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Two experiments were carried out to evaluate the efficacy of the administration of active dry
yeast and/or lactobacillus preparation (AVI-BAC), either before or after the infection with antibiotic
resistant field strain of Escherichia coli O127 (E. coli O127) in controlling the severity of infection in
quail chicks. The quail chicks of the different experimental groups were infected orally for two
successive days with 3x10’ CFU of E. coli O-127 as an individual dose. The used field strain proved to
be highly pathogenic for quails. Probiotics were supplemented in the drinking water for the different
treatment groups at a dose level of 0.5 gm/L.. The results revealed that the inclusion of lactobacilli or
active dry yeast before E. coli infection has been highly effective in reducing mortality rate, organ
invasion and the number of E. coli positive quail chicks. In addition, it decreased the severity of
macroscopic and microscopic lesions in different organs in the probiotic treated groups as compared
to the infected controls. Lactobacilli preparations were more efficient in controlling the severity of
the infection. On the other hand, the administration of yeast and /or lactobacilli after inducing E. coli
infection reduced the mortality rate and the severity of lesion score in different organs but probiotics
failed to protect quail chicks against the infection. It has been proved that the two probiotics have
synergistic effect in controlling collibacillosis in quails.

In recent years, a great attention was paid
towards quail farming as an alternate to fulfill the
increasing demands for the poultry meat.
Colibacillosis is a common systemic infection
caused by any of the different serotypes of
Escherichia coli (Barnes, et al., 2003). Quails of all
ages are susceptible to diseases caused by E. coli,
resulting in significant economic losses due to high
morbidity, increased medication bills and
condemnation of the infected quails (Abou El-
Makarem and Ali, 1997; Barnes, et al., 2003;
Hammouda, 1992; Reddy and Koteeswaran, 1994).

On the other hand, it was found that the misuse
of different antibiotics in the treatment of poultry
diseases or as growth promoter feed additives
resulted in the emergence of resistant strains of
bacteria that are difficult, if not impossible, to treat.
Thus, many researches were done to find other safe
and effective alternate. One of the alternatives,
which have been introduced, is the use of probiotics.

Probiotics are heterogeneous group of live
preparations that contains microorganisms or
microbial metabolites from various sources (Fuller,
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1989) and they are used to promote the growth of
food animals and to control microbial invasion by
the intestinal pathogens.

Our research project was designed to evaluate
the efficacy of two commercial probiotic
preparations (Active dry yeast and lactobacilli
combination) in controlling E. coli in quails either
as prophylaxis before the infection or as therapy
after an established infection.

Material and Methods

Quail chicks. One-day-old quail chicks were
collected as from a commercial hatchery and litter
reared under complete hygienic conditions. The
quail chicks were subjected to bacteriological
examinations and proved to be free from pathogenic
E.coli.

E. coli field strain. A chicken strain of E. coli was
isolated from broiler chicken flocks exhibiting
severe septicaemia. Morphological, cultural and
biochemical identifications were carried out
according to (Halt ef al., 1996). The ficld strain was
initially identified as E. coli and subjected to
serological typing using E. coli polyvalent and
monovalent O antisera (Behring Werke Ag.,
Marburg-Lahn, Germany). Susceptibility of the
isolated E. coli field strain (O127) was screened
against different antibiotics by disc diffusion
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Table (1): Antibiotic sensitivity test of E. coli (field strain O127).
Diameter of inhibition zone
Antibiotic Disk Conc. (mm) Comment
Disc (ug) Standard Inhibition Result
Zone (>/=) esu

Amoxycillin (AML) 25 16 0 Resistant
Chloramphenicol (C) 30 21 18 Resistant
Ciprofloxacin (Cip) 5 21 18 Resistant
Colistin sulphate(CT) 25 11 14 Sensitive
Danofloxacin (DFX) 5 21 0 Resistant
Erythromycin (E) 15 15 0 Resistant
Enrofloxacin (ENR) 10 30 14 Resistant
Flumequin (UB) 30 22 0 Resistant
Gentamycin (GM) 10 19 12 Resistant
Norfloxacin (NOR) 10 28 0 Resistant
Oxytetracycline (OT) 30 19 0 Resistant
Trimethoprim (SXT) 1.25 24 0 Resistant

technique adapted according to (Koneman et al.,
1992) using antibiotic discs collected from Oxoid
(Table 1).

Probiotics. Two commercial probiotics used in this study: (i)
Active dry yeast (Saccharomyces cervisiae)
obtained from Holw Elsham Company for Powder
and Light Food Industry, Sixth- October City, Giza,
Egypt. (ii) AVI-BAC: A commercial probiotic consists
of combination of three species of lactobacillus
(Lactobacillus  acidophilus, Lactobacillus planterum
and Lactobacillus brevis). AVI- BAC obtained from
Sure Pharmaceutica Company, Heliopolis, Cairo, Egypt
and produced by Pro- Byn International Inc, Lombard,
Illinois 60148 USA. Probiotics were supplemented in
the drinking water at a dose level of 0.5gm/L (Gram per
liter).

Piolet pathogenicity testing of E. coli in quails.
Ten 4-day-old quail chicks were randomly collected
and each was infected subcutaneously with 3x10’
CFU of the tested E. coli strain (O127). The quails
were fed on starter commercial quail feed,
supplemented with fresh hygienic drinking water
and kept under observation. Signs, mortalities and
lesions were recorded. Resiolation of the inoculated
field strain (E£. coli O127) from the internal organs
for checking backs its serotype identity was
performed.

Experimental design.

Experiment (1):Evaluation of the administration
of probiotics pre-infection with E. coli (0127).
A total of 120 ten-days-old quail chicks were sorted
out into six equal treatment groups, reared in
separated litter breeding pens. Sanitation and
hygiene were considered. Chicks of all groups were
fed on a starter commercial quail feed from day old
till the end of the experiment. Chicks of groups (1)
and (4) received fresh hygienic drinking water

throughout the experiment. Chicks of groups (2) and
(5) received fresh hygienic drinking water
supplemented with 0.5gm/L. of active dry yeast
(Saccharomyces cervisiae) from day old till the end
of the experiment. Chicks of groups (3) and (6)
received  fresh  hygienic  drinking  water
supplemented with 0.5gm/L. of Lactobacillus
preparation (AVI-ABC) from day old till the end of
the experiment. At the fourth day of the experiment
chicks of groups (4), (5) and (6) were infected orally
with 3x10” CFU of E. coli (0127) as an individual
dose for two successive days. The chicks of all
groups were observed daily for the appearance of
signs, mortalities and lesion scores which were
recorded throughout the experimental observation
period.

Ten days post-infection, the quails were
sacrificed, lesions were recorded and samples were
collected aseptically from the internal organs (heart,
lung, liver and kidney) and subjected to
bacteriological reisolation attempts and
histopathological investigation.

Experiment (2):Evaluation of the administration
of probiotics post-infection with E. coli (0127).
A total of 150 four-day old quail chicks were
included in this study. All quails from the different
groups were fed on starter commercial quail feed
from day old till the end of the experiment. Thirty
chicks were reared in a separate pen and received
starter commercial quail feed and fresh hygienic
drinking water throughout the experiment. The
remainder quail chicks (120 Quails) were infected
orally with 3 x 10’ CFU of 0127 field strain of
E. coli for two successive days as an individual
dose. Those quails were fed on starter commercial
quail feed thereafter. On the fourth day post-
infection the chicks were sorted out into four groups
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Table (2): Piolet pathogenicity test of E. coli (field strain O127) in quails.

Bacterial | D o0se of experimental Infected quails Route of Mortality
field strain infection (CFU/CHICK) No. Age inoculation No. %
E. coli .
(0127) 6x10 10 4 days old S/C 10/10  100%

Table (3): Mortality rate of quail chicks infected with E. coli (field strain (0127) after

probiotic administration (Experiment 1).

Mortality/days post-infection Mortality
Group No. Treatment 1 2 334 5 6 7 8 9 10 Total o,
No.

1 Blank control o 0 0 0 0 O O O 0 O 0/20 0%
2 Lactobacillus only o 0 0 0 0 O O 0 0 O 0/20 0%
3 Yeast only O 0 0 0 0 0 O O 0 O 0/20 0%
4 E. coli infection 6 5 1 2 1 1 0 0 0 O 16/20 80%
5 E.coli+ Lactobacillus 2 3 0 0 0 O O O 0 O 5/20 25%
6 E. coli + yeast 21 0 0 1 O O 0 O0 O 4/20 20%

Table (4): Reisolation rate of E. coli (field strain O127) from infected quail chicks
administrated different probiotics before the infection.

Group Treatment Liver Heart Lung Kidney POS.lthe
No. Chicks

No. % No. % No. % No. % No. %
1 Blank control 0 0 0 0 0 0 0 0 0 0
2 Lactobacillus only 0 0 0 0 0 0 0 0 0 0
3 Yeast only 0 0 0 0 0 0 0 0 0 0
4 E. coli infection 4/4 100 4/4 100 4/4 100 4/4 100 4/4 100
5 E. coli+ Lactobacillus 7/15 46.67 5/15 33.33 5/15 33.33 6/15 40 9/15 60
6 E. coli + yeast 8/16 50 7/16 43775 7/16 43.75 5/16 31.25 11/16 68

(30 Chicks each) as follows:

Group (1): Infected chicks fed commercial feed
and supplemented with fresh drinking water till the
end of experiment (Positive control).

Group (2): Infected chicks fed commercial feed
and supplemented with drinking water containing
0.5gm/L of lactobacilli preparation (AVI-BAC) till
the end of experiment.

Group (3): Infected chicks fed commercial feed
and supplemented with drinking water containing
0.5gm/L of active dry yeast (Saccharomyces
cervisiae) till the end of experiment.

Group (4): Infected chicks fed commercial feed
supplemented with drinking water containing
0.5gm/L of lactobacill preparation (AVI-BAC) and
0.5gm/L active dry yeast (Saccharomyces cervisiae)
till the end of experiment.

The chicks from all groups were observed daily for
the development of signs, mortalities and lesions which
were recorded throughout the experimental observation
period.

Quail chicks were sacrificed ten days post
medication and quails were sampled for lesion
score. Organs were sampled aseptically for the
reisolation of the inoculated field strain and for the
histopathological examination.

Bacteriological examination. Re-isolation and
identification of the inoculated E. coli field strain
(0O127) from the different internal organs of infected
quail chicks were done using MacConkey agar
medium and Congo red agar medium according to
(Berkhoff and Vinal, 1986).

Histopathological examination. Internal organs that
showed lesions or any abnormal changes were
collected, then fixed in 10% formol saline solution. The
collected samples were dehydrated, cleared and
embedded in paraffin wax, and then specimens were
sectioned to 4 micron thickness and stained by Harris
haematoxylin and eosin (Harris, 1990).

Results and Discussion

The pathogenicity testing of E. coli field strain

(0127) that used in this research work (Table 2)
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Table (5): Mortality rate of quail chicks infected with E. coli (field strain (O127) before probiotic
administration (Experiment 2).

Group Mortality/days post-infection Mortality
No. Treatment 1 2 3 4 5 6 7 8 9 10 Total %
No.
I Blank control 0O 0o 0 0 0o O o0 0 O 0 0/30 0%
1| E. coli infection 5 7 15 0 0 0 O O O O 27/120  22.5%
1 E. coli control - - - 5 2 1 4 1 1 0 14/23 60%
2 E. coli+ Lactobacillus - - - 4 3 2 2 1 0 0 12/23 52%
3 E. coli + yeast - - - 3 0 2 1 1 0 O 7/23 30%
4 E. coli+tLactobacillus +yeast - - - 2 2 1 1 0 O 0 6/23 25%

Table (6): Reisolation rate of E. coli (field strain O127) from infected quail chicks receiving different
probiotics after infection.

Gll\’l(:)l.lp Treatment Liver Heart Lung Kidney 12)1?:21::
No. % No. % No. % No. % No. %

I Blank control 030 0% 0530 0% 030 0% 030 0% 030 0%
1 E. coli infection 99 100 9/9 100 9/ 100 89 8889 99 100
2 E colit Lactobacillus 10/11 81.81 9/11 8181 9/11 81.81 8§11 7272 11/11 100
3 E coli+yeast 15/16 9338 13/16 8125 14/16 87.59 13/16 8125 16/16 100
4 coli+ Lactobacillust yeast 14/17 8235 12/17 7038 12/17 7038 10/17 58.82 17/17 100

Table (7): Histopathlogical findings recorded in lungs of quails receiving probiotics before and after

infection with E. coli (Field strain 0127).

* Lesions of the lung

Treatment Congestion Haemorrhages Thrombosis Emphysema Oedema Perivascular Inflaimmatory  Bronchial Epithelization Granulomatous
oedema cells epithelium structure
Infiltration hyperplasia

Yeast ++ - - - - - - - - -
Lctobacilli + - - + - - - - - -
E coliinfection  tH++  +H++ +H+ A +H++ A ++++
Yeast + E. coli ++ ++ ++ ++ ++ ++ ++ ++ ++ -
E. coli + yeast +++ +++ ++ ++ ++ ++ +++ ++ +++ ++
Lactobacilli + E. + - + + + + + + - -
coli
E. coli + ++ 4+ ++ +++ ++ ++ 4+ ++ + -
lactobacilli

, ++ ++ ++ - ++ ++ ++ - - +
E. coli +
Yeast+lactobacillii

* Histopathology Score: According to Barnes, ef al., (2003) and Reddy and Koteeswaran, (1994)
+=Mild lesion. ++ = Pronounced lesion.

-= No lesion.

+++ = Moderate lesion. ++++ =Severe lesion.
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Fig.(1): Heart of experimentally infected quail with E. coli showing pericarditis (H&E x400).

Fig.(2): Liver of experimentally infected quail with E. coli showing perihepatitis (H&E x400).

Fig.(3): Liver of experimentally infected quail with E. coli showing degenerative changes of hepatocytes.
(H&Ex400).

Fig.(4): Lung of experimentally infected quail with E. coli showing exudation of proteinacious fluid (H&E x400).
Fig.(5): Heart of quail given yeast only showing no defined lesions (H&E x250).

Fig.(6): Heart of quail given yeast then infected with E. coli showing mild pericarditis and myocarditis (H&E
x250).

Fig.(7): Liver of quail given yeast then infected with E. coli showing congestion (H&E x250).

Fig.(8): Heart of quail infected with E. coli and treated with yeast showing pericarditis (H&E x250).

Fig.(9): Lung of quail infected with E.coli, and treated with yeast showing granulomatous structure (H&E x250).
Fig.(10): Liver of quail given only lactobacilli showing no defined lesions (H&E %x250).

Fig.(11): Heart of quail infected with E. coli and treated with lactobacilli showing pericarditis (H&E x250).
Fig.(12): Liver of quail infected with E. coli and treated with lactobacilli showing coagulative necrosis (H&E
x250).

Fig.(13): Heart of quail infected with E. coli and treated with yeast and lactobacilli showing hyperplasia of the
pericardium (H&E x250).

Fig.(14): Liver of quail infected with E. coli and treated with yeast and lactobacilli showing thorombosis and
microthorombosis (H&E x100).

Fig.(15): Lung of quail infected with E. coli and treated with yeast and lactobacilli showing thorombosis (H&E
x100).

Fig.(16): Lung of quail infected with E. coli and treated with yeast and lactobacilli showing inflammatory cells
infiltration (H&E x100).
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Table (8) : Histopathlogical findings recorded in the heart and liver of quails receiving probiotics before
and after infection with E. coli (field strain 0127).

* Heart lesion * Liver lesion

Treatment Pericarditis Myocarditis Perihepatitis Degenerative Coagulative Inflammatory Congestion Haemorrhage Thorombpsis

changes necrosis cells
Yeast * - - - - - - - - -
Lactobacilli - - - - - - - -
E. coli infection -+ -+ -+ -+ -+ ++++ -+ +++ -+
Yeast + E. coli ++ ++ ++ ++ ++ ++ ++ ++ +4
E. coli + yeast +++ +++ ++ ++ ++ ++++ -+ +++ 44
Lactobacilli + E. - - + + - ++ + - +
coli
E. coli + + + +++ ++ ++ ++ ++ ++ +++
lactobacilli
E. coli+ ++ ++ ++ ++ ++ ++ ++ ++ ++
(Yeast+
lactobacilli)

* Histopathology Score: According to Barnes, et al., (2003) and Reddy and Koteeswaran (1994)
-= No lesion. += Mild lesion. ++ = Pronounced lesion. +++ = Moderate lesion. ++++ = Severe lesion.

revealed high susceptibility of quails to E.
coli isolated from chickens. Hundred percent
mortalities occurred within 24 h post-infection
indicating that quails might play an important
role in the perpetuation and spread of E. coli
infection in chickens. These results agreed with
Reddy and Koteeswaran (1994) who found that
there was a relative susceptibility of Japanese
quails to serotypes of pathogenic E. coli isolated
from chickens. They found that seven-day and
seven-week-old quails were susceptible to all
tested serotypes of chicken E. coli as evidenced
by more numbers of deaths and quickness of
mortality even at lower concentrations. The
lesions observed in most of the infected quail
chicks were typical to avian colibacillosis. Also,
the results shown in Table (2) showed that the
used E. coli strain (O127) proved to be highly
pathogenic for quails. These results agreed with
Abou El-Makarem and Ali (1997) who found
that E. coli serogroup O127 was one of the most
predominant E. coli (O) serogroups isolated from
the lung tissues of living and slaughtered quails
suffering from respiratory disorders.

The antibiotic susceptibility testing of the E.
coli (0O127) revealed its sensitivity only to
colistin sulphate and its resistance to the other
twelve antibiotic discs used (Table 1). This result
agreed with Barnes, et al., (2003) who reported

that strains of E. coli from poultry are frequently
resistant to one or more drugs especially if they
have widely used in poultry industry over a long
period or as a result of misused administration as
growth promoter feed additives at low
concentrations resulting in the development of
resistant strains of bacteria. Tables (3) and (5)
showed that the administration of the lactobacilli
preparation (AVI-BAC) either before or after E.
coli infection reduced the mortality rate from
80% and 60% in the infected non-treated groups
to 25% and 52% in the treated groups
respectively. Lactobacilli preparation was also
able to reduce the number of E. coli positive
quail chicks and organ invasion from 100% in
the infected non-treated quails to 60% in
lactobacillus- treated quail chicks only when
administrated before E. coli infection (Table 4).
On the other hand, lactobacilli failed to protect
chicks after the induction of infection (Table 6).
Lactobacilli are major producer of lactic acid
Fuller, (1997) and Humphrey et al., (1993). The
mechanism attributed to lactic acid bacteria to
produce their protective effect against
enteropathogenic bacteria (Juven, et al., 1991;
Pascual et al., 1999) is achieved through the
following effects: (a) Reduction of the intestinal
colonization by the invasive enteropathogens
which is attributed to the decrease in caecal
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hydrogen ion concentration, increased lactic acid
concentration and increased  undissociated
volatile fatty acids concentration (Schneitz, et
al., 1990; Hinton et al., 1990; Corrier et al.,
1991; Hume et al., 1992; Vandenberg, 1993;
Barnhart et al., 1999; Ezz-Eldeen, and Zouelfakar,
2003). (b) Competition with the pathogen for
adhesion sites or nutritional sources (Nisbet et
al., 1993; Bernet et al., 1994; Hejliceck et al.,
1995; Pascual et al., 1999). (c¢) Stimulation of the
systemic immune responses (Muir et al., 1998;
Quéré and Girard, 1999; Huang et al., 2004).
Regarding the effect of active dry yeast
(Saccharomyces cervisiae) in controlling E. coli
infection in quails, Tables (3) and (5) revealed
that it was able to reduce the mortality
percentages from 80% and 60% in the infected
non-treated quail chicks to 20% and 30% in
treated ones in the administration before and
after E. coli infection respectively. The rate of
reisolation of E. coli from internal organs of
infected quail chicks were greatly reduced from
100% in the infected, non-treated groups to
31.25% (from kidneys) and 50% (from liver). In
quail chicks administrated yeast before E. coli
infection with great reduction of the number in
positive quail chicks from 100% in infected non-
treated quails to 68% in infected, yeast-treated ones.
The active dry yeast achieves its protective effect
against  enteropathogens  through  different
mechanisms including: a) Competition with the
pathogenic microorganisms for the adhesion sites
and act as pathogen adherent bacteria that enter the
gastrointestinal tract before the pathogenic bacteria
can attach to the bird intestinal wall. Yeast does not
permanently colonize the intestine, so yeast and
yeast-bound pathogen should pass out of the bird
during excretion thus minimizing bacterial
colonization (Oyofo et al., 1989a,b ; Bernet ef al.,
1994). b) Inhibition of the production or the action
of the bacterial toxins (Czerucka, et al., 1994 ;
Brandéo ef al., 1998). c¢) The yeast polysaccharides
are very promising immuno-stimulating agents that
increase both humoral and cell mediated immune
responses (Jing et al., 1989; Badr and El-Kholy,
2003).

Tables (5, 6) revealed that the addition of
both 0.5 gm/L of the lactobacilli preparation
(AVI-BAC) and 0.5 gm/L of active dry yeast in
the drinking water of quail chicks previously
infected with E. coli, resulted in reduction of the
mortalities and the organ invasion in the treated
groups more than did by either preparation when
used alone. These results agreed with Fuller,
(1995) who reported that probiotic trials could be
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affected by some factors such as the type of the
biotherapeutic agent, methods of probiotic
production and administration, the viability of
the preparation and the condition of the host and
of the gut microbiota (Filho-Lima ef al., 2000) in
addition to the specificity of the protective
mechanism could be another factor which could
affect the action of the used probiotic. This
might explain the synergistic effect of the
lactobacilli and active dry yeast in protecting
birds thus controlling E. coli infection in quails.
Histopathological findings of different
lesions in lung (Table 7), heart and liver (Table
8) of quail chicks of different experimental
groups revealed that the group infected with E.
coli only showed pericarditis (Fig. 1) which
extended to the parts of the myocardium
resulting in myocarditis. There was thickening of
the hepatic capsule due to oedema and
inflammatory  cell infiltration (Fig. 2),
degenerative changes of the hepatocytes and
vascular and granular degeneration (Fig.3).
Other lesions included pronounced haemo-
rrhages, emphysema,inflammatory cells infilt-
ration, preivascular oedema, thrombosis,
epithelization of alveoli, hyperplasia of epithelial
lining of secondary and tertiary bronchi with the
activation of goblet cells, granuloma and
exudation of proteinacious fluid (Fig.4).
In the non-infected groups that given yeast only,
no defined lesions were detected in the heart
(Fig.5), liver. In groups given yeast before the
infection there was mild pericarditis and
myocarditis (Fig.6) and congested hepatic blood
vessels (Fig.7). In the lung, there were mild
lesions of congestion, haemorrhages, emphy-
sema, oedema, inflammatory cells infiltration
and hyperplasia of the bronchial epithelium. On
the other hand, groups treated with yeast after E.
coli infection, showed more severe lesions either
in the heart (Fig.8), or in the liver and lung
(Fig.9) which showed more pronounced
granuloma. The non-infected groups given
lactobacilli only showed no defined lesions in
the heart, liver (Fig. 10) and lung. In the groups
receiving lactobacilli before the infection, very
mild lesions in heart, liver and lung were
observed. When lactobacilli was used as a
treatment after the infection, lesions were more
pronounced but milder than that when the yeast
was used as treatment which appeared as
pericarditis (Fig.11) and coagulative necrosis in
the liver (Fig. 12). The dual treatment group of
both yeast and lactobacillus after E. coli
infection showed pronounced hyperplasia of
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pericardium (Fig.13), pericarditis and myocard-
itis. The liver showed perihepatitis. degen-
erative changes in the hepatocytes, inflammatory
cells infiltration, coagulative necrosis, congested
hepatic blood vessels, haemorrhages, thrombosis
and microthrombosis (Fig.14). The lung tissues

showed  pronounced  haemorrhages  and
thrombosis (Fig.15), infiltration and
inflammatory cells (Fig.16), oedema and

granulomatous structure. It was noticed that the
kidneys of all experimental groups showed no
defined lesions. The above mentioned
histopathological findings agreed to a great
extent with that obtained from the bacteriological
examination. In conclusion, both active dry yeast
and lactobacilli are effective in controlling the
severity of E. coli infection in quail chicks
especially when given before the infection. Both
probiotics have a synergestic effect against the
infection with enteropathogenic E. coli in quails.
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