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ABSTRACT Disease inflicted by avian pathogenic
Escherichia coli (APEC) causes economic losses and
burden to the poultry industry worldwide. In this
study, the efficacy of chitosan nanoparticles loaded
OKAZ14 (C-PKAZ14 NPs) as an oral biological ther-
apy for Colibacillosis was evaluated. C-®PKAZ14 NPs
containing 10" PFU/ml of ®KAZ14 (Myoviridae; T4-
like coliphage) bacteriophage were used to treat ex-
perimentally APEC-infected COBB 500 broiler chicks.
C-®KAZ14 NPs and ®KAZ14 bacteriophage were
administered orally in a single dose. The clinical
symptoms, mortality, and pathology in the infected
birds were recorded and compared with those of con-
trol birds that did not receive C-®KAZ14 NPs or
naked PKAZ14 bacteriophage. The results showed that
C-®KAZ14 NP intervention decreased mortality from
58.33 to 16.7% with an increase in the protection rate
from 42.00 to 83.33%. The bacterial colonization of
the intestines of infected birds was significantly higher
in the untreated control than in the C-®KAZ14 NP-
treated group (2.30x10° £ 0.02 and 0.79x10° £ 0.10
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INTRODUCTION

Escherichia coliis a commensal bacterium of the gas-
trointestinal tract of birds. Not all strains cause dis-
eases; however, some strains cause disease following ex-
posure to certain conditions, which may include ab-
normal prevalence over other commensals, a weakened
host immune system, or adverse environmental condi-
tions (Barnes et al., 2008). In addition to Escherichia
coli strains that reside within the intestinal tract where
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CFU/mlL, respectively) (P < 0.05). Similarly, a signifi-
cant difference in the fecal shedding of Escherichia coli
was observed on d 7 post challenge between the un-
treated control and the C-®KAZ14 NP-treated group
(2.35x10° £ 0.05 and 1.58x10* + 0.06 CFU/mL, re-
spectively) (P < 0.05). Similar trends were observed
from d 14 until d 21 when the experiment was termi-
nated. Treatment with C-®PKAZ14 NPs improved the
body weights of the infected chicks. A difference in body
weight on d 7 post challenge was observed between the
untreated control and the C-®PKAZ14 NP-treated group
(140 £+ 20 g and 160 + 20 g, respectively). The in-
crease was significant (P < 0.05) on d 21 between the 2
groups (240 + 30 g and 600 £ 80 g, respectively). Con-
sequently, the clinical signs and symptoms were amelio-
rated upon treatment with C-®PKAZ14 NPs compared
with infected untreated birds. In all, based on the re-
sults, it can be concluded that the encapsulation of bac-
teriophage could enhance bacteriophage therapy and is
a valuable approach for controlling APEC infections in
poultry.

®KAZ14, COBB 500 broiler chicks, chitosan
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they cause disease, some strains cause disease outside
the gastrointestinal tract. They are referred to as avian
pathogenic Fscherichia coli (APEC) and cause a dis-
ease called Colibacillosis (Zhao et al., 2005). Avian Col-
ibacillosis is a complicated disease characterized by dif-
ferent signs and symptoms, including numerous organ
lesions, typically pericarditis, airsacculitis, perihepati-
tis, and peritonitis. In its acute form, it causes sep-
ticaemia. The disease leads to high economic losses
worldwide following high mortality rates, carcass rejec-
tion, and condemnation at slaughter (Delicato et al.,
2003; Ewers et al., 2004). Since the disease leads to
septicemia and airsacculitis in the affected birds, these
lesions are a cause of condemnation at slaughter. It has
been shown that these lesions alone represent a yearly
average condemnation rate of up to 0.2% of almost 170
million broilers dressed every wk in the United States,
although the condemnation is seasonally dependent, in-
creasing during the winter period. However, when 0.2%
standard downgrade is used, the United States broiler
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operations suffer huge economic losses of up to €38 mil-
lion yearly due to infectious processes and lesions ob-
served on dressed chickens at slaughter (Simon M. S,
2009). Fecal contamination has been identified as the
source of infection through inhalation of Escherichia
coli into the respiratory tract (Barnes and Gross, 1997).
The invading Fscherichia coliisolated from chickens are
usually resistant to multiple drug therapy (Levy, 2001,
2002).

Bacteriophages are viruses that attack bacteria and
cause bacterial lysis. They are specific to the host that
they infect and kill. Therefore, they do not have any ef-
fects on other living organisms besides bacteria. Thus,
they are an attractive alternative to antibiotics and
could be used to overcome bacterial infection and an-
tibiotic resistance (Huff et al., 2013). However, one
constraint that could limit the application of phage
by the oral route is that the effectiveness of the ad-
ministered phage is rapidly reduced by acid, enzymes,
and bile (Joerger, 2003). Thus, there is a need to pro-
tect the phage for oral therapy to control Colibacillosis
(Chibani-Chennoufi et al., 2004). It has been hypoth-
esized that loading phage into chitosan nanoparticles
would improve protection from inactivation by enzymes
and lead to enhanced effective delivery to the target
site.

Chitosan and its derivatives are natural polycationic
polysaccharides containing glucosamine and N-acetyl-
glucosamine, which have been used in various applica-
tions and have been shown to be non-toxic, biocompat-
ible, and biodegradable (Hirano et al., 1990; Chandy
et al., 1990; Struszczyk et al., 1991). Although chitosan
has low oral toxicity (Knapczyk et al., 1989; Hirano
et al., 1990), its toxicity may depend on its degree
of deacetylation, molecular weight, purity, and route
of administration. The efficacy of chitosan nanopar-
ticles loaded ®KAZ14 bacteriophage in the biological
control of colibacillosis in chickens was evaluated and
discussed.

MATERIALS AND METHODS

Experimental design and treatment

To evaluate the efficacy of chitosan nanoparticle-
encapsulated PKAZ14 (C-PKAZ14 NPs), a 3-week
experiment was performed. A total of 36 one-day-old
mixed sex COBB 500 broiler chicks were obtained from
a commercial hatchery in Seri Kembangan, Malaysia
(supplied by FAJIMA TRADING). The hatchery had
no history of Colibacillosis. On arrival, chicks were al-
lowed to acclimatize to the laboratory setting for one
wk, with access to water and antibiotic-free feed ad libi-
tum. The internal room temperature was controlled at
20°C. Following stabilization, the chicks were weighed
using a digital portable hanging scale (BlueDot Trading
LLC, Kuala Lumpur, Malaysia) and were randomly di-
vided into 3 experimental groups of 12 (n = 12) chicks
per group. In this case, water and antibiotic-free feed

were provided ad libitum throughout the experimental
period.
The experimental groupings were as follows:

Untreated control (n = 12) Infected; no treatment

Naked ®KAZ14 phage (n = 12) Infected and treated
with naked bacteriophage

C-®KAZ14 NPs (n = 12) Infected and treated with
C-®PKAZ14 NPs

Experimental Colibacillosis infections in COBB 500
broiler chicks were induced by intra tracheal instil-
lation of chicks with 10 CFU/mL Escherichia coli
O1:K1:H7. The treatment regime was as follows. The
birds in the untreated control group were treated
with a 0.2 mL placebo dose of phosphate buffered
saline (PBS) (0.14 M NaCl, 0.0027 M KCl, 0.01 M
NayHPOy, 0.0018 M KHyPOy; pH 7.4). The birds in the
naked ®PKAZ14 bacteriophage group received 0.2 mL
naked ®KAZ14 bacteriophage at a concentration of 107
PFU/mL in SM buffer. The birds in the C-PKAZ14 NP
group received 0.2 mL C-®KAZ14 NPs containing 107
PFU/mL. All groups were challenged with 0.2 mL of
a 5-h-old culture containing 10° CFU/mL Escherichia
coli O1:K1:H7 (grown in LB broth at 37°C with shak-
ing at 180 rpm). The treatments were instituted 2
h post challenge by oral administration of bacterio-
phage. The challenge was performed by direct intra tra-
cheal instillation of challenge culture into the trachea
of the 7-day-old COBB 500 chicks via a blunt ended
cannula.

Preparation of ®KAZ14 bacteriophage
chitosan nanoparticle (C-KAZ14 NP)

Preparation of chitosan nanoparticles was earlier re-
ported (Kaikabo et al., 2016). A medium molecular
weight chitosan with degree of deacetylation of 75%
to 85% was purchased (Sigma-Aldrich, St. Louis, MO)
and used to prepare chitosan nanoparticles. Briefly,
1% chitosan nanoparticles were prepared by dissolv-
ing chitosan (0.1 g) in distilled water (10 mL) con-
taining 100 uL acetic acid (QRéCTM, Kuala Lumpur,
Malaysia) under continuous magnetic stirring for one
hour. The mixture was vortexed and sonicated for 5
and 30 min, respectively. The resulting solution was
centrifuged at 10,000 g and adjusted to a pH of 5.5 by
adding 0.1 M sodium hydroxide (Sigma-Aldrich) with
gentle swirling. The final solution was filtered through a
povidone membrane (filter pore size 0.45 pM). Further-
more, 10" PFU/mL ®KAZ14 bacteriophage was encap-
sulated with chitosan nanoparticles as follows: The bac-
teriophage suspension (10 mL) containing 10" PFU/mL
of PKAZ14 bacteriophage was suspended in 10 mL of
1% chitosan solution (v/v) and gently stirred with a
magnetic bar. The detailed physico-chemical charac-
terization of PKAZ14 bacteriophage nanoparticles was
discussed (Kaikabo et al., 2016).
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Clinical signs of Colibacillosis in COBB 500
broiler chicks

The clinical signs of Collibacillosis in COBB 500
broiler chicks infected with APEC and treated with
C-®PKAZ14 NPs were observed and recorded (Antao
et al., 2008) throughout the period of the experiment.

Body weight changes in COBB 500 broiler
chicks

The body weights of chicks were measured at weekly
intervals and at the end of the study period. Their
major organs, such as the lung, liver, heart, spleen,
and gizzard, were aseptically excised and weighed as
previously described (Huff et al., 2006a). All birds
were sacrificed at the end of the study by cervical
dislocation. Animal care and procedures were carried
out based on the approved guidelines of the Institu-
tional Animal Care and Use Committee (IACUC)
University Putra, Malaysia, under approval number:

UPM/IACUC/AUP-R089/2014.

Mortality in COBB 500 broiler chicks

The birds that died in the course of the experiments
were collected for postmortem analysis to assess any
gross pathological lesions. Tissue samples were taken
for bacteriological culture (Piercy and West, 1976). The
mortality and survivors were recorded, and the mortal-
ity rate was calculated as follows:

Mortality rate =
Number of chicks that died in a group N

100
Total number of chicks in the group

Intestinal colonization and shedding of E.
coli in the feces of COBB 500 broiler chicks

The birds’ intestinal contents were aseptically
scooped using a sterile spatula and transferred into
sterile plastic bags and weighed. The contents were ho-
mogenized in 0.85% sodium chloride. The homogenates
were serially diluted 10-fold, plated in triplicate on eosin
methylene blue (EMB) agar (Merck KGaA, Darm-
stadt, Germany) and incubated at 37°C overnight. Fol-
lowing incubation, the colonies that showed a green
metallic sheen were enumerated to determine the num-
ber of Escherichia coli per gram of sample (CFU/g)
that colonized the intestine. The results were calculated
and compared among groups to determine intestinal
colonization by FEscherichia coli. For Escherichia coli
shedding in feces, freshly voided feces were aseptically
collected from trays and weighed, followed by process-
ing as described as for intestinal colonization (Carrillo
et al., 2005; Janez and Loc-Carrillo, 2013).

Table la. Body weight change (g) mean + SEM triplicates of
COBB 500 broiler chicks infected with pathogenic Escherichia
coli and treated with C-PKAZ14 NPs.

Days post infection

Group 7 14 21

Untreated control 140 + 20* 240 + 30° 240 + 30°
OKAZ14 phage 170 + 10" 290 + 20" 550 £ 80°
C-OKAZ1j NPs 160 + 20" 270 + 30° 600 + 80*

®KAZ14 phage = naked bacteriophage, C-PKAZ14 NPs = chitosan
bacteriophage-encapsulated nanoparticles.

*“values represent the mean + SEM triplicate of survivors per cage.
Values within a column with different superscripts differ significantly
(P < 0.05). Values represent the body weights of survivors.

Viable bacterial count in internal organs
and blood of COBB 500 broiler chicks

Viable bacterial count in organs (spleen and lungs)
and blood of birds that died during the course of the
study and those sacrificed at the end of the experiment
were determined as described with little modifications
(Huang and Matsumoto, 1999). Organs were aseptically
excised and weighed. One gram of each organ was ho-
mogenized in 9 mL of PBS using stomacher (Lab Lemco
400, Seward, Worthington, United Kingdom). A 10-fold
serial dilution was made in PBS from which 100 ul of
homogenate were plated on Congo Red agar in tripli-
cates and incubated at 37°C for 24 hours. The colonies
were counted to determine the colony-forming unit per
gram or milliliter (CFU/g/mL) in each organ or blood.

RESULTS

Clinical signs of COBB 500 broiler chicks
infected with APEC

The clinical signs observed in the experimental birds
included inappetance, ruffled feathers, rales and gasp-
ing for air, sitting on the hocks, and diarrhea. Similarly,
some birds were depressed or dishevelled in appearance
with swollen heads. These signs were minor in the C-
®KAZ14 NP-treated group compared with the naked
bacteriophage PKAZ14-treated and -untreated control
groups.

Weekly body weights of COBB 500 broiler
chicks infected with APEC

No differences were observed among the groups in the
body weights of birds on d 7 post challenge. The mean
body weight of birds treated with naked phage and
C-®KAZ14 NP therapy, birds treated with PKAZ14
phage, and the untreated control group was not signif-
icantly different (P < 0.05). Similar results were ob-
served on d 14 post challenge. However, even with in-
fection, the body weight continued to increase gradu-
ally from d 7 to d 14 to d 21 post challenge, when the
experiment was terminated (Table 1a). This increase
despite infection was attributed to the positive impact
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Table 1b. Body weight change (g) Mean + SEM triplicates of
COBB 500 broiler chicks infected with pathogenic Escherichia
coli and treated with C-®KAZ14 NPs (replicate).

Days post infection

Group 7 14 21

Untreated control 140 + 20 240 + 30 240 + 30Pc
OKAZ1) phage 170 + 10>¢ 290 + 20P¢ 550 + 80P
C-®KAZ1j NPs 160 + 20° 270 + 30° 600 + 80*°

PKAZ14 phage = naked bacteriophage, C-®PKAZ14 NPs = chitosan
bacteriophage-encapsulated nanoparticles.

# “values represent the mean + SEM triplicate of 12 birds per cage.
Values within a column with different superscripts differ significantly
(P < 0.05). Values represent the body weights of survivors.

Table 2a. Mortality rate in COBB 500 broiler chicks infected
with pathogenic Escherichia coli and treated with C-®PKAZ14
NPs.

Mortality rate Protection

Group Mortality ~Survivors (%) rate
Untreated control 7 5 58.33 42.00
PKAZ14 phage 6 6 50.00 50.00
C-#KAZ14 NPs 2 10 16.70 83.33

®KAZ14 phage = naked bacteriophage, C-0PKAZ14 NPs = chitosan
bacteriophage encapsulated nanoparticles. Total number of chicks per
group (n) = 12.

Table 2b. Mortality rate in COBB 500 broiler chicks infected
with pathogenic Escherichia coli and treated with C-PKAZ14
NPs (replicate).

Mortality rate Protection

Group Mortality Survivors (%) rate
Untreated control 7 5 58.33 42.00
PKAZ14 phage 6 6 50.00 50.00
C-®PKAZ14 NPs 2 10 16.70 83.33

PKAZ14 phage = naked bacteriophage, C-PKAZ14 NPs = chitosan
bacteriophage encapsulated nanoparticles. Total number of chicks per
group (n) = 12.

of C-®KAZ14 NP therapy on the mean weekly body
weight of the birds. A slight difference in body weight
was observed between birds treated with naked bacte-
riophage and those treated with C-PKAZ14 NPs on d
21 post challenge, and the difference among the treated
groups and the untreated control group was significant
(P < 0.05). These results were not different from the
replicate group (Table 1b).

Mortality in COBB 500 broiler chicks

The birds treated with C-®KAZ14 NPs had a mor-
tality of 16.7% (2/12) with a survival rate of 83.33%,
indicating that the treatment with C-®KAZ14 NPs
lowered the mortality in FEscherichia coli-challenged
birds treated with C-PKAZ14 NPs (Table 2a). In the
group treated with only naked ®KAZ14, the mortal-
ity was 50% and the survival rate was 50% (6/12).
However, in the untreated control group, the mortal-
ity rate was 58% (7/12) with a survival rate of 42%.
The mortality in Escherichia coli-challenged untreated
birds was higher 58.33% (7/12) than those challenged

with Fscherichia coli and treated with C-®PKAZ14
NPs or naked PKAZ14 bacteriophage. The C-PKAZ14
NP-treated group had the lowest negligible mortality
throughout the duration of the study.

Bacterial colonization and shedding in the
feces of infected Cobb 500 broiler chicks

On d 7, the fecal shedding of Escherichia coli de-
creased among the groups (P < 0.05). Fecal shedding of
Escherichia coli in the feces of C-PKAZ14 NP-treated
chicks decreased when compared with the ®KAZ14
bacteriophage-treated group and the untreated control
group (Table 3a). A comparable decrease in the bacte-
rial shedding among the groups was observed from d 7
until d 21 post challenge (P < 0.05). On d 21 post chal-
lenge, the bacterial shedding rate continued to differ
between the group with lowest shedding rate observed
in the C-®KAZ14 NP-treated group compared with the
naked ®PKAZ14 bacteriophage-treated and untreated
control groups. Furthermore, from d 7 to d 21 post
challenge, the bacterial shedding was different between
the ®PKAZ14 bacteriophage-treated and untreated con-
trol groups (P < 0.05). Interestingly, fecal shedding of
FEscherichia coli continued to be lower (P < 0.05) in
the C-PKAZ14 NP-treated group from d 7 to d 21 post
challenge compared with the ®KAZ14 phage-treated
group and the untreated control.

Similarly, a decrease in bacterial colonization was ob-
served. The efficacy of treatment was more pronounced
in the groups treated with C-®KAZ14 NPs and
®KAZ14 compared with the untreated control group.
A decrease in bacterial colonization (P < 0.05) was
observed between the C-®PKAZ14 NP-treated group
and the naked PKAZI14-treated and untreated control
groups. In the same vein, these results were not differ-
ent with the replicate group (Table 3b).

Viable bacterial count in lung, spleen and
blood of infected COBB 500 broiler chicks

In the control group, viable counts of APEC
OL:K1:H7 increased from d 7 to 28 in the lung,
spleen, and blood. In the ¢KAZ14 bacteriophage-
treated group, a decrease in viable counts of APEC
O1:K1:H7 was observed from d 7 to 28 dpi. The level
of decrease in APEC O1:K1:H7 in organs was appar-
ent in the lung followed by the spleen and blood. On
28 dpi a drastic decrease in viable counts of APEC
O1:K1:H7 was observed compared with d 7 to 21,
respectively. However, in the C- ¢KAZ14NP-treated
group viable counts of APEC O1:K1:H7 were low in
the blood, spleen, and lung on d 7 to 21, respectively.
The least viable counts of APEC O1:K1:H7 were ob-
served in the blood on 28 dpi followed by the spleen
and lung, respectively. There was no difference observed
between the results in the main and replicate group
(Table 4a,b).
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Table 3a. Weekly bacterial shedding rate (CFU) mean + SEM triplicates in feces of COBB 500 broiler
chicks infected with pathogenic Escherichia coli and treated with C-®PKAZ14 NPs.

Days post challenge

Group 7 14 21 Colonization

Untreated control ~ 2.35 x 10° £ 0.05*  2.29 x 10° £+ 0.01*  2.31 x 10°® + 0.01? 2.30 x 107 £+ 0.02*
OKAZ14 phage 1.95 x 10° £+ 0.04" 1.88 x 10° + 0.04> 1.95 x 10* 4+ 0.03" 1.76 x 10° + 0.03"
C-®PKAZ14 NPs 1.58 x 10% 4+ 0.06° 1.22 x 10®> + 0.04>  1.09 x 10% 4+ 0.10  0.79 x 10° + 0.10¢

PKAZ14 phage = naked bacteriophage, C-PKAZ14 NPs = chitosan bacteriophage-encapsulated nanoparticles.
*“values represent the mean + SEM triplicate of 12 birds per cage. Values within a column with different super-
scripts differ significantly (P < 0.05). Values represent the body weights of survivors.

Table 3b. Weekly bacterial shedding rate (CFU) mean + SEM triplicates in faeces of COBB 500 broiler
chicks infected with pathogenic Fscherichia coli and treated with C-®PKAZ14 NPs.

Days post challenge

Group 7 14 21 Colonization

Untreated control ~ 2.35 x 10° &+ 0.05*  2.29 x 10% + 0.01*  2.31 x 10° 4 0.01* 2.30 x 10° + 0.02
®KAZ14 phage 1.95 x 10° 4+ 0.04>  1.88 x 10° &+ 0.04" 1.95 x 10* & 0.03" 1.76 x 10° £ 0.03"
C-®PKAZ14 NPs 1.58 x 10° £ 0.06° 1.22 x 10° + 0.04>  1.09 x 10> £ 0.10>¢  0.79 x 10® £ 0.10°

PKAZ14 phage = naked bacteriophage, C-PKAZ14 NPs = chitosan bacteriophage-encapsulated nanoparticles.
#Cvalues represent the mean + SEM triplicate of 12 birds per cage. Values within a column with different super-
scripts differ significantly (P < 0.05). Values represent the body weights of survivors.

Table 4a. Mean + SD viable count of Escherichiia coli (O1:K1:HT) isolated from organs and blood of

infected 500 COBB broiler chicks.

Spleen Lung Blood®
Group DPI Mean CFU/g(mL) Mean CFU/g(mL) Mean CFU/g(mL)
Control 7 94.67 + 8.32° 103.33 + 10.40° 104.33 + 9.29°
14 154.33 + 42.47 161.66 + 43.68 162 + 43.55
21 399 + 13.52* 417 + 52.6* 432 + 72.64
28 464 + 53.73" 470.33 + 50.9" 496.33 + 76.13
PKAZ14 7 90.66 + 2.30* 100.67 + 0.57* 93 + 3.46
14 80.67 + 2.08 94 + 3.46* 90
21 60* 86.67 £ 10.01* 79.33 £ 1.15
28 56.33 + 5.68" 77 + 4.35" 80
C- PKAZ14NP 7 86 + 5.19° 87.33 + 4.16* 79 + 3
14 56.67 + 4.16* 66.33 £+ 4.50* 47.33 + 8.32
21 34.33 + 20.64° 44.67 + 15.53° 34 + 16.52
28 13 + 3.46 34 + 16.52" 9.33 + 1.15

)

2= including birds that died before sacrifice, *
tality and sacrifice, DPI = Day post infection, ¢KAZ14
nanoparticle protected bacteriophage.

DISCUSSION

The current research demonstrates the efficacy of
C-®KAZ14 NP therapy for the biological control and
reduction of bacterial colonization and shedding in fe-
ces of COBB 500 broiler chickens infected with APEC.
The findings are discussed.

Colibacillosis was experimentally reproduced with
APEC in one-week-old COBB broiler chicks using an
Avian pathogenic Escherichia coli type strain (APEC
O1:K1:H7). The strain was previously isolated from the
lung of a chicken clinically diagnosed with coli septi-
caemia (Johnson et al., 2007). The clinical symptoms
associated with this experimentally induced APEC in-
fection were inappetence, ruffled feathers, rales and
gasping for air, sitting on the hocks, and diarrhea. Sim-
ilarly, some birds were depressed and dishevelled in ap-
pearance. These clinical signs diminished in the groups

all survivor birds before sacrifice,

¢= all live birds before mor-

= unprotected bacteriophage, C-9pKAZ14NP = chitosan

treated with C-®PKAZ14 NPs compared with the un-
treated control group. In a similar study, Lau et al.
(2010) showed that bacteriophage therapy alleviates se-
vere clinical Colibacillosis in chicks.

The body weights of birds on d 7 post challenge de-
creased in all groups. During the initial stage of in-
fection, inappetance in the affected birds could lead
to decrease in growth performance as a result of re-
duced feed intake (Gomis et al., 1997). However, in-
crease in body weight was observed in the C-PKAZ14
NP-treated group compared with the untreated con-
trol on d 14 post challenge. This might be due to
the effect of treatment with C-®KAZ14 NPs, which
reduced the severity of infection and improved appe-
tence and feed intake leading to recovery and weight
gain. These findings were consistent with the reports
of Oliveira et al., (2010) who observed an increase in
the body weight of the bacteriophage-treated group
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Table 4b. Mean + SD viable count of Escherichiia coli (01:K11:HT7) isolated from organs and blood of

infected 500 COBB broiler chicks (replicate group).

Spleen Lung Blood*

Group DPI Mean CFU/g(mL) Mean CFU/g(mL) Mean CFU/g(mL)
Control 7 94.67 £ 8.32% 103.33 + 10.40* 104.33 + 9.29%

14 154.33 £+ 42.47* 161.66 + 43.68" 162 £ 43.55

21 399 £ 13.52% 417 £+ 52.6* 432 £ 72.64

28 464 + 53.73P 470.33 + 50.9° 496.33 £ 76.13
PKAZ14 7 90.66 £+ 2.30" 100.67 + 0.57* 93 + 3.46

14 80.67 £ 2.08* 94 £ 3.46* 90

21 60? 86.67 £+ 10.01* 79.33 £ 1.15

28 56.33 + 5.68" 77 + 4.35 80
C-OKAZ14NP 7 86 £+ 5.19% 87.33 £ 4.16* 79 £ 3

14 56.67 £ 4.16* 66.33 £ 4.50" 47.33 £ 8.32

21 34.33 £ 20.64* 44.67 £ 15.53* 34 + 16.52

28 13 + 3.46 34 4+ 16.52° 9.33 £ 1.15

2= including birds that died before sacrifice, P

= all survivor birds before sacrifice,

¢=all live birds before mor-

tality and sacrifice, DPI = Day post infection, $KAZ14 = unprotected bacteriophage, C-oKAZ14NP = chitosan

nanoparticle protected bacteriophage.

compared with the untreated control group. Simi-
larly, Atterbury et al. (2007) showed that bacterio-
phage administered at a high dosage was beneficial
to growth performance by reducing Salmonella enter-
itidis and Salmonella typhimurium in the cecal con-
tents. This result indicates that bacteriophage admin-
istered at a high concentration could improve feed
efficiency and growth, leading to increase in body
weight.

In the current study, the C-®KAZ14 NP-treated
group exhibited a lower mortality and a higher sur-
vival rate compared with the group that received
naked ®KAZ14 bacteriophage (mortality of 50.0 and
16.7%, and survival of 50.0 and 83.33%, respectively).
These results were lower when compared with the un-
treated control (with mortality and survival of 58.33
and 42.00%, respectively) (Table 3a,b). This success
could be attributed to the therapy with C-®PKAZ14
NPs. This might be due to due to the protection of
naked phages from inactivation by gastric acid and en-
zymes (Ma et al., 2008). It is likely that in the naked
®KAZ14 bacteriophage-treated group, some of the ad-
ministered phages were inactivated by acids or enzymes;
as such, the challenged birds were overwhelmed by in-
fection, leading to a mortality of 50%. Carvalho et al.
(2010) showed protecting phages against the effects of
acids or gastric juice increase their effects.

On colonization of challenged birds by FEscherichia
coli and the effects of bacteriophage treatment, the
treatment with C-®KAZ14 NPs was observed to
reduce bacterial colonization. Lower concentrations of
the Escherichia coli strain (O1:K11:H7) were observed
in the C-®KAZ14 NP-treated group compared with un-
treated control birds (P < 0.05, N = 12). This finding
is in concordance with the reports of Borie et al. (2009)
who showed the effects of a phage cocktail in reduc-
ing Salmonella enteritidis colonization in chicks, and
that bacteriophage supplementation reduces salmonella
colonization in broiler chickens; similarly, inclusion of

bacteriophage in feed reduces cecal Fscherichia coli
colonization in broilers (Huff et al., 2004; Atterbury
et al., 2007). It was also observed that fecal shedding
of Escherichia coli (O1:K11:HT) in chicks treated with
C-PKAZ14 NPs continued to decrease (P < 0.05) from
d 7 to 21 post challenge compared with chicks treated
with naked ®KAZ14 phage and the untreated con-
trol group. To lend credence to this finding, Wang
et al. (2011) observed that supplementation of the
broiler diet with bacteriophage increases lactobacillus
and decreases Fscherichia coli and Salmonella species
in excreta.

A decrease in viable counts of APEC O1:K1:H7 was
observed in the C- PKAZ14NP-treated group compared
with the ®KAZ14 and untreated control groups. Low
viable counts of APEC O1:K1:H7 were observed in the
blood, spleen, and lung on 28-d pi. However, at the be-
ginning of the study on d 7 pi the viable count was
high in the untreated control group. These differences
were attributed to the effect of C- PKAZI14NP treat-
ment. Huang and Mutsumoto (1999) observed higher
viable counts of APEC O1:K1:H7 in the lung followed
by liver, spleen, and blood in a vaccination evaluation
study. However, a lower viable count was observed in
the liver and spleen of the vaccinated birds than in
the control. In the current study, a decrease in the vi-
able APEC O1:K1:H7 count was observed in the in-
ternal organs and the blood of the group treated with
C- ®KAZ14 NP compared with ®KAZ14 and un-
treated control groups. However, a higher viable count
of APEC O1:K1:H7 was observed in the blood followed
by the lung and spleen of the infected, untreated control
group. This result showed that the therapeutic effect of
C- ®KAZ14 NP could be measured in an in vivo vi-
able count method that requires small samples and
produces quantitative results in a reproducible manner
compared to the method of assessing efficacy by mor-
tality or lesion (Huang and Matsumoto, 1999). The fact
that the lowest viable count was observed in the blood
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of C- PKAZ14NP- and PKAZ14-treated groups showed
that blood is a good medium in which ®KAZ14 bac-
teriophage could act to cause lysis of APEC O1:K1:H7
used in the challenge experiment. According to Briissow
(2005), and Gérski and Weber-Dabrowska (2005), bac-
teriophages can migrate through the mucosal surface
and even across the blood-brain barrier, thereby pro-
viding good protection to the host. The adsorption of
a phage to its host bacteria is more efficient in a highly
fluid environment such as blood, as compared with vis-
cous and solid environments (Joerger, 2003). Thus, this
could be the reason that viable counts were low in the
blood of C- PKAZ14 NP- and PKAZ14-treated groups.
But, viable counts were observed to be high in the blood
of the untreated control group. A viable count was ob-
served to be high in the lungs suggesting that the lung is
the prime target of APEC O1:K1:H7 before it gains en-
try and spreads to major organs causing Colibacillosis,
as such a high rate of viable count from this predilec-
tion site was possible. However, the effect of therapy
with C- PKAZ14NP and PKAZ14 was observed to de-
crease the viable count in the treated groups compared
with the untreated control. Similarly, a viable count of
APEC O1:K1:H7 in the spleen decreased from 7-d pi
to 28-d pi. A decrease in viable counts was observed
in C- PKAZ14NP followed by PKAZ14-treated groups
and was highest in the untreated control group. Even
though a higher viable count was observed in the spleen
in this group, the viable count is the lowest when it is
compared with the lungs. The spleen serves both as a
phagocytic filter as well as an antibody-producing or-
gan that helps to remove bacteria from the bloodstream
or sequester bacteria that are not as well opsonized
(Bohnsack and Brown, 1986); thus, a lower rate of iso-
lation in the spleen is possible even without treatment
with C- PKAZ14NP and PKAZ14.

CONCLUSION

In conclusion, the effects of C-®KAZ14 NPs, a po-
tential oral therapy for the treatment or control of Col-
ibacillosis caused by Avian pathogenic Escherichia coli,
have been demonstrated. Various concerns associated
with orally administered bacteriophages have been ex-
pressed by researchers. Orally administered bacterio-
phage could be inactivated by enzymes and acids along
the gastrointestinal tract. In this study, the PKAZ14
bacteriophage was encapsulated in chitosan nanopar-
ticles referred to as C-®KAZ14 NPs. The application
of C-®KAZ14 NPs showed promise in the biological
control of Colibacillosis. There was a reduction in the
bacterial colonization of the chicken intestines and in
shedding in the feces of the affected birds. In all, the
significance of this study in the production of healthy
chickens, enhancing the safety of foods of poultry ori-
gin and improving public health and food security, can
never be overemphasized. These findings have shed light
on these areas.
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