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Colibacillosis

Escherichia coli (E. coli) infections pose significant health risks to poultry and humans globally. In the face of an-
tibiotic-resistant strains, metal oxide nanoparticles and plant extracts have emerged as promising alternatives.
This study evaluated the effectiveness of copper oxide nanoparticles (CuO-NPs) and black elderberry extract
(BEE) against E. coli O78 infection in specific pathogen-free chicks. The birds were divided into four groups: a
negative control NC, a positive control (PC; challenged with E. coli O78), CuO-NPs treatment post-challenge,
and BEE treatment post-challenge. Various parameters, including clinical signs, organ lesions, bacterial load,
biochemical markers, and histopathology, were assessed. Both CuO-NPs and BEE demonstrated a reduction in
clinical morbidity, organ damage, and E. coli counts compared to the PC. However, BEE exhibited slightly greater
efficacy in alleviating liver and kidney dysfunction. Overall, CuO-NPs and BEE hold therapeutic potential against
avian colibacillosis, likely acting through antimicrobial and immunomodulatory mechanisms. These findings
underscore the potential of bio-based nanoparticles and plant extracts as safer, multi-modal alternatives to
antibiotics for avian colibacillosis. Further optimization and mechanistic studies are needed to support their
clinical application.
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Introduction

The persistent use of antibiotics has raised concerns due to its ad-
verse impacts on the environment, host immune suppression, the emer-
gence of drug-resistant bacteria, and the presence of antibiotic residues
in meat byproducts (ElImowalid et al, 2019). Escherichia coli (E. coli) are
a significant foodborne pathogen (Chodkowska et al., 2022), that is ac-
countable for a range of complex infections in both humans ( mild to
severe watery diarrhea, urinary tract infections, peritonitis septicemia,
Gram-negative bacterial pneumonia, and neonatal meningitis (Hammer-
um and Heuer, 2009; Allocati et al., 2013), and animals on a global scale.
The occurrence of avian colibacillosis is attributed to the presence of en-
terotoxigenic E. coli, particularly serogroups O1, 02, and O78 (Ateya et
al., 2019). The occurrence of this condition has been seen in many breeds
and age groups of chickens (Wang et al, 2017). According to Ateya et
al.,, (2019); Masood et al.,, (2021), several strains of E. coli O78 have the
ability to establish themselves in both the gastrointestinal and respiratory
tissues, leading to the development of multiple disorders within and be-
yond the intestines. The primary clinical manifestations of E. coli infection
in chickens involve a range of conditions, such as acute colisepticaemia
resulting in abrupt mortality, as well as sub-acute fibrinopurulent sero-
sitis occurring between 2 to 8 weeks of age (Hashem et al,, 2020). This
disease is additionally related to various conditions, including enteritis,
arthritis, septicemia, and complicated airsacculitis (Hashem et al., 2020).
Consequently, the global chicken industry experiences substantial eco-
nomic losses annually as a result of the disease’s high morbidity rates,
varying mortality rates, reductions in egg production, condemnations of
carcasses, and diminished bird performance (Wang et al., 2017; Ateya et
al, 2019).

The prolonged and consistent utilization of antibiotics can lead to ad-
verse environmental consequences, immunosuppression in the host, the
evolution of microorganisms resistant to several drugs, including those
commonly employed in human medicine, and the presence of antibiotic
residues and harmful compounds in meat byproducts (EImowalid et al,
2019). The emergence of antibiotic-resistant organisms causing colibacil-
losis escalated the public health concerns in numerous countries as this
threats the effective treatment of E. coli infections in humans (Hammerum
and Heuer, 2009; Allocati et al.,, 2013) , hence requiring the investigation
of alternative therapeutic methods and innovative tactics for addressing
E. coli infections (Mellata, 2013).

Nanotechnology has recently gained attention in biomedical re-
search due to its potential to address microbial infections and antibiotic
resistance (Sanchez-Lépez et al, 2020).Nanoparticles are characterized
as particles with sizes ranging from 1 to 100 nanometers (Sharif et al.,
2021). These particles possess unique physicochemical properties that
distinguish them from their larger counterparts (Wang et al,, 2020). The
distinctive characteristics of nanoparticles allow them to interact with the
bacterial cell wall without the need to penetrate the cell, consequently,
they may have a lesser capacity for promoting bacterial resistance com-
pared to antibiotics ( Wang et al,, 2017). Metal oxide nanoparticles have
been identified as an efficient method for controlling bacterial infections
(Jamil et al., 2016). The antibacterial capabilities of copper oxide nanopar-
ticles (CuO-NPs) have attracted considerable interest, primarily because
copper is a cost-effective metal with lower toxicity (Rubilar et al,, 2013).
The nanoparticles exhibit a high surface-to-volume ratio, which results in
heightened reactivity and higher antibacterial efficacy when compared to
traditional copper-based compounds, furthermore, it is worth noting that
CuO-NPs have unique physicochemical characteristics, such as a signifi-
cant surface charge (Nikolova and Chavali, 2020). This particular feature

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
ISSN: 2090-6277/2090-6269/ © 2011-2024 Journal of Advanced Veterinary Research. All rights reserved.




S.S. Elbasuni et al. /Journal of Advanced Veterinary Research (2024) Volume 14, Issue 3, 450-455

enables them to effectively engage with bacterial cell membranes and
induce disruptions in cellular integrity (Nikolova and Chavali, 2020). Pre-
vious studies has provided evidence on the efficacy of CuO-NPs in com-
bating a range of bacterial strains, including those that have developed
resistance to conventional drugs (Sharif et al, 2021). Nevertheless, the
extent to which they can be utilized as a therapeutic intervention for in
vivo E. coli infections has not been extensively investigated.

In recent years, research has been an increasing interest in exploring
the antibacterial effects of natural substances and plant-based extracts.
These compounds possess a wide range of chemical structures and bio-
logical activity that can be explored for their potential medicinal appli-
cations. According to a recent study conducted by Khan et al. (2022), it
has been found that the consumption of darkly colored fruits may en-
hance the body's defense mechanisms against infectious pathogens. In a
study conducted by Mohammadsadeghi et al. (2013), it was determined
that elderberry extracts possess antibacterial capabilities that are effec-
tive against a variety of bacteria, encompassing both Gram-positive and
Gram-negative strains. An example of a chemical that is of interest is sam-
bucol, which is a standardized extract of black elderberry obtained from
the Sambucus nigra plant (Najmi et al., 2022). Black elderberries extract
has historically been employed for its therapeutic features, encompassing
its antibacterial and immunomodulatory characteristics (Mohammadsa-
deghi et al, 2013; Mtynarczyk et al, 2018). The antibacterial character-
istics of black elderberries extracts have been shown to be associated
with its active constituents, including flavonoids, phenolic acids, and an-
thocyanins, which exhibit antimicrobial and antioxidant capabilities (Mo-
hammadsadeghi et al.,, 2013).. Moreover, studies have demonstrated that
black elderberries extract exhibits immunomodulatory properties by aug-
menting both the innate and adaptive immune responses (Mtynarczyk et
al., 2018). The immunomodulatory action exhibited by this substance is
believed to have a role in its efficacy against bacterial infections, as it is
thought to enhance the host's defense mechanisms (Mtynarczyk et al.,
2018). However, there is a lack of comprehensive research on the precise
impacts of black elderberries extract on avian E. coli infections.

In light of these considerations, our study aimed to comprehensively
investigate the effects of CuO-NPs and black elderberries extract on E.
coli infection in specific pathogen-free (SPF) chicks through a compara-
tive in vivo analysis. This research may provide valuable insights into the
development of novel therapeutic approaches for combating E. coli infec-
tions, offering promising alternatives to conventional antibiotics.

Materials and methods

Copper Oxide Nanoparticles preparation

A chemical reduction method was used for preparation of The CuO-
NPs following the procedure detailed by Khan et al. (2016). In brief, 0.1M
copper sulfate pentahydrate was introduced into 120 mL of a 1.2% starch
solution while vigorously stirring for 30 minutes. Subsequently, 50 mL of
0.2M ascorbic acid was added, and the mixture was stirred rapidly. This
was followed by the gradual addition of 30 mL of 1M sodium hydrox-
ide. The resulting solution was then heated to 80°C and maintained at
this temperature for 2 hours with continuous stirring until a noticeable
change in color to yellow ocher was observed. The CuO-NPs were subse-
quently recovered through filtration, washed thoroughly with deionized
water and ethanol, and finally dried at room temperature. The purity of
phase and crystalline size of the prepared CuO-NPs were determined by
X-ray Diffraction (XRD) Analysis using a (PAN-analytical), with Cu K-alpha
wavelength radiation (Scherrer, 2013).

Experimental birds and design

A total of 120 one-day-old White Leghorn Specific Pathogen-Free
(SPF) chicks were acquired from the Agricultural Research Center, Fay-

oum, Egypt. These chicks were accommodated in the laboratory animal
research center at Benha University's Faculty of Veterinary Medicine,
Egypt. These chicks were randomly divided into four groups, each con-
sisted of 30 chicks with five replicates (n=6 per replicate). The experimen-
tal groups included; 1) Negative control group (NC): Not treated and not
challenged; 2) Positive control group (PC): Challenged with E. coli O78; 3)
CuO-NPs treated group (CNP): Challenged and treated with CuO-NPs (1
g/lit. DW) for 5 days; and 4) Black Elderberry extract treated group (BEE):
Challenged and treated for 5 days with black elderberry extract (0.15 g/
lit. DW), obtained from Pharmacare, Inc., San Diego, USA.

At 14 days of age, all birds of all experimental groups were weighed.
Then, the birds in NC group were received 1 ml of normal saline solu-
tion and kept isolated during the experiment. Each bird in the challenged
groups (PC; CNP & BEE) was orally inoculated according to El-Boushy et
al. (2006) with E. coli O78 isolate (1.0x108 colony forming unit/ml) that
was friendly obtained from Microbiology Department, Animal Health Re-
search Institute, Egypt. Clinical signs and mortalities were assessed and
recorded on a daily basis for all experimental groups. Later at the 7-day
post-challenge (dpc), blood samples (n=5 per group) were aseptically
collected, and centrifuged at 3,000 rpm for 10 minutes, after which the
serum was carefully separated and preserved at -20°C until subjected to
further biochemical analysis. Moreover, five birds from each experimen-
tal group were weighed and then humanely euthanized to estimate the
following parameters:

Postmortem examination and lesion scoring

The humanely euthanized chicks were examined macroscopically and
the pathological changes in the different organs were recorded and the
lesions were scored following to Goren (1978): depending on the lesion
severity as (0-2) in heart, pericardium, peritoneum, liver and intestine; (0-
4) in air sacs and (0-5) in lungs. Moreover, the livers from the euthanized
birds were weighted to calculate their relative weight.

E. coli quantification

Lung tissue samples (n=5 per group) were aseptically excised from
euthanized birds. The samples were subsequently subjected to a tenfold
dilution by weight using sterile 0.90% physiological saline solution. Me-
chanical agitation was applied for 1 minute to ensure homogeneity. Sub-
sequently, all samples underwent serial dilution to achieve appropriate
concentrations for plating, as per the procedures outlined by Pham et
al. (2023).

Histopathological examination

Tissue sections from the lungs, liver, and intestine (5 specimens per
group) were collected from the euthanized birds, preserved in forma-
lin (20%), and later embedded in paraffin. Subsequently, sections with
a thickness of 3 um were prepared and subjected to Hematoxylin and
Eosin (H&E) staining, following the established protocols described by
(Bancroft and Gamble, 2008) followed by histopathological examination.
The scoring assessment was performed over 5 randomly selected fields of
different tissue sections using 10x and 20x objective lenses using a light
microscope (Leica DM3000; Leica Microsystems GmbH., Germany) and
applied according to the (0-5) scoring of Gibson-Corley et al. (2013) using
the following criteria: 1) normal histological structure, 2) mild patholog-
ical alterations, 3) mild to moderate pathological changes, 4) moderate
to severe pathological changes, and 5) severe pathological changes (Gib-
son-Corley et al., 2013).

Biochemical analysis

The study encompassed the evaluation of serum markers associated
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with liver and kidney functions. The enzymatic activities of glutamate-ox-
aloacetate transaminase (GOT) and glutamate-pyruvate transaminase
(GPT) were quantified through colorimetric assays conducted at a wave-
length of 505 nm. The assays were executed utilizing Sigma test kits, as
per the procedure described by Melesse et al. (2011). Moreover, levels of
creatinine and urea were determined following the protocol outlined by
Tovar et al. (2002).

Ethical approval

All animal procedures in this study adhered to the guidelines set by
the Animal Welfare Committee at Benha University's Faculty of Veterinary
Medicine (BUFVTM 19-04-23).

Statistical analysis

All data were analyzed as a completely randomized design by one-
way ANOVA using the statistical application SPSS version 20.0 for Win-
dows (SPSS, Inc., Chicago, IL, USA). Tukey's post hoc test (p<0.05) was
conducted to determine the significance level between the experimental
groups.

Results

The synthesized CuO-NPs underwent thorough characterization
via X-ray diffraction (XRD) analysis, employing a (PAN-analytical), with
Cu K-alpha wavelength radiation. The XRD pattern (Figure 1), displayed
distinct diffraction peaks at 26 values of 15.06°, 17.16°, 18.33°, 23.23°,
29.92°, 36.59°, 42.47°, 43.42°, 44.68° 50.41°, 61.54°, and 73.73°, which
corresponded to the (110), (111), (111), (200), (-220), (220), (311), (-311),
(220), (-311), (222), and (-222) crystallographic planes of monoclinic CuO
(according to JCPDS #48-1548). These observations unequivocally con-
firmed the formation of pure-phase CuO-NPs. Furthermore, the average
crystallite size was determined to be approximately 12 nm through the
application of the Scherer equation.
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Fig. 1. XRD pattern of synthesized CuO nanoparticles.

Body weight (BW) and weight gain (WG) significantly (p< 0.05) de-
creased in the PC group (510+9.08 and 105.8+5.41) in comparison to the
NC group (542+3.74 and 136.6+5.22) as shown in Table 1. The treated
challenged groups, CNP and BEE, showed improvement in BW and WG in
comparison to the PC group (p< 0.05). BW and WG of birds in BEE group
come close to the values recorded in the NC group while the best values
recorded in CNP group as 590+9.08 and 183.8+7.91, respectively.

Clinical signs recorded in the E. coli-challenged chicks were ruffled
feathers, inappetence, labored breathing with gargling sounds, and diar-
rhea. In the PC group, all birds suffered firstly from diarrhea at 2 dpc after
respiratory symptoms were recorded at 3 dpc. As well as they were in
poor performance observing a significant reduction in body weight and

weight gain. Otherwise, chicks in the CNP group had good performance
with no signs of diarrhea, although respiratory symptoms appeared lately
at 5 dpc. As for the BEE group, no respiratory symptoms appeared, and
diarrhea was recorded lately but to a lesser extent than what was record-
ed in the PC group in addition to being in good condition resembling the
NC group. There were no recorded mortalities in all experimental groups.

Table 1. Effect of CuO-NPs and black elderberry extract on body weight and
weight gain of E. coli challenged SPF chicks.

Item / Group* NC PC CNP BEE

BW at 0 dpc. 405.4+1.96 404.2+1.83 406.2+1.46 404.8+1.88
BW at 7 dpc 542.0+£3.74>  510+4.47°  590.0+9.08* 558.0+4.90°
WG at challenge time 136.6£5.22° 105.8+5.42° 183.8+7.91* 153.2+6.06°

Means with different superscripts (* > ¢ ®49) within a column are profoundly different at
p< 0.05. Values are given as the mean (n= 5) +SE. Values are given as the mean (n= 5)
+SE. *NC: non-treated non-challenged group; PC: Challenged with E. coli O78; CNP: chal-
lenged with E. coli O78 and treated with CuO-NPs in drinking water (1 g/L) 5 days after
challenge; and BEE: challenged with E. coli O78 and treated with BEE in drinking water
0.15 g/ liter for 5 days after challenge.

Postmortem findings of the humanly euthanized chicks in the PC
group at 7 dpc revealed pericarditis, air saculitis, hepatitis, enteritis, and
straw-colored fluid in the abdominal cavity. Otherwise, PM findings of
the examined organs in the treated groups with a somewhat apparent-
ly healthy or mild degree especially the liver, and intestine in the CNP
group and heart, lungs, and air sacs in the BEE group. A significant impact
of CuO-NPs and BEE treatment on visceral organ health following an E.
coli O78 challenge clearly observed with minimal lesion scoring (Table
2) as well as the non-treated, non-challenged group (NC) served as a
baseline with minimal organ damage, while the challenged group (PC)
exhibited substantial organ lesions. Notably, the group treated with CuO-
NPs showed improvements, including the absence of lesions in the heart
and liver. Moreover, the group treated with BEE displayed the lowest le-
sion-scoring values and an absence of lesions in major organs such as the
heart, liver, lungs, air sacs, spleen, and peritoneum.

The relative weight of liver significantly (p<0.05) increased in the PC
group (3.57+0.12) in comparison to the NC group (2.68+0.03) as shown
in Table 2. The CNP and BEE groups, showed decline (p< 0.05) in liver
relative weight (2.13£0.02 and 2.86+0.01 respectively) in comparison to
the PC group and come close to the values recorded in the NC group.

Table 2. Effect of CuO-NPs and black elderberry extract on macroscopic lesion
score, relative liver weight and E. coli count in lungs of E. coli challenged SPF
chicks.

g’r‘gﬁgf‘emal NC PC CNP BEE
Macroscopic lesion score

Heart 0.00£0.00°  0.80£0.20*  0.00+0.00>  0.000.00"
Air sac 0.00£0.00°  2.00£0.32*  1.40+0.400°  0.20+0.20°
Lung 0.00£0.00°  3.2040.38  2.40£0.93"  0.60+0.40bt
Liver 0.00£0.00°  2.00£0.00*  0.00£0.00°  0.00+0.00°
Spleen 0.00£0.00°  0.80£0.200° 0.40+0.25®  0.00+0.00°
Peritoneum 0.00£0.00°  0.20£0.200°  0.00£0.00°  0.00:0.00°
Intestine 0404025  1.60£0.25° 0.80+0.200  0.20+0.20°
Relativeliver 5 (010030 3.57£0.12¢  2.130.02  2.86:0.01°

weight

E. coli count in

1.5x10°%+0.29*  2.5x10°+0.29* 1.5x10°+0.00° 0.37x10°+0.13"
lung (cfu/ml)

Tukey’s test represents the least profound differences between different groups at probability
p<0.05. Means with different superscripts ®®49) within a column are profoundly different
at p< 0.05. Values are given as the mean (n= 5) +SE.

*NC: non-treated none challenged group; PC: Challenged with E. coli O78; CNP: chal-
lenged with E. coli O78 and treated with CuO-NPs in drinking water (1 g/L) 5 days after
challenge; and BEE: challenged with E. coli O78 and treated with BEE in drinking water
0.15 g/ liter for 5 days after challenge.
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From the data illustrated in Table 2, the total colony count of E. coli
in the lungs of the challenged birds in PC group was recorded the signifi-
cant (p<0.05) high value as 2.5x10°£0.29. While in both CuO-NP and BEE
groups, the E. coli count recorded as 1.5x10°+0.00 and 0.37x10%+0.13,
respectively that was markedly (p<0.05) lower than the PC group but
even similar to or close to the values reported in the NC group.

As depicted in Table 3 and Figure 2, the SPF chicks exposed to E.
coli O78 in the PC group exhibited notable histological alterations in the
intestine, liver, and lung (4.67+0.33, 5.00+0.00, and 4.00+0.58, respective-
ly), which were dramatically (p<0.05) in comparison to the NC group. The
PC group exhibited pronounced pathological alterations characterized by
severe enteritis, marked by a substantial influx of inflammatory cells and
fusion of intestinal villi. The observed group exhibited hyperplasia in the
intestinal glands, accompanied by a constriction of the intestinal crypts.
Additionally, the liver exhibited significant hepatitis, localized accumu-
lation of inflammatory cells, congestion of hepatic sinusoids, and com-
pressed hepatic cells. Furthermore, the lungs displayed a pronounced
pneumonia, as evidenced by the significant congestion of alveolar cap-
illaries and the presence of dense cellular exudates within the alveolar
cavities.

Table 3. Effect of CuO-NPs and black elderberry extract on the histopathologi-
cal scoring of E. coli challenged SPF chicks.

Experimental Group* NC PC CNP BEE

Intestine 1.67+0.33°  4.67+0.33* 2.67+0.33*  2.00+0.00"
Liver 1.00+0.00°  4.00+0.58* 2.33+0.0.33> 2.00+0.00"
lungs 2.00+0.00° 5.00+0.00* 2.00+0.00°  2.00+0.00°

Tukey’s test represents the least profound differences between different groups at proba-

bility p< 0.05. Means with different superscripts (* > *49) within a column are profoundly
different at p< 0.05. Values are given as the mean (n=5) +SE.
*NC: non-treated non-challenged group; PC: Challenged with E. coli O78; CNP: challenged
with E. coli 078 and treated with CuO-NPs in drinking water (1 g/L) 5 days after challenge;
and BEE: challenged with E. coli O78 and treated with BEE in drinking water 0.15 g/ liter
for 5 days after challenge.

Table 4. Effect of CuO-NPs and black elderberry extract on the biochemical
parameters of E. coli challenged SPF chicks.

Experimental Group* NC PC CNP BEE
GPT (U/) 23.67+0.33% 26.67+1.33® 29.00+0.57* 22.67+0.33¢
GOT (U/l) 165.67+3.38° 190.00+2.31* 191.33+2.96* 160.67+3.48°
Uric acid (mg/dl) 4.59+0.20°  6.01+0.34>  7.73+0.04*  4.43+0.35°
Creatinine (mg/dl) 0.38£0.00*°  0.38+0.02*  0.36+0.01*  0.38+0.01°

Tukey’s test represents the least profound differences between different groups at probability
p< 0.05. Means with different superscripts (*®**¢4) within a column are profoundly differ-
ent at p< 0.05. Values are given as the mean (n=5) £SE.

*NC: non-treated non-challenged group; PC: Challenged with E. coli O78; CNP: challenged
with E. coli 078 and treated with CuO-NPs in drinking water (1 g/L) 5 days after challenge;
and BEE: challenged with E. coli O78 and treated with BEE in drinking water 0.15 g/ liter
for 5 days after challenge.

The birds that received treatment in either the CNP or BEE groups
showed a profound (p<0.05) decline in the extent of histological damage
observed within their visceral organs, as compared to the PC group. In
the CNP group, the intestinal tissue exhibited a low score of 2.67+0.33,
indicating the presence of moderate enteritis that marked by a limited
number of infiltrations of inflammatory cells. In a similar vein, the liver
tissue of the CNP group obtained a mean score of 2.33+0.33, indicating
the presence of mild hepatitis represented by a few focal aggregations of
inflammatory cells and minor congestion in the hepatic sinusoids. In ad-
dition, the lungs exhibited a moderate pneumonia marked by congestion
of a limited number of alveolar capillaries. The corresponding score for
this condition in the CNP group was recorded lower as 2.00+0.00. Within
the BEE group, the histopathological examination and lesion scoring of
liver, intestine and lungs revealed non-significant changes in compared
with the NC.
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Fig. 2. Histopathological changes in visceral organs of E. coli challenged SPF chicks. His-
topathology of visceral organs showed st raw, (A) negative control showing mild enteritis,
(B) normal liver structure, (C) mild pneumonia (black arrow). The 2nd raw, (A) positive
control showing severe enteritis (red and black arrows), (B) hepatic focal lymphocytic ag-
gregations (black arrow), (C) severe pneumonia. The 3rd raw G3 CNP (A) showing mild
enteritis (black arrow), (B) normal liver structure, (C) mild pneumonia. The 4th raw G4
BEE showing (A) mild enteritis, (B) mild hepatic congestion, (C) mild alveolar congestion.

No observable (p>0.05) changes regarding to creatinine levels in all
experimental groups. Although the levels of uric acid and GOT increased
significantly (p<0.05) in the PC group (6.01£0.34 and 190.00+2.31, re-
spectively) in comparison with the NC group (Table 4), while the BEE
group recorded significantly (p<0.05) lower levels of GOT (160.67+3.48),
and uric acid (4.43+0.35) compared to the PC group but close to the
values reported in the NC group. In the other side, the values of uric
acid increased drastically (p<0.05) in the treated group with CuO-NPs
(7.73+0.04) compared to the levels recorded in PC group. Moreover, no
profound changes in the GPT and GOT levels between the CNP and PC
groups.

Discussion

Colibacillosis is a significant cause of illness and mortality in chick-
ens, leading to substantial economic losses in the poultry industry. The
indiscriminate use of antibiotics to combat poultry pathogens has re-
sulted in the emergence of antimicrobial resistance in E. coli, leading to
treatment failures. The increasing prevalence of antibiotic-resistant E. coli
strains further complicates treatment efforts, necessitating the explora-
tion of alternative therapeutic modalities (Masood et al,, 2021). This study
comprehensively evaluated the therapeutic potential of copper oxide
nanoparticles (CuO-NPs) and black elderberry extract against E. coli O78
infection in chickens.

In this study, the prepared CuO-NPs had an average crystallite size
of around 12 nm, as calculated using the Scherrer equation (Scherrer,
2013). Nano-crystalline character of CuO-NPs is shown by the existence
of sharp peaks and crystallite sizes less than 100 nm (Schladt et al.,, 2011)
that often exhibit size-dependent bioactivity, and this controlled synthe-
sis allowed us to produce uniformly dispersed particles with enhanced
antibacterial effects (Rubilar et al,, 2013).

The E. coli infection in this study showed negative drawbacks on the
challenged birds represented in body weight loss, respiratory and diges-
tive illness signs, high lesion scoring of internal organs, high relative liver
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weight, presence of E. coli O78 with high counts in lungs and disruption in
the liver and kidney functions (Tables 1-4), aligning with other reports of
Elnagar et al. (2021); and Pham et al. (2023). The recorded clinical damage
could be explained by the ability of E. coli to attach and invade the respi-
ratory tract epithelium and then its replication causing the production of
endotoxins as well as damaging to intact tissue (Srinivasan et al., 2014).
Subsequently, it invades the circulatory system, spreads throughout the
vital bodily organs, and induces substantial harm and lesions (Pham et
al., 2023). The kidney lesions identified in the present investigation may
potentially be attributed to vascular damage produced by the E. coli
endotoxin, as suggested by Srinivasan et al. (2014). Furthermore, prior
studies conducted by Abd El-Ghany and Ismail (2014); Tabatabaei et al.,
(2015) have reported significant detrimental changes in blood biochem-
ical markers of the liver and kidneys as a result of E. coli infection. The
observed results may be explained to the occurrence of hepatocellular
and renal impairment during the process of detoxifying E. coli bacterial
toxins (Srinivasan et al., 2014).

Treatment with the CuO-NPs had a significant (p<0.05) positive effect
on alleviating the negative impacts of E. coli challenge on the liver and
heart lesion scoring when compared to the PC group. Also, it helped in
keeping the liver relative weight near the value recorded in the NC and
significantly (p<0.05) lower than the PC group. CuO-NPs has succeeded
in reducing the microbial load of E. coli in the lungs of challenged birds.
In contrast, the challenged treated birds with CuO-NPs showed signifi-
cant (p<0.05) high levels of GOT, GPT and uric acid compared to NC and
BEE groups, and this could be the root cause for high kidney scoring in
the CNP group. The antibacterial effect of copper-based nanocomposite
was reported against Pseudomonas spp. in processed food (Longano et
al, 2012), and E. coli when loaded in cotton fabrics (Bajpai et al., 2012).
Moreover, the use of CuO-NPs at a size of 50 nm in vitro showed an-
tibacterial activity against salmonella and Campylobacter spp. isolated
from poultry (Duffy et al,, 2018). These results could be attributed to the
distinct physicochemical properties of CuO-NPs which can facilitate with
the lipopolysaccharide membrane of E. coli through electrostatic attrac-
tion between the nanoparticles’ positive surface charge and the bacterial
cell surface’s negative charge (Nikolova and Chavali, 2020). This disrupted
membrane integrity, increasing permeability and facilitating nanoparti-
cle penetration into cells, eventually impeding metabolic processes and
causing leakage of intracellular contents (Dizaj et al, 2014). Hence re-
ducing the number E. coli colonizing and invading the bloodstream to
visceral organs of the challenged birds.

Regarding the therapeutic efficacy of BEE against E. coli O78 chal-
lenge in chicks, the treatment showed significant (p<0.05) lowering of in-
ternal organs lesion scoring when compared to the PC group. Moreover,
it helped in keeping the liver relative weight near the value recorded in
the NC and significantly (p<0.05) lower than the PC group. BEE has suc-
ceeded in reducing the microbial load of E. coli in the lungs of challenged
birds. Furthermore, there was a reduction in GPT, GOT, and uric acid in
the serum of challenged treated birds. The previous researches have pro-
vided evidence of the antibacterial efficacy of black elderberry extracts
against several Gram-positive and Gram-negative bacterial strains be-
longing to the following taxa; Staphylococcus, Pseudomonas, Enterococ-
cus, Escherichia, Streptococcus, Klebsiella, Bacillus, Corynebacterium, and
Proteus (Mohammadsadeghi et al., 2013; Przybylska-Balcerek et al.,, 2021;
Has et al, 2023). The beneficial efficacy of elderberry extract could be
attributed to the existence of phenolic constituents such as anthocya-
nins, flavonoids, phenolic acids, polyphenols, and proanthocyanins, which
have a significant antioxidant effect, remove free radicals and combat
oxidative stress, anti-inflammatory and antibacterial activities (Kashi et
al,, 2019; Pascuta and Vodnar, 2022). Moreover, data from the specialized
literature attributed the antimicrobial effect to tannins and triterpenes,
as well as to peptides and oligosaccharides that are present in black el-
derberry (Hearst et al, 2010). Furthermore, it stimulated the production
of pro-inflammatory cytokines IL-1b, IL-6, IL-8, and tumor necrosis factor
TNF-a, as well as anti-inflammatory cytokine IL-10 by macrophages col-
lected from humans (Gramza-Michatowska et al.,, 2017). The documented
potent immune-modulating agents in elderberry extract as anthocyanins,
phenolic acids, and flavonoids, enable the extract to boost immunity
against protozoa, parasites, gram-positive bacteria, gram-negative bac-
teria, and viruses ( Khan et al., 2022).

Notably, early intervention with either CuO-NPs or BEE post-infection
inhibited E. coli colonization reduced associated clinical manifestations,
decreased pathological organ changes, and improved liver and kidney
function compared to infected non-treated chicks. This underscores their
therapeutic potential in clinical colibacillosis. However, the CNP group ex-
hibited a spike in uric acid levels, which warrants further safety evaluation.
BEE showed slightly greater efficacy overall, possibly due to its synergistic
antibacterial and immuno-protected mechanisms. Further studies should
aim to decipher their molecular mechanisms of action against E. coli using
omics-based approaches. Dose-optimization and pharmacokinetic char-

acterization are also needed to translate these findings into clinical appli-
cations. Investigating combination therapy with both nanoparticles and
phytochemicals could provide synergistic benefits against colibacillosis.

Conclusion

This study demonstrates the promising efficacy of CuO-NPs and BEE
against E. coli O78 infection in SPF chicks. Both modalities reduced clinical
morbidity, bacterial load, and clinicopathological changes by exploiting
their intrinsic antimicrobial and immunomodulatory properties. These
findings provide a framework for developing nanoparticle and plant-de-
rived regimens to combat colibacillosis and mitigate antibiotic resistance.
Further optimization and mechanistic studies in additional animal models
are warranted to support their clinical translation. Overall, this work high-
lights the potential of bio-based therapeutic approaches for improving
poultry health and treatment outcomes and reducing the environmental
footprint of antibiotic overuse.
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