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Abstract | Escherichia coli (E. coli) infection has significant public health impact on both chickens and human. Antibiotic resist-
ance as well as antibiotic residues in chicken meat are some of the negative outcomes of the traditional antibiotic-based approach 
to prevent and control bacterial infections. Therefore, the main goal of current investigation was to control the drug-resistant E. coli 
O6 infection using nano-production of zinc oxide (ZnO-NPs) in both in vitro and vivo studies. ZnO-NPs was applied in one day 
old specific pathogen free chicks to evaluate the antibacterial effectiveness of 50mg/kg ration dosage compared with colistin as com-
mercial antibiotic at 5 days old. E. coli serotype O6 was the highest prevalent and pathogenic multi drug resistant bacterial strain.The 
assessment parameters were clinical signs, post-mortem lesions and histopathological picture which showed effective role of ZnO-
NPs as bacterial inhibitor in the treated groups compared to control one. Quantitative analysis showed that ZnO-NPs significantly 
lowered gross lesion scores in the liver, cecum, colon, spleen, heart, and lungs compared to the E. coli-infected group. These findings 
solidified our central hypothesis which was to evaluate the antimicrobial and antioxidant efficacy of ZnO-NPs against pathogenic 
bacterial strain of E. coli in broiler chicken as a powerful, safe alternative to antibiotics.

Keywords: Nano-production of zinc oxide (ZnO-NPs), Specific pathogen free chicks, Escherichia coli (E. coli), Alanine aminotrans-
ferase (ALT), Aspartate aminotransferase (AST)
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INTRODUCTION

Recently, poultry producers has faced a great challenges 
in preserving the health and safety of their flocks due 

to the prevalence of various bacterial infections, particular-
ly those caused by Escherichia coli (E. coli) (Swelum et al., 
2021). Gram-negative pathogenic bacteria called E. coli are 
frequently found in the gastrointestinal tracts of chickens. 
These bacteria cause substantial economic losses, severely 
impair the growth performance of chickens, and can even 
be fatal, especially in young chicks who have just hatched 
( Jiddu Joseph et al., 2023). Because certain strains of E. coli 
are known to be zoonotic, these infections not only threat-
en the health of poultry but also have consequences for 
food safety and public health (Zachary et al., 2017). Several 
poultry species, specially, chickens, are particularly suscep-
tible to E. coli spp. infection owing to several factors such 
as high population density, stress factors, and bad breeding 
conditions (Mughini-Gras et al., 2018). 

Because E. coli infections in chickens can result in a range 
of clinical symptoms, such as respiratory, gastrointestinal, 
and reproductive problems, the poultry industry faces se-
vere financial losses because of the infected birds’ higher 
mortality rates, decreased growth rates, and decreased egg 
production (Kromann and Jensen, 2022) . Furthermore, E. 
coli-contaminated the poultry products as meat and eggs 
and pose a significant transmission of pathogenic E. coli 
strains from poultry to human (Raheel et al., 2022). Zo-
onotic transmission of E. coli raises critical concerns, as 
it causes a wide range of symptoms among people, from 
minor gastrointestinal distress to severe and perhaps fatal 
infections (Mellata et al., 2018). 

The extensive proliferation of antibiotic resistance has be-
come more alarming in recent years and presents a signif-
icant worldwide threat to public health, resulting in mil-
lions of fatalities worldwide (Abdus Salam et al., 2023). 
This problem increased when bacteria form biofilms, which 
can greatly enhance bacterial resistance up to 1000 times 
and contribute to multidrug resistance (MDR) infections. 
The control measures implementation can lead to emer-
gence of antibiotic- E. coli resistant strains, which increase 
the problem and reduces the available treatment choices for 
both poultry and human (Christodoulou, 2023). The lack 
of new powerful antimicrobial chemicals is connected to 
the growth in this resistance (Helal et al., 2023). Therefore, 
it is important to create new innovative alternative to pre-
vent and control E. coli infections in poultry, in order to 
protect the poultry industry and ensure public health care 
(Serwecińska, 2020). To tackle this issue, this study was 
searching about novel techniques that have antibacterial 
properties and a high level of safety. 

Nanotechnology has become a popular option because of 
its tiny particle size and enhances the absorption of ma-
terials. The use of nanoparticles show many optimistic re-
sults due to their unique physical and chemical properties, 
as well as their possible applications in disease prevention 
(Mubeen et al., 2021). Zinc is an essential micronutrient 
for health and biological procedures in the body. Inorganic 
forms of zinc, such as zinc oxide and zinc sulfate, have tradi-
tionally been used in poultry feed because it is inexpensive. 
However, its bioavailability is limited, which necessitates 
adding high levels to the feed which can lead to various 
problems (Hidayat et al., 2023). Zinc oxide nanoparticles 
(ZnO-NPs) have become an alternative for wider kinds 
of uses including veterinary field, however there are still 
concerns regarding their safety. ZnO-NPs have obtained 
considerable attention due to their antimicrobial properties 
and wide-ranging uses in industries such as agriculture and 
medicine (Xian-Qing et al., 2023). Contrasting to these 
findings, several additional research trials examining the 
positive impacts of zinc supplementation and didn’t record 
performance improvements. However, they generally no-
ticed an improved bird’s immunological state (Yogesh et al., 
2013). The central hypothesis for the this research was to 
assess the antimicrobial effectiveness of ZnO-NPs in vitro 
and in vivo against specific pathogenic bacterial strain of 
E. coli in broiler chicken as a potential alternative to anti-
biotics.

Therefore, this study aimed to investigate the zoonotic po-
tential of E. coli infection, different serotypes prevalence, 
the development ability of biofilms, antibiotic resistance of 
E. coli among chicken and human populations. The results 
of this study could be utilized to advocate for the utilization 
of ZnO-NPs as a potent alternative antimicrobial supple-
ment in chicken feed, given its safety, strong capacity to be 
absorbed by the body, and ability to kill bacteria. 

MATERIALS AND METHODS

Ethical Considerations
All procedures described in this study were ethically ap-
proved from the Ethical Approval Committee of the 
Faculty of Veterinary Medicine, Benha University, Egypt 
for the use of cell line, chicken, and human samples (No: 
BUFVTM 16-1-23). In this study we followed the ethical 
guidelines indicated by previously mentioned committee as 
the chicks were reared on caged system within a high level 
of sanitary conditions in segregated, cleaned, and disinfect-
ed rooms at the center of animal research at the faculty of 
Veterinary Medicine, Benha University, Egypt. 

Samples Collection
Chicken samples: two hundred polled surveyed random 
samples (lung and liver 100 pooled samples each) were 
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randomly collected from 100 diverse poultry farms in Qa-
lioubia governorate, Egypt. Qalioubia governorate is rec-
ognized as one of the most prominent governorates for 
poultry production in Egypt. Liver and lung samples were 
hygienically collected under complete aseptic conditions. 
Each individual organ was carefully collected into a sterile 
labelled packet in an ice bag at 4°C without any unneces-
sary delay for bacteriological analysis. 

Human samples: twenty samples (10 human urine samples 
and 10 nasal swab) were collected from persons who ad-
mitted to Benha Teaching Hospital at Qalioubia governo-
rate, Egypt. All samples were transferred to the lab into 
sterile labelled packets in an ice box at 4°C, for bacteriolog-
ical examination.

Bacteriological Isolation
For enrichment the collected samples were incubated in 
nutrient broth at 37°C for 24 h. The enriched samples were 
streaked on Eosin Methylene Blue agar (EMB) plates and 
incubated aerobically at 37°C overnight according to (Mar-
key et al., 2013). 

Biofilm Formation
Assessment of biofilm production was based on the dis-
tinctive appearance of colonies grown on Congo Red Agar 
(CRA) medium. Notably, colonies exhibiting a deep black 
hue, coupled with a dry and crystalline consistency, were 
indicative of robust biofilm production according to (Free-
man et al., 1989). 

Serological Identification of E. coli spp.
The serotyping process, pivotal for characterizing E. coli 
isolates that exhibited high biofilm production, was carried 
out using the slide agglutination technique. For serotyping, 
the “SEIKEN” antisera, a well-recognized reagent supplied 
by MAST ASSURE™, was employed. The serological re-
action was executed by combining a 24 h-old colony of the 
tested E. coli strain, previously cultured on nutrient agar, 
with a drop of physiological saline on a slide. The result-
ant mixture was emulsified using a loop and thoroughly 
mixed with a drop of the designated “SEIKEN” antiserum 
according to (Markey et al., 2013)..

Antibiotic Sensitivity Assay
A panel of antibiotics commonly used for E. coli infections 
in both chickens and human was selected such as Norflox-
acin, Gentamicin, DE Oxytetracycline, Chloramphenicol, 
Colistin, Trimethoprim + Sulfamethoxazole, Azithromy-
cin, Amikacin, Neomycin and Ampicillin Clavulanic Acid. 
The Kirby-Bauer disk diffusion method was employed to 
determine the sensitivity profiles of the four serotypes of 
isolated E. coli strains O1, O119, O6, and O44 to antibiot-
ics as described by Markey et al. (2013).

Zinc Oxide Nanoparticles (ZnO-NPs)
ZnO-NPs provided by the Nanoparticles Unit at the An-
imal Health Institute in Cairo, Egypt. The structure of the 
produced ZnO-NPs was analyzed using High-Resolu-
tion Transmission Electron Microscopy (HR-TEM). The 
ZnO-NPs’ physicochemical characteristics were examined 
via a UV-visible spectrophotometer (SHIMADZU-2600i, 
USA). The dimensions and electric charge of the produced 
ZnO-NPs were measured using a NANOTRAC-WAVE 
II Zeta sizer (MICROTRAC, USA). The surfaces plasmon 
resonance was measured by means of UV-Visual spectros-
copy, whereas the ZnO-NPs average particle size was cal-
culated via more than 300 particles with ImageJ software 
(National Institute of Health, Bethesda, MD, USA).

Cytotoxicity Assay
The cytotoxicity effect of ZnO-NPs was assessed apply-
ing the sulforhodamine B (SRB) assay, using Vero cell line 
obtained from Nawah Scientific Inc. Mokatam, Cairo, 
Egypt. Vero cells were cultivated in DMEM media with 
100 mg/mL streptomycin, 100 units/mL penicillin, and 
10% heat-inactivated fetal bovine serum. The cells were 
maintained at 37°C with 5% CO2. The cultured cells, con-
sisting of 5 x 103 cells, were placed in 96-well plates and 
allowed to grow in a nutrient solution for a period of 24 
h. After that, cells were exposed to different quantities of 
ZnO-NPs ranging from 0.01 µg/mL to 100 µg/mL that 
were suspended in the solution. After exposed for 72 h, the 
cells were treated with 150 µL of 10% trichloroacetic acid 
for fixation. Then, they were rinsed five times with distilled 
water. Then, 70 microliters of 0.4% solution of SRB dye 
were added to each well and kept in the dark condition 
at room temperature for 10 min. Following application of 
a 1% acetic acid wash and overnight air-drying, the pro-
tein-bound SRB stain was dissolved by the addition of 
150µL of 10mM TRIS solution. The measurement of ab-
sorbance was conducted at a wavelength of 540 nm using 
BMG LABTECH®- FLUOstar Omega microplate read-
er (Allam et al., 2018).

In vitro Study
Preparation of bacterial cultures and biofilm 
formation: The isolated E. coli O6 strain was cultured 
overnight in nutrient media. The overnight cultures 
of bacterial isolates were properly diluted to 1:100 in 
Tryptic Soy Broth (TSB) which enriched by 1% glucose, 
conducive to biofilm development. Subsequently, aliquots 
of approximately 100μL from these diluted cultures 
were carefully dispensed into wells of a sterile microtiter 
plate. The plate incubated for 48 hours to promote the 
development of a strong biofilm. (Basumatari et al., 2021).

Evaluation of antimicrobial and antibiofilm efficacy 
of ZnO-NPs: The evaluation of biofilm elimination 
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and antibacterial efficacy of ZnO-NPs performed using 
different concentrations of ZnO-NPs 100, 50, 25, 12.5, 
6.25µg/mL into microtiter plate. To create acceptable 
benchmarks, negative control wells without bacterial 
growth and positive control wells without ZnO-NPs were 
maintained for each isolate. The microtiter plate was then 
incubated in a controlled environment at a temperature of 
37°C for a duration of 24 h. The efficacy of ZnO-NPs in 
eliminating bacterial biofilms was assessed by inoculating 
samples onto nutritional agar and Congo Red Agar (CRA) 
media, using the method outlined by (Basumatari et al., 
2021).

In vivo Study
Animal model: One hundred specified pathogen free 
(SPF) one-day-old chicks were acquired from Al-Fayemi 
hatchery in Egypt. These chicks were reared in a battery 
system under strict hygienic circumstances in sanitized 
rooms at the Animal Research Center at Benha University’s 
Faculty of Veterinary Medicine. They were used for field 
assessment of ZnO-NPs in starter feed ration against E coli 
infection challenge. 

Experimental design: The chicks were divided into five 
distinct groups of twenty chicks per group. Group I served 
as the negative control which received no treatment, while 
group II represented the positive control for E. coli O6 
strain infection without any intervention. Chicks in group 
III were receiving ZnO-NPs at one day old till the end 
of experiment with a dose of 50 mg/kg in feed. Group IV 
was given colistin as commercial antibiotic in DW which 
coincide with the time of challenge at 5 days of age, each 
challenged chick in group (II), (III) and (IV) received 0.1 
ml of E. coli strain (5x1010) CFU for 3 successive days. 
Group V was designated as the ZnO-NPs toxicity group 
receiving ZnO-NPs in feed at concentration 50mg per 
kg. Daily activities included clinical observations, post-
mortem examinations, and monitoring of both living and 
diseased chicks. At the 5th day post-infection, all birds from 
each group were euthanized in accordance with ethical 
standards.

Lesions in internal organs such as heart, lung, intestine, 
and spleen were visually scored as per established proto-
cols (Peighambari et al., 1995). The identification and cul-
ture of bacteria were conducted utilizing tissue swabs that 
were obtained post-mortem from poultry in each group on 
the 5th day following infection. Bacterial re-isolation was 
executed employing the previously established isolation 
method. Histopathological examinations were conduct-
ed on samples from cecum, liver, lung, spleen, and heart. 
Additionally, comprehensive hematology and biochemical 
analysis were conducted, collected blood samples were de-
termined by spectrophotometer in which sera were sepa-
rated by centrifugation at 2500 RPM. for 15 min and kept 

in a deep freeze at -20°C till used for determination of 
the biochemical parameters: Serum L-MDA (Mesbah et 
al., 2004), liver function tests as serum AST, ALT (Mur-
ray, 1984) ALP ( John 1982) and serum urea according to 
(Patton and Crouch, 1977) Serum uric acid according to 
(Young, 2001). Serum Creatinine (Henry, 1974), serum to-
tal protein (Tietz, 1994), Albumin (Doumas et al., 1971), 
Enzymatic Antioxidants as CAT (Luck, 1974), Non-En-
zymatic Antioxidants as GSH (Moron et al., 1979).

Statistical Analysis
SPSS software (version 25.0; SPSS Inc., Chicago, IL, USA) 
was used for statistical analysis. The significance between 
the mean values was set at P < 0.05. We analyzed the sta-
tistical differences among treated and untreated groups by 
using Analysis of variance (ANOVA) according to (Booth 
et al., 1981). 

RESULTS AND DISCUSSION

Bacterial Isolation and Characterization
Twenty isolates tested positive for E. coli out of the 
100-chicken lung pooled samples that were examined. On 
the other hand, the prevalence rate of E. coli in the chick-
en liver samples (44%) was significantly higher than other 
samples. Regarding the human urine samples had preva-
lence rate of E. coli 30% higher than that of urine samples 
(20%) (Table 1).

Table 1: Prevalence of E. coli among different tested 
chicken samples.
Number of tested sam-
ples/tested organ

Total samples 
No.

Positive 
No.

Prevalence 
%. 

Lung 100 20 20%
Liver 100 44 44%
Urine 10 3 30%
Nasal swabs 10 2 20%

Biofilm Formation
Among twenty E. coli lung isolates, 5 were high-level bio-
film producers, as indicated by extremely dark colonies; 9 
were intermediate; and 6 were low-level biofilm producers. 
Eight of the liver isolates were very powerful, 25 were mod-
erately strong, and 11 were weak. Two of the urine isolates 
were very productive, and the third was a partial producer. 
Finally, the two isolates from nasal swabs were both potent 
biofilm formers (Figure 1).

Serotyping Using E. coli Polyvalent and 
Monovalent O Antisera 
The results revealed a predominance of strains belonging to 
serotypes O1, O6, O44, and O119. The isolates from lung 
samples, all 5 were typed as O6 and O119 serotypes. The 
8 isolates from liver samples were typed as O6, O119, and 
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O44 serotypes. The urine and nasal swab samples each had 
2 isolates belonging to the O1 and O6 serotypes (Table 2).

Figure 1: Prevalence of biofilm producers among different 
tested E. coli spp. positive samples.

Table 2: Serotyping of E. coli strains isolates that exhibited 
high biofilm production.
Sample Number of high 

biofilm producers
Serotyping

Lung 5 2 (O6), 3(O119)
Liver 8 2 (O6), 3 (O119), 3 (O44)
Urine 2 1(O1), 1(O6)
Nasal swab 2 1(O1), 1(O6)

Table 3: Antibiotic sensitivity testing results for 4 different 
E. coli serotypes - O1, O6, O119, and O44.
Antibiotic disc/ E. coli O1 O6 O119 O44
Norfloxacin R R R R
Gentamicin S R S S
De oxytetracycline S R R R
Chloramphenicol R R S S
Colistin S R S S
Trimethoprim + sulfamethoxazole R R S S
Azithromycin S S S S
Amikacin R R R R
Neomycin R R R R
Ampicillin clavulanic acid R R R R

R: Antibiotic-resistant, S: Antibiotic-susceptible

The Antibiotic Sensitivity Assay
The antibiotic sensitivity assay findings for four distinct se-
rotypes of E. coli, namely O1, O6, O119, and O44, are pre-
sented in Table 3 and Figure 2. Across the serotypes, there 
was a high level of antibiotic resistance. Norfloxacin, amik-
acin, neomycin, and the ampicillin-clavulanic acid combi-
nation were all resistant to all four serotypes. O6 exhibited 
the most widespread multi-drug resistance, being resistant 
to 9 of the 10 antibiotics examined. O1 has intermediate 
levels of resistance, with 6 antibiotics resistant. O44 and 
O119 exhibited the least antibiotic resistance, being sus-
ceptible to 5 of the 10 antibiotics tested, including Gen-

tamicin, Chloramphenicol, Colistin, Trimethoprim-sul-
famethoxazole, and Azithromycin. 

Figure 2: Antibiotic sensitivity assay of different antibiotic 
disks effect against E. coli serotype O6.

Characterization of ZnO-NPs
The results of Zetasizer showed that the average particle 
size of synthesized ZnO-NPs is 163.6 nm with a narrow 
size distribution (poly dispersity index (PDI) is 0.04). Sur-
face charge of synthesized NPs is -25.0 mV (Figure 3A) 
confirmed by TEM results showed spherical shape nano-
particles well dispersed without agglomeration ranged in 
size from 19.5 to 23.8 nm (Figure 3B). ZnO-NPs showed 
strong absorption beak at 371 nm with optical density of 
1.137 (Figure 3C).

Cytotoxicity Assay of ZnO-NPs
The cytotoxicity of synthesized ZnO-NPs was evaluated 
using Vero cell line through SRB assay at concentration 
ranged from 0.01- 100 µg/ml. In SRB assay, ZnO-NPs 
showed no observed toxicity till concentration of 100 µg/
ml that cells have the same characteristic features com-
pared to control ones and the cell viability rate ranged from 
103.177 to 93.0227 % at concentration ranged from 0.01 
to 100 µg/ml, IC50 concentration is >100 µg/ml (Figure 4). 

In vitro Antibacterial Activity and Antibiofilm 
Effects of ZnO-NPs
At a concentration of 50 µg/ml, ZnO-NPs exhibited signif-
icant antibacterial effects against E. coli serotype O6 which 
was identified as a multi drug resistant isolate (Figure 5A). 
Additionally, ZnO-NPs demonstrated antibiofilm activity 
against E. coli serotype O6 at a concentration of 6.25 µg/
ml (Figure 5B).
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Figure 3: Characterization of synthesized ZnO-NPs. (A) particle size pattern of synthesized NPs showing size 
distribution of ZnO-NPs of 163.6 nm, (B) TEM imaging of ZnO-NPs showed well dispersed spherical nanoparticles 
without agglomeration and size ranged from 19.5 to 23.8 nm, Scale bar = 100 nm.(C) UV analyses of synthesized ZnO-
NPs at wavelength range of 200-1000 nm showed absorption peak at 371 nm.

Figure 4: SRB cytotoxicity assay of ZnO-NPs at different 
concentrations ranged from 0.01 to 100 µg/ml

In vivo Study
Clinicopathological picture: In control E. coli serotype 
O6-positive group, chicks showed depression, pasty 
vent with severe profuse whitish and greenish diarrhea, 
respiratory manifestation as swelling of infraorbital sinus, 
conjunctivitis, and nasal discharge in some birds. While 
post-mortem lesions revealed petechial hemorrhage in the 
liver with impacted cecum along intestinal tract mainly at 

Figure 5: (A) Different concentration of ZnO-NPs 
showed antibacterial activity against E. coli serotype O6, (B): 
Antibiofilm activity of ZnO-NPs against E. coli serotype 
O6.
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Figure 6: Effect of ZnO-NPs on clinicopathological findings of SPF chicks infected with E. coli serotype O6 at 5 dpi. 
control negative (I), E. coli infection control positive (II), ZnO-NPs treatment (III), Colistin treatment (IV ). Comparison 
in pathological picture showed pasty vent with severe profuse whitish and greenish diarrhoea in group II, control group 
(I) normal anatomical structure, control positive group (II) showed marked petechial hemorrhage congested liver as 
similar picture of colistin treated group (IV), while in ZnO-NPs there is no marked changes in liver. In cecum, showed 
enteritis with distended cecum with gas in colistin treated group and in control positive group, whereas Zno-NPs showed 
similar picture as control negative group (I). 

duodenum and jejunum. Treatment with Colistin sulphate 
effectively mitigated the severity of clinical symptoms, 
although liver congestion persisted. In contrast, ZnO-NPs 
treated group resulted in no clinical signs and a near-normal 
appearance of internal organs, show casing its protective 
effects (Figure 6).

Quantitative analysis revealed that ZnO-NPs significantly 
reduced gross lesion scores in various organs compared to 
the E. coli-infected group, including the liver, cecum, intes-
tine, spleen, heart, and lungs, suggesting their potential in 
mitigating E. coli serotype O6 infections in chicks. In the 
colistin treated group, revealed congested liver in compar-
ison with ZnO-NPs group, there is no marked changes in 
the liver. In case of cecum, control positive group (E. coli se-
rotype O6 infected) showed enteritis with distended cecum 
with gas in comparison the zinc oxide nanoparticle normal 

content of cecum as demonstrated in Table 4.

Histopathological picture: Histopathological 
examination across different organs revealed diverse 
outcomes, all examined organs from the negative control 
group (I) have typical histological alterations. While in 
E. coli-infected group (II), liver showed focal to diffuse 
areas of hepatocytic necrosis, eosinophilic fibrillar masses, 
infiltration of inflammatory cells and fragmented nuclei or 
complete nuclear absence indicative of severe tissue damage. 
ZnO-NPs treated group revealed preserved hepatic structure 
with minimal changes while, colistin treatment mitigated 
necrosis and inflammation. However, a toxic dose of ZnO-
NPs induced mild to moderate hydropic vacuolization and 
portal area thickening. Lung tissue examination showed 
that chickens infected with E. coli displayed significant 
lung tissue alterations, including serofibrinous exudates, 
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Table 4: Gross lesion score in internal organs at 5th day post infection scorings.
Organs Postmortem findings Groups

Group I Group II Group III Group IV Group V
Liver Congestion Petechial haemorrhage 0d 3.6±0.33a 1.2 ±0.5c 1.67±0.3b 3.2±0.2 ab

Lung Pneumonia 0d 3.4±0.33a 1.1±0.33c 2.33±1.15bc 2.6±0.33ab

Spleen Congestion Mottled appearance 0d 2.9±0.5a 1.33±0.44c 1.4±0.4c 2.67±1.31b

Cecum Impacted cecum Caecal core 0d 2.67±1.32a 1 ±0.37c 1.2±0.16c 2.1±0.3bc

Heart Inflammation Haemorrhage 0d 3±0.49a 0.67±0.44c 1.4±0.8c 1.33±0.33b

Post-mortem lesion scores mean the following: (0) no, (1) mild, (2) moderate, and (3) severe lesion, was expressed as mean 
± standard error. control negative (I), E. coli infection control positive (II), ZnO-NPs treatment (III), Colistin treatment 
(IV) and ZnO-NPs toxic dose (V).

cellular debris, neutrophil accumulation, and alveolar 
interval was widened with dilated and congested capillaries. 
ZnO-NPs maintained pulmonary structure while, colistin 
treatment alleviated symptoms, limiting infiltration. In the 
spleen, E. coli-infected groups displayed notable changes, 
included a reduction in certain regions, accompanied by 
lymphocyte apoptosis and the presence of nuclear debris 
ZnO-NPs caused mild expansion of blood sinusoids 
whereas, colistin treatment resulted in lesser lymphoid 
depletion. A toxic dose of ZnO-NPs significantly dilated 
blood sinusoids in the red pulp. Cecum tissue examination 
revealed that chickens infected with E. coli showed severe 
desquamation of the lining epithelium and necrotic debris 
mixed with inflammatory cells. ZnO-NPs treatment 
maintained a healthy cecum structure while, colistin 
treatment reduced changes and showing mild leukocytic 
infiltration, in toxic dose of ZnO-NPs group resulted in 
epithelial desquamation. In heart tissue examination, 
control group (II) showed that focal areas of disrupted 
and fragmentated cardiac muscle fibers with mononuclear 
inflammatory cells indicating an inflammatory response. 
On other hand, both ZnO-NPs and colistin treatments 
preserved overall heart muscle structure. Although a toxic 
dose of ZnO-NPs caused mild myocardial fibre changes as 
shown in Figure 7 and Table 5.

Biochemical Analysis
Table 6 showed the significant differences (P < 0.05) among 
the treatment groups in serum AST, ALT, ALP, TP, Albu-

min, Globulin, Urea, Creatinin and Uric acid levels. There 
was significant decrease in AST, ALP, ALT, Creatinin and 
Uric acid serum levels and significant increase in TP, Glob-
ulin, albumin and Urea levels in E. coli infected group and 
Zno-NPs treated group. On the other hand, there was no 
significant difference between E. coli infected group and 
colistin treated group except for ALT, AST, urea serum 
levels. Additionally, uninfected Zno-NPs toxic dose group 
showed significant decrease in ALT, TP, Albumin, globulin, 
Urea and uric acid levels and showed significant increase in 
AST, ALP and Creatinin levels when compared with con-
trol negative group. The results revealed that the lowest lev-
el of AST and A/G ratio showed in infected group treated 
with ZnO-NPs when compared to the other groups.

Table 5: Grading and scoring of histopathological lesions 
of examined sample.
Treatments Degenerative and

necrotic changes 
of hepatocytes

Inflamma-
tory cells 
infiltration

Hepatic
vasculatures/ 
sinusoidal 
dilatation

Group (I) - - -
Group (II) +++ + -
Group (III) - - -
Group (IV) + -
Group (V) ++ -

Table 6: Effect of different treatment on liver and kidney function tests in SPF chicks infected by E. coli.
Group/Parameter ALT

(U/L)
AST
(U/L)

ALP
(U/L)

TP
(g/dl)

Albumin
(g/dl)

Globulin 
(g/dl)

A/G ratio Urea
(mg/dL)

Creatinin
(mg/dL)

Uric acid
(mg/dL)

Control negative group 19.33
±1.45b

84.33
±1.45ab

1298.66
±13.56c

4.93
±0.04a

2.31
±0.05bc

2.58
±0.01a

0.89
±0.02d

21.06
±0.37b

0.45
±0.01cd

8.16
±0.31a

Control positive group 24.66
±2.60a

93.00
±6.35a

1391.00
±8.08a

4.12
±0.02b

2.40
±0.02abc

2.04
±0.03b

1.02
±0.02abc

20.30
±0.40b

0.47
±0.01bcd

7.36
±0.49ab

E. coli and ZnO-NPs 
group

16.66
±3.75b

65.66
±13.56b

1312.00
±6.92b

4.61
±0.16ab

2.08
±0.01d

2.37
±0.23ab

0.93
±0.03cd

24.40
±0.46a

0.45
±0.02cd

6.03
±0.81cd

Clostin treated group 19.00
±1.15b

89.66
±3.75ab

1376.66
±20.49ab

4.84
±0.35a

2.47
±0.11ab

2.59
±0.11a

1.05
±0.05ab

20.00
±0.46b

0.43
±0.01d

5.76
±0.08cd

ZnO-NPs toxicity 36.66
±2.60a

90.66
±2.02a

1371.00
±7.23ab

4.99
±0.13a

2.29
±0.08bc

2.32
±0.08ab

0.98
±0.003bcd

20.16
±0.49b

0.51
±0.01ab

5.50
±0.05cd
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Figure 7: Illustrates the histopathological differences in liver (A), lung (B), spleen (C), cecum (D) and heart (E) across 
five groups: control negative (I), E. coli infection control positive (II), ZnO-NPs treatment (III), Colistin treatment (IV) 
and ZnO-NPs toxic dose (V). The control group exhibited normal tissue structures in all organs. In the E. coli infection 
group, significant hepatic necrosis and inflammation, lung serofibrinous exudates with neutrophil accumulation, spleen 
lymphocyte apoptosis with reduced mass, severe cecum epithelial desquamation and necrosis, and disrupted cardiac 
muscle fibers were observed. ZnO-NPs treatment maintained structural integrity in most tissues but resulted in minimal 
pathological changes in the liver and cecum. Colistin treatment ameliorated these effects, showing reduced liver necrosis 
and inflammation, mild lung heterophil infiltration, lesser lymphoid depletion in the spleen, and mild heart disruptions 
while preserving cecum structure. However, a toxic dose of ZnO-NPs induced moderate liver hydropic vacuolization, 
lung epithelial cell desquamation, significant dilation of spleen blood sinusoids, and myocardial fiber degeneration in the 
heart.

Regarding antioxidants, E. coli infection induced oxidative 
stress, as evidenced by elevated levels of MDA and catalase 
and decreased GSH. ZnO-NPs further increased these 
antioxidant markers, indicating enhanced antioxidant de-
fences in response to infection. Colistin drug increased 
MDA and catalase levels but decreased GSH, suggesting 
a different antioxidant response. When ZnO-NPs were 
administered without infection, they increased MDA, 
catalase, and GSH levels compared to controls, indicating 
their influence on antioxidant parameters independently. 
These comprehensive results highlight the effectiveness of 
Colistin and ZnO-NPs in mitigating the impact of E. coli 
infection in chickens, offering valuable insights into poten-

tial therapeutic strategies and the associated biochemical 
responses (Table 7).

Infectious microorganisms provide a significant challenge 
to the poultry business since they negatively impact growth 
rate, efficiency, and result in substantial economic losses es-
timated by several millions $ due to enteric infections such 
as E. coli infection (Kromann and Jensen, 2022). The poul-
try industry frequently uses antibiotics as growth promot-
ers and to control pathogenic microbes. Nevertheless, the 
extended utilization of antibiotics resulted in the develop-
ment of antimicrobial resistance (Raquel et al., 2023), and 
the possibility for transmission to humans and the sharing 
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of genes for resistance between multiple kinds of bacteria 
resulted in the emergence of MDR (multidrug-resistant) 
bacteria (Helal et al., 2023). Multidrug resistant bacteria 
are a major problem because they are resistant to multiple 
antibiotics which affect public health, veterinary medicine 
and agriculture. MDR bacteria affects a wide and diverse 
area as it is not limited to a specific region or group of 
people (Catalano et al., 2022). As a result, there have been 
global efforts to develop new and improved antimicrobial 
drugs, as well as creative and efficient methods for admin-
istering antibiotics. Combating MDR bacteria is possible 
only with the help of the complex use of traditional and 
non-traditional approaches. Thus, probiotics, bacterio-
phages, nanoparticles, and AMPs are different strategies 
with their benefits and limitations. Further studies and in-
novations in these areas and other novel approaches are 
believed to offer better and lasting strategies to tackle an-
tibiotic resistance on an international level. (Zeinab and 
Rafik, 2023). 

Table 7: Effect of different treatments on antioxidants 
parameters in SPF chicks infected by E. coli

MDA 
(n.mol\ul)

CAT(u\l) GSH(u\l)

Control negative group 1.27±.08d 15.66±.18de 3.79±.02b

Control positive group 1.55±.08bcd 15.89±.65cd 3.78±.16b

E. coli and ZnO-NPs group 2.67±.03a 21.47±.37a 4.25±.06a

Clostin treated group 2.32±.10ab 16.95±.45c 2.11±.03d

ZnO-NPs toxicity 1.46±.03cd 18.33±.44b 4.14±.06a

Mean values with different superscript letters in the 
same row are significantly different at (P<0.05). Data 
are presented as (Mean ± Standard error). Antioxidants: 
Serum L-Malondialdehyde (L-MDA) (MDA (n.mol\ul), 
Catalase CAT(u\l) and Reduced Glutathione GSH(u\l)

A possible use in the poultry business is using trace min-
erals, particularly Zinc oxide in the form of nanoparticles 
ZnO-NPs, as a suitable alternative to bigger particles. The 
inclusion of ZnO-NPs in the diet of broiler chickens led 
to improved zinc uptake and bioavailability of Zn and 
shown potential antibacterial properties against the many 
pathogens (Hidayat et al., 2023). This study compared the 
efficiency of ZnO-NPs as antibacterial and antibiofilm 
against E. coli O6 serotype isolated from chickens and hu-
mans, in vitro with colistin. It also reviewed the side effects 
on the liver and kidney functions, antioxidants and toxicity 
when used as a dietary supplement.

The isolation results in this study showed that 44% of the 
samples were positive for E. coli by which the previous 
studies also reported that E. coli was highly prevalent in 
poultry, for example 66. 3% prevalence which was observed 
by Abdelkarim et al. (2020). This underlines the impor-
tance of poultry as the most common source of pathogenic 

and antibiotic-resistant E. coli strains that can be transmit-
ted to humans through the food chain or physical contact 
(De Mesquita et al., 2022). The higher isolation rates from 
poultry samples imply that perhaps, eradicative hygienic 
measures and public health interventions are more effec-
tively controlling the spread of E. coli in humans than in 
birds (Reed et al., 2023). 

The prevalence of the highly capable biofilm producers E. 
coli. strains in different sample sources highlight the need 
of minimizing contamination, as biofilms have been linked 
to increased antibiotic resistance and virulence (Murug-
esan et al., 2022). The results revealed that the predomi-
nance of E. coli strains was present in serotypes O1, O6, 
O44, and O119. Lung samples which were positive for of 
5 isolates, all of which were of serotypes O6 and O119. 
All the 8 liver isolates were further identified into the se-
rotypes O6, O119, and O44. Urine samples and nasal swab 
had two isolates of serotype O1 and O6. The junction of 
these data suggests the potential for zoonotic transmission 
among diverse hosts. There is several evidence that support 
the fact that retail chicken meat can transmit pathogenic 
E. coli to humans (Dipak et al., 2021). 

Antibiotic resistance exhibited a remarkable prevalence 
within different serotypes; however diverse resistance 
patterns were detected. Serotype O6 showed multidrug 
resistance against all tested antibiotics except Azithromy-
cin. The occurrence of multidrug resistance in O6 is quite 
troublesome and suggests the probable idea for antibiot-
ic selection for local poultry industry (Veloo et al., 2022). 
These findings highlight the need for tailored strategies to 
tackle antibiotic resistance in chickens recorded in various 
serotypes of E. coli.

The physicochemical profiles of synthesized ZnO-NPs 
were carefully investigated that would help to understand 
their possible antibacterial and antibiofilm activities. Fur-
ther characterization as well as analysis using XRD test 
proved that the ZnO-NPs are crystalline and the atomic 
structure matches the previous literature works (Król-Gór-
niak et al., 2023). The shape, nanostructure, size, and dis-
persion of the NPs were investigated using TEM where it 
was confirmed that the ZnO-NPs were successfully syn-
thesized (El-Ghwas et al., 2022). Due to the smaller size 
of ZnO-NPs they have a large surface area to volume ratio 
which makes them more reactive and more capable to ab-
sorb more. This enhanced reactivity is essential for their 
antibacterial property since the destruction of bacterial cell 
membrane and interference of biofilm formation is directly 
proportional to the reactivity between the NPs and bac-
terial cells. Also, the large surface area provides a better 
opportunity to interact with microbial cells; this attribute 
increases the ZnO-NPs to penetrate and erode biofilms, 
making them suitable for use as antibiofilm agents (Hi-
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dayat et al., 2023). These property understandings can well 
account for the antibacterial and antibiofilm effects evi-
denced in ZnO-NPs. 

Determining the biocompatibility of Vero cells requires 
first evaluating their cytotoxicity. In vitro tests on ZnO-
NPs cytotoxicity against cell lines proved its cytotoxicity. 
From cytotoxic perspective, the ZnO-NPs are suitable for 
therapeutic applications due to their high cytocompatibil-
ity, as showed by their high cell viability IC` 54W32 value 
across the concentration range and lack of noticeable tox-
icity (De Berardis et al., 2010; Martinez et al., 2011).

The antibacterial and antibiofilm characteristics of ZnO-
NPs were determined in vitro by testing them against E. 
coli serotype O6 isolates. The results indicated that 50 µg/
ml had strong antibacterial effects and 6.25 µg/ml was ef-
fective in breaking up biofilms. Helal et al. (2023) inves-
tigated how quickly nano formulations can pass through 
biological barriers, such as biofilms, due to their small size, 
large surface area, and intense reactivity. These nano-for-
mulations show promise for treating multidrug-resistant 
(MDR) pathogens and decreasing biofilm development. 
They also show a high preference against bacterial cell 
walls. Antibacterial mechanism of ZnO-NPs as shown by 
Krishnamoorthy et al. (2022), who involves making more 
malondialdehyde and reactive oxygen species (ROS) ef-
fects in bacterial cells. Which leads to membrane perox-
idation, decreased permeability, denaturation of intracel-
lular proteins, DNA damage, and membrane leakage. The 
information we’ve gathered supports the conclusions of 
(Mohd Yusof et al., 2020; Ashengroph et al., 2020), who 
also documented that ZnO-NPs had notable antibacterial 
effects against foodborne pathogens such S.aureus , E.coli, 
and Salmonella spp. that are important to poultry. Accord-
ing to these findings, ZnO-NPs may eventually take the 
place of traditional antibiotics in the raising of chickens. 
We investigate the impact of giving one-day-old SPF 
chicks 50 mg ZnO-NPs /kg of feed based on the earlier 
findings. Evaluating this supplementation to the commer-
cial antibiotic colistin, we will examine whether it func-
tions as an antibacterial agent against multidrug-resistant 
E. coli serotype O6. 

At the time of the bacterial challenge, the results showed 
that ZnO-NPs successfully decreased clinical symptoms 
and post-mortem lesions, suggesting its potential for ther-
apeutic use. These results are agreed with earlier research 
that demonstrated ZnO-NPs antibacterial properties in 
living organisms (Hameed et al., 2016). Our study’s re-
sults are consistent with those of Hidayat et al. (2023), 
who showed that ZnO-NPs had antibacterial properties 
against gastrointestinal infections in broiler chickens, in-
cluding Enterococcus spp. and E. coli. ZnO-NPs is safe and 

does not upset the balance of commensal bacteria, hence 
they advised using it at a dosage of 100 mg/kg. Li et al. 
(2021) and Long et al. (2022) have also revealed equiva-
lent outcomes, demonstrating that high bioavailability zinc 
supplements improve antioxidative activity and less liver 
damage in animals. Furthermore, our results are consist-
ent with theirs because none of the treatment groups’ liver 
samples showed any symptoms of hepatotoxicity, such as 
hepatic bleeding or swelling.

The biochemical changes seen were a significant increase 
in the liver enzymes, aspartate aminotransferase (AST) 
and alanine aminotransferase (ALT); also seen was a sig-
nificant decrease in the total serum protein, albumin and 
globulin. These changes suggest hepatocellular injury, and 
this could have a negative impact on the overall health and 
productivity of the poultry because the liver plays an im-
portant role in the metabolisms of protein. In compari-
son with the group III treated with ZnO-NPs, the level of 
which significantly decreased in globulin, albumin, AST, 
ALT, ALP and TP, the A/G ratio of the control positive 
group II sharply increased. This implies that there is a dif-
ferential effect to ZnO-NPs, which calls for evaluation of 
dosage to prevent hepatotoxic effects. In the ZnO-NPs 
hazardous dosage group V, all the investigated biochem-
ical parameters such as ALT, AST, ALP, TP, albumin, and 
globulin were found to be increased showing signs of liver 
stress not even when but by the toxic effect of ZnO-NPs 
alone. But there was relatively close similarity with the in-
fected group IV treated with colistin, which indicates that 
both treatments are equally likely to have toll on the bio-
chemical stress in the liver. 

These results are in support with Sonwane et al. (2017) 
where they presented that hepatocellular damage could 
have caused hepatocyte membrane damage associated with 
hepatocyte content leakage during the detoxification of E. 
coli and bacterial toxins. This might partly explain why the 
liver enzymes are highly raised, which are very key indica-
tors of liver dysfunction. AST and ALT enzymes as bio-
markers in toxicological investigations are very sensitive to 
reveal that an enlarged liver is a sign of an underlying dis-
ease that suggests inflammation of the organ. In addition, 
the effects of the observed decrease in serum total protein, 
albumin and globulin levels would be to suggest that liver 
synthetic function is impaired in the face of the growing 
broiler industry and their overall health and productivity 
could be adversely affected. Kaneko et al. (1997) noted that 
renal affection and hepatocyte damage can cause failure in 
the plasma protein synthesis and therefore, protein losses 
due to low serum urea, uric acid, and creatinine. 

Antioxidant activity and stress response are the two im-
portant factors that affect the health and production of 
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poultry. In this study, the E. coli infection group treated 
with ZnO-NPs had the highest MDA, GSH in serum 
and significantly higher CAT level (P < 0. 05). The CAT, 
MDA, and GSH of Group V were significantly higher 
than those of the control group after the exposure to a 
more toxic number of ZnO-NPs. These enzymes include 
glutathione (GSH) that help in removal of free radicals 
and catalase (CAT) that help in the removal of hydrogen 
peroxide which are forms of oxidative stress. Similarly, 
Hafez et al. (2020) and Zhao et al. (2014) reported higher 
serum GSH and CAT activity in broiler chicks fed with 
ZnO-NPs. Equally, Abd-El Rhman et al. (2018) observed 
higher serum MDA concentrations in the E. coli infected 
chickens because of endotoxins resulting from E. coli in-
fection. These endotoxins cause an increase in the produc-
tion of ROS and RNS which in turn result in the damage 
of proteins and nucleic acids and increased lipid peroxida-
tion. The applicability of these results in poultry farming is 
quite profound. Thus, improved antioxidant activity, which 
is supported by the increase in GSH and CAT, may help to 
decrease the level of oxidative stress resulting from bacteri-
al infections and environmental stressors. This can result in 
better health status of the birds by lowering cellular dam-
age, increasing immune function, and increasing general 
growth and production in poultry. In addition, the knowl-
edge of the processes that occur within the framework of 
oxidative stress and its effect on health also paves the way 
for effective interventions to improve the birds’ resistance 
to infections and stress, for example using antioxidants or 
nanoparticles such as ZnO-NPs.

The following should be considered as future investigation 
and prospects: the chronic influence of ZnO-NPs on the 
health and performance of chickens, mechanism pathways 
of antibacterial activity of ZnO-NPs for efficient preven-
tion and control of some poultry economic effective dis-
eases, and large-scale field trials to evaluate the ZnO-NPs 
in the commercial environment.

CONCLUSIONS AND 
RECOMMENDATIONS 

The results of our study confirmed our main hypothesis, 
which aimed to assess the effectiveness of ZnO-NPs in 
combating pathogenic multi-drug-resistant E. coli bacte-
ria in broiler chickens. We specifically focused on the an-
tibacterial and antioxidant properties of ZnO-NPs, with 
the goal of finding a safe and potent alternative to anti-
biotics for the treatment and prevention of drug-resistant 
E. coli O6 infections. The in vivo study demonstrated that 
ZnO-NPs are capable of alleviating E. coli induced- signs, 
macroscopic and microscopic lesions, and possess a potent 
antioxidant agent. These findings suggest that ZnO-NPs 
could serve as an alternative to the antibiotic Colistin in 

the field to combat antibiotic resistance in both humans 
and chickens. This is one of the unintended consequences 
of the conventional wisdom that antibiotics are the most 
effective method of preventing and controlling bacterial 
infections.
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