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Introduction

Avian pathogenic E. coli (APEC) is a widespread bacterial pathogen 
causing financial losses in the poultry sector (El-Shenawy et al., 2023). 
Avian colibacillosis could be considered as primary or secondary avian 
pathogen (Ali et al., 2020). As it known, E. coli could induce septicemic 
or localized infections including air saculitis, salpingitis, arthritis, sternal 
bursitis, spondylitis, osteomyelitis, omphalitis, enteritis, pan-ophthalmitis, 
cellulitis, coli-granuloma, swollen head syndrome, complicated chronic 
respiratory disease (CCDR) and acute vaginitis in turkey (Swelum et al., 
2021). Unfortunately, many APEC appeared multi-drug resistant against 
most common antibiotics (Solà-Ginés et al., 2015; Yousef et al., 2023) and 
this is why science has turned to searching for safe alternatives to anti-
biotics (Abd El-Hack et al., 2022a; El-Saadony et al., 2022). Nanoparticles 
(NPs) have proven to be effective therapeutic agents because of their 
exceptional physicochemical features, attributes, and physically applica-
ble mode of action that is applicable in different fields (Abd El-Ghany 
et al., 2021; Salem et al., 2021). Zinc is a crucial microelement that influ-
ence birds’ performance, meat, and carcass characteristics in addition, 
broiler under thermal stress supplied with 40 mg/kg dietary zinc revealed 
improved in birds’ productivity and antioxidant status (Rao et al., 2016). 
The majority of NPs’ antimicrobial activity comes from their diffusion and 
penetration through organisms’ cell membranes, which causes oxidative 
stress and the eventual death of the microbial cells (Abd El-Hack et al., 
2022b). Likewise, ZnO-NPs pass the villi via direct penetration and grant 
more positive impacts at small levels for birds, further become extremely 
bioavailable, applying an excellent efficiency, and become more bioactive 
than bulk formulation of zinc (Abdel-Wareth et al., 2022). Thus, the cur-
rent work goaled to assess the antibacterial efficacy of ZnO-NPs against 
experimentally induced colibacillosis in broiler chickens and assessment 
of its impact on birds’ performance.

Materials and methods

Zinc oxide nanoparticles 

The characters and the in vitro antibacterial activity of ZONPs were 
previously cited by Shakal et al. (2024). 

Experimental birds

152, one day old broiler chicks were used in this study. Five chicks 
at the day of arrival were sacrificed and the internal organs (yolk sac, in-
testine, spleen, lung, liver, and heart) were cultured to ensure absence of 
pathogenic E. coli infection. Then the rest 147 birds were allotted into the 
different experimental groups. The birds were kept in separately cleaned 
and disinfected houses & delivered with feed & water ad libitum during 
the experimental period. The birds administered all the required vaccina-
tion at the recommended time.  

Experimental design

147, day old broiler chicks were distributed into seven groups (21 for 
each divided into triplicates with 7 birds each). G1, control negative birds; 
G2, control positive infected birds with E. coli O87; G3, infected- supplied 
with 1mg/L ZnO-NPs; G4, infected supplied with 2mg/L ZnO-NPs; G5, 
infected treated with antibiotic; G6, supplied with 1mg/L ZnO-NPs con-
tinuous for 35 days, and G7, supplied with 2mg/L ZnO-NPs continuous 
for 35 days. 

The E. coli O78 used for induction of the infection was kindly provid-
ed from Microbiology department Faculty of Veterinary Medicine, Cairo 
University (Yousef et al., 2023). At one day old, each chicken in the infect-
ed groups was orally supplied with 1 ml of saline including 108 colony 
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forming unit (CFU) fresh colonies of E. coli/ ml for two successive days. 
The selection of antibiotics was based on antibiotic sensitivity test 

of the challenged bacterial strain to different antibiotics. The birds in G5 
supplied with 100 mg/L doxycycline 20% in drinking water for 5 continu-
ous days at 3 days post the experimental infection and the start of clinical 
signs and mortalities.

Post experimental infection, all the birds were observed daily for clin-
ical signs and mortalities. Dead birds were subjected to postmortem (PM) 
examination.  

Post-mortem lesions

After the onset of clinical signs, post-treatment and at the end of the 
study (3 time points); one bird was slaughtered per replicate (3 birds/
group), and freshly dead birds post infection were exposed for PM exam-
ination. At necropsy the lungs, liver, air sacs, pericardium, heart, kidney, 
spleen, and intestinal tract were examined then any changes in these or-
gans were recorded.

Bacterial re-isolation

Samples from liver, heart, lungs, intestine, and spleen were collected 
from the sacrificed birds, after onset of clinical signs (3dpi, 5days old), 
post-treatment (10 days old) and at 35 days old for E. coli re-isolation and 
counting on selective EMB agar (Oxoid).

Performance

Body weight and feed conversion rate

 Body weight gain (BWG), all birds were weighted individually weekly 
for 5 weeks. Feed consumption was assessed on the same days as birds 
weighing. Feed conversion rate (FCR) was calculated via formula (g feed/g 
live BWG) according to Timmerman et al. (2006).

E. coli caecal and intestinal counts

At 10, and 35 days old, one gram from each intestinal and caecal 
contents were gathered separately from each bird (3birds/group) then 
serially diluted in sterile PBS to 1:100, 1:1000, & 1:10000 and 0.1 ml of 
each dilution and streaked on the surface of EMB agar and incubated 
for 24 hours at 37°C; typical E. coli colonies (metallic green) on EMB agar 
were counted and recorded as colony-forming units (CFU) per gram. The 
colonies picked & verified by criteria of Carrido et al. (2004).

Immunological evaluation

Humoral immunity (HI)

Anti- ND vaccine antibody titers were assessed by gathering blood 
samples at 21- and 28-days post ND vaccination from wing veins of ran-

domly chosen 5 birds/group then sera were exposed to HI test as de-
scribed by Swayne et al. (1998).

Statistical analysis

A one-way ANOVA and Tukey’s multiple comparison post-hoc test 
was applied to analyze significant differences among the different fish 
groups using SPSS 18 software. This study presents the data as the mean 
and standard error of the mean. A P-value of smaller than 0.05 was sta-
tistically significant.

Results

Table 1 summarizes the total mortality rates. The greatest cumulative 
mortality rates were reported in control positive groups G2 (47.62%) and 
G3 (23.80%), followed by G4, G5, and G7 (19.05%), and finally, G1, G6, and 
G7 showed the lowest mortality rate (4.7%). The ZnO-NPs-treated groups 
showed a significant decrease in mortality rates in contrast to the positive 
control group (G2). 

 Severe symptoms of infection were observed in the control group 
who were positively infected with the E. coli O78 challenged group, in-
cluding a pasty vent with brownish-colored watery droppings and brown-
ish-colored diarrhea (Figure 1). 

Clinical symptoms were less severe in the groups treated with both 
concentrations of ZnO-NPs & antibiotics, while the control group exhib-
ited no clinical signs.  

The severity of PM lesions was less severe in the treated birds than 
in the control negative group & no PM lesions were observed in the sac-
rificed birds from control negative group. As shown by Figure 2, some 
birds with the E. coli O78 challenged group were found to have unab-
sorbed yolk sacs, enteritis, pericarditis, perihepatitis, air saculitis, sub-
capsular hemorrhage on the liver, nephritis, and distended ureters with 
urates. Moreover, PM of the control positive E. coli O78 challenged group 
showed that the two blind caeca were filled with frothy gaseous brownish 
color contents (Figure 3).

Table 2 shows a significant difference in body weight (BW) (p <0.05) 
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Fig. 1. Clinical signs in control positive E. coli O78 challenged group showing A: Pasty 
vent with brownish color watery droppings, B: Brown color diarrhea in the litter.

1st week 2nd week 3rd week 4th week 5th week Total mortality (total=21) %

G1 1 0 0 0 0 1 4.76

G2 5 3 2 0 0 10 47.62

G3 2 3 0 0 0 5 23.8

G4 3 1 0 0 0 4 19.05

G5 2 2 0 0 0 4 19.05

G6 0 1 0 0 0 1 4.76

G7 0 0 0 0 1 1 4.76

Table 1. Cumulative mortality rate among different experimental groups.



between groups from the third week until 35 days old. BW was the high-
est reported in G7 (2671 g), followed by G6 & G4 that were treated with 
ZnO-NPs or infected and administered with ZnO-NPs. The infected group 
(G2) recorded 2420 g, and the infected group with antibiotic treatment 
recorded 2560 g. BWG was significant (p< 0.05) for all groups in the ex-
periment. In general, the birds treated with ZnO-NPs (G6 and G7) showed 
significantly higher body weights (P =0.018) & BWG (P =0.017) than the 
control birds (G2). 

The FCR of the infected birds receiving ZONPs (G3 and G4) improved 
significantly between days 1 and 35 (P =0.034).

 Table 3 illustrates the intestinal and cecal loads of E. coli at 10 and 
35 days. In comparison to infected birds in G2, G6 & G7 had significantly 
lesser counts (P = 0.001). Additionally, the intestinal E. coli counts of G3, 

G4, G6, and G7 were significantly lesser than those of G1 & G2 (P <0.05).
 

Figure 4 illustrates that E. coli re-isolation and number were signifi-
cantly lower in infected treated G4 than in G2. 
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Different treatment groups
SEM P value

G1 G2 G3 G4 G5 G6 G7

Body weight (g)

Day one 51 50.9 50.8 51.01 51.03 51 51 0.00 1

21 days 872ab 834b 852ab 862ab  837b 894ab 933a 0.01 0.03

35 days 2420ab 2356b 2511ab 2554ab 2472ab 2531ab 2671a 0.02 0.02

Body weight gain (g)

1–21 days 821ab 783b 801ab 810ab 803ab 842ab 880a 8.7 0.06

22-35 days 1548 1522 1650 1692 1635 1637 1745 23.31 0.14

1–35 days 2369ab 2305b 2460ab 2503ab 2421ab 2480ab 2620a 24.57 0.02

Feed intake (g)

1–21 days 1023 1092 1097 1102 1115 1097 1088 3.34

22-35 days 2820 2710 2822 2827 2837 2801 2757 5.19

1–35 days 3843 3802 3919 3929 3952 3898 3845 6.11

Feed conversion ratio (g feed/g gain)

1–21 days 1.257ab 1.404a 1.378ab 1.369ab 1.402a 1.311ab 1.237b 0.02 0.01

22-35 days 1.84 1.79 1.74 1.70 1.76 1.72 1.59 0.03 0.21

1–35 days 1.632ab 1.657a 1.606ab 1.579ab 1.640a 1.577ab 1.473b 0.02 0.03

Table 2. Effect of ZnO-NPs and antibiotic treatments on body weight, body weight gain, feed intake, & feed conversion ratio in broiler infected with (Mean ±SE).

Means with different lowercase letters in the same row indicate significant differences at P < 0.05.  SE: standard error, 3 replicates/group (21birds/group).

Fig. 2. Postmortem of control positive E. coli O78 challenged group showing A: unabsorbed 
yolk sac and congested liver, B: subcapsular hemorrhage on liver, C: nephritis and ureters 
distended with urates.

Fig. 3. Postmortem of control positive E. coli O78 challenged group showing A and B: the 
two blind caeca filled with frothy gaseous brownish color contents.

Groups
Cecal Intestinal

10 days 35 days 10 days 35 days

G1 9.14b 9.33ab 8.7947b 8.71

G2 9.80b 9.75a 9.7860c 9.80

G3 7.43a 9.31ab 7.1754ab 8.69

G4 7.28a 9.30ab 6.7195a 8.66

G5 7.29a 9.27aab 6.7347a 8.62

G6 7.42a 7.40b 6.9248a 6.83

G7 7.39a 7.33b 6.7518a 6.68

SEM 0.28 0.25 0.33 0.32

P value 0.02 0.01 0.03 0.05

Table 3. Effect of ZnO-NPs on broiler chicken cecal and intestinal E. coli counts after at 10-, 
& 35-day post infection (Mean± SE).

Means with different lowercase letters in the same row indicate significant differences at P 
< 0.05.  SE: standard error, 3 replicates/group (21birds/group).

Fig. 4. Microbiological E. coli count from the caecal content at the end of the treatment for 
the same dilution (1x 106) in all experimental groups: A: Group 2, control positive birds 
showing uncountable colonies, B: Group 4,  infected nanoparticle treated showing countable 
colonies (2mg/L), C: Group 5, infected antibiotic treated showing countable colonies, D: 
Group 7, nanoparticles treated all over the observation period showing countable colonies, 
E: Group 1, control negative birds showing countable colonies.



Figure 5 shows HI titer values post ND vaccination at 21 or 28 days, 
there were no significant differences in HI titers between different groups.

Discussion

Recent technologies are being widely applied to poultry sector like 
nanotechnology (Nabi et al., 2020; Reda et al., 2020). ZnO-NPs have a 
dose-dependent effect on bird performance and physiological state of 
poultry and livestock (Mahmoud et al., 2021). Like other metal oxides, 
ZnO-NPs exhibit antibacterial activity against a wide variety of bacteria. 
This study demonstrated that ZnO-NPs could exhibit potent anti-E. coli 
activities. 

As an outcome of the use of ZnO-NPs, in vivo efficacy was demon-
strated through a reduction of cumulative mortalities (Table 1) in ei-
ther group infected or treated with ZnO-NPs. The evidence indicates 
that ZnO-NPs are highly effective antibacterial agents. Also, it has been 
demonstrated that ZnO-NPs stop the growth of bacteria like E. coli and 
Staphylococcus aureus; during the interaction between ZnO-NPs and 
microbes, Zn2+ ions are released through channels, destroying bacterial 
viability (Brayner et al., 2006).

In this investigation, clinical signs included ruffled feathers, general 
depression, and pasty vents with brownish color diarrhea as observed in 
control positive E. coli O78 challenged birds (Figure 1), birds of G3 and 
G4 exhibited similar findings (varying degrees of diarrhea). According to 
Ibrahim et al. (2019), the observed signs of naturally infected chicks with 
E. coli are unthriftines, appetite loss, decreased BWG, respiratory distress, 
dropped wings, closed eyes, and general congestion. The PM examina-
tion of the freshly dead control positive E. coli O78 challenged group in 
Figures 2 and 3 revealed the presence of un-absorbed yolk sac, subcap-
sular hemorrhage on the liver, enteritis, pericarditis, perihepatitis, air sac-
ulitis, nephritis, and ureters distended with urates in some birds, and the 
two blind caeca filled with frothy gaseous brownish color contents. Our 
findings were in concur with Kemmett et al. (2014) who noticed similar 
PM lesions (pericarditis, perihepatitis, air sacculitis, and hepatic lesions) in 
chickens due to avian pathogenic E. coli infection. Also, Singh et al. (2018) 
recorded similar PM lesions in chickens due to E. coli infection.

In Table 2, we summarized the impacts of ZnO-NPs supplementation 
on broiler chick body weight at various experimental levels (alone in dif-
ferent concentrations or combination with infected E. coli groups). In all 
dietary treatments, the birds had approximately the same initial BW at 
the beginning of the experiment. In comparison with other groups at all 
experimental weeks, chicks supplemented with ZnO-NPs at both levels (1 
mg & 2 mg) exhibited the heaviest live body weight. The enhancement in 
chicken performance was noted during the following 14 days (from the 
14th to the 28th days) after administration of ZnO-NPs over 5 days (14th 
to 19th day).

 ZnO-NPs supplementation affects FC & FCR; because of these treat-
ments, the amount of FC per chick per week was changed. In infected 
broiler chickens (G3 and G4), the addition of ZnO-NPs resulted in numer-
ically higher weekly and cumulative FC than in controls. Regarding FCR, 
Table 2 indicates that G4 and G4 had the highest FCRs (1.473 and 1.579), 
respectively, compared to G1 and G2. According to previous studies pub-
lished in the literature, ZnO-NPs at 20–60 mg/kg of diet can enhance 
BWG and FCR of broiler chickens (Mahmoud et al., 2020). As reported by 
Hafez et al. (2017), ZnO-NPs are known to have a unique property that 
increases intestinal absorption capacity by increasing villi length, width, 
mucosal length, and crypt depth. Therefore, the higher absorption effi-
ciency of ZnO-NPs results in advanced Zn bioavailability (Abedini et al., 
2018). 

In poultry farms, APEC is the main etiology of colibacillosis (Swelum 
et al., 2021). This organism can cause enteric and extraintestinal infections 
in a syndrome that is characterized by diarrhea and/or enteritis (Singh et 
al., 2018). APEC can colonize chickens’ respiratory and intestinal tracts. 
According to Hussain et al. (2022), APEC isolates were found in the fe-
ces of broilers that had signs of colibacillosis. Saha et al. (2020) noted 

that APEC isolates were found in broiler droppings at the highest level 
(33.33%). The cecal and intestinal loads of E. coli in the G6 and G7 groups 
at 10- and 30-days post-infection were significantly lower (P = 0.001) 
than in G2.

 Additionally, intestinal E. coli counts were significantly lower in 
G3, G4, G6, and G7 when compared with G1 and G2. The results of this 
study are regular with those of a prior study in which ZONPs showed 
antimicrobial effect against E. coli in vitro, the antibacterial effects of 
metal nanoparticles may be caused by disruption & penetration of the 
microorganism’s cell membrane, resulting in injury to the cell wall and 
cytoplasmic leakage (Abd El-Ghany et al., 2021). Additionally, Hassan et 
al. (2016) found that ZnO-NPs penetrate intestinal cells directly and ex-
ert more beneficial effects at a lower dose than zinc in bulk formulation, 
as well as being highly bioavailable, exerting greater value, and become 
more bioactive than zinc in bulk formulation (Hussain et al, 2018). Among 
their many applications are their antimicrobial properties against certain 
pathogens (Hussain et al, 2018). 

As mentioned in Figure 5, chickens treated with ZnO-NPs did not 
exhibit any significant changes in their immune response against ND vac-
cine. Also, there was no significant difference among the different groups 
in terms of HI titers at 21 & 28 days. Our results disagreed with Khajeh 
et al. (2018) who found that the administration of 50 mg ZnO-NPs /kg 
feed in combination with probiotic (1010 CFU/kg) improve the chickens’ 
humoral immunity and these variations may be contributed to the usage 
of probiotics parallel with ZnO-NPs or due to the usage of different dose 
and route of admiration (50 mg ZnO-NPs /kg diet). 

Conclusion

Treatment with both 1 mg/L & 2 mg/L ZnO-NPs in drinking water 
decrease mortalities and improve birds’ performance and reduce the col-
onization of E. coli in the intestine and cecum, but it has no significant 
differences on humoral immune response against ND vaccine among 
different groups.
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