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Introduction

Oreochromis niloticus (O. niloticus), the Nile tila-
pia, is one of the most widely dispersed fish species 

on the planet. Furthermore, there has been a signifi-
cant growth in demand, resulting in intensification 
and high production. However, the intensification 
leads to a quick deterioration of water quality and 
an increase in the incidence of diseases caused by 
fish stress (Sebastião et al., 2015). Disease in aqua-
culture is a severe problem that aquaculturists are 
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concerned about because of the high financial losses 
(Lafferty et al., 2015).

The bacterial infections that cause annual economic 
losses to the aquaculture industry, estimated at bil-
lions of dollars worldwide, are the most important 
sector for fish diseases. (Pridgeon, 2012). Citrobacter 
freundii (C. freundii) infection, which is caused by 
a member of the Enterobacteriaceae family, is one 
of these bacterial infections. It is marked by bacterial 
septicemia and high mortality (Jeremić et al., 2003; 
Abdel-Fattah et al., 2016). Furthermore, C. freundii 
is blamed for impeding the aquaculture industry's 
long-term development (Pan et al., 2021). 

There were extensive degenerative alterations, fu-
sion and necrosis of the catfish gill secondary la-
mellae, as well as inflammatory cell infiltration, con-
gestion, and superficial epithelium detachment, all of 
which were caused by C. freundii infection (Baldis-
sera et al., 2018). Moreover, infected Nile tilapia 
showed mononuclear cell infiltration and congestion 
of the gill main lamellae, as well as hepatic cell va-
cuolar degeneration (Aly et al., 2012). There was also 
gill lamellae destruction, hepatocyte vacuolar degen-
eration, and the absence of Von Kupffer cells in in-
fected Mozambique tilapia (Thanigaivel et al., 2015).

Unfortunately, aquaculture's success is reliant on 
the usage of chemicals to combat a variety of diseases 
that plague the business. Antibiotics have been proven 
to be ineffective in the treatment of C. freundii in-
fection in fish (Sato et al., 1982). Furthermore, due 
to antibiotic resistance, which poses a hazard to public 
health, the use of antibiotics will be prohibited. As 
a result, safe options to solve these issues in aqua-
culture are urgently needed (Lieke et al., 2020). 

Nanoparticles of trace minerals have recently shown 
significant promise as feed additives. When compared 
to their bulk counterparts, nanoparticles have innova-
tive qualities such as tiny size, improved bioavail-
ability, higher specific surface area, increased cata-
lytic effectiveness, stronger adsorbing ability, and use 
in lower doses. (Apines-Amar et al., 2004), as well 

as antimicrobial effects against a broad range of bac-
teria and fungi (Swain et al., 2016). 

Zinc oxide nanoparticles showed antibacterial ac-
tivity against various fish pathogens, allowing for un-
conventional control of disease outbreaks (Shaalan et 
al., 2017). They exhibited marked antimicrobial activ-
ity against Aeromonas hydrophila,  Aeromonas sal-
monicida subsp.  salmonicida,  Edwardsiella ictaluri, 
Edwardsiella tarda  and  Yersinia ruckeri  (Shaalan 
et al., 2017). Zinc oxide nanoparticles exhibit potent 
antimicrobial activities through complex mechanisms 
of action that include release of Zn2+ ions, production 
of reactive oxygen species (ROS) and interference 
with bacterial replication by inhibition of cellular 
processes like glycolysis, acid tolerance and trans-
membrane proton translocation (Ramamoorthy et al 
2013, Swain 2016, Gunalan et al., 2012).  Previous 
research has found that a smaller dose of ZnO-NPs 
is more effective in improving fish development and 
immunity (Faiz et al., 2015; Tawfik et al., 2017).

The complement system and Interleukin-10 (IL-10) 
are key innate immune system components that are 
largely expressed in the head, kidneys, spleen, and 
gills. (Magnadóttir, 2006; Piazzon et al., 2015). In ad-
dition, the complement system is a critical component 
of innate immunity that plays a key role in the defense 
against pathogens and homeostasis (Ricklin et al., 
2010). Interleukin-10 is known to suppress inflamma-
tory responses elicited by activated macrophages 
(Bogdan et al., 1991). It also suppresses the gen-
eration of nitric oxide, the expression of MHC class 
II, and the synthesis of a variety of macrophage-de-
rived pro-inflammatory factors (Fiorentino et al., 
1991, Gazzinelli et al., 1992, Niiro et al., 1994, Aste- 
Amezaga et al., 1998). 

There had been no previous reports of ZnO-NPs 
being used to inhibit C. freundii infection in O. niloti-
cus and to measure complement and IL-10 genes. As 
a result, the goal of this study was to find the cause 
of death in O. niloticus. The median lethal dose 
(LD50) of a pathogenic isolate was identified by an 
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experimental infection. After in-vitro testing, the effi-
cacy of ZnO-NPs as feed additives on the prevention 
of C. freundii infection in O. niloticus was also 
investigated. IL-10 and complement immunostimu-
lants genes were also evaluated in the feeding groups' 
tissue.

Materials and methods

Ethical committee

All experiments were approved by Beni-Suef Insti-
tutional Animal Care and Use Committee (BSU- 
IACUC) of Faculty of Veterinary Medicine, Beni- 
Suef University, Egypt.

Fish collection and management

Naturally diseased O. niloticus for clinical exami-
nation and bacteriological isolation 

A total number of 30 diseased O. niloticus with 
an average body weight 18 ± 5 g showing extensive 
signs of septicemia was collected alive from Abo- 
Saleh fish hatchery, Beni-Suef, Egypt. Samples were 
transferred in plastic bags containing oxygenated wa-
ter to the wet laboratory of Fish Diseases and Mana-
gement Department, Faculty of Veterinary Medicine, 
Beni-Suef University, Egypt.

Collection of experimental fish
A total of 336 apparently healthy O. niloticus with 

an average body weight of 15 ± 5 g were collected 
alive from Abo-Saleh fish hatchery, Beni-Suef, Egypt 
for the experimental studies. The collected fish were 
transferred to the wet laboratory of Department of 
Fish Diseases and Management, Faculty of Veterinary 
Medicine, Beni-Suef University, Egypt. Fish were 
kept in three fiberglass tanks with 500 L capacity for 
each and supplied with chlorine-free tap water and 
continuous aeration. The fish were acclimatized for 
14 days in the experimental fiberglass tanks and fed 
a 3% body weight pelleted commercial fish diet 
(Table 1).

Management of experimental fish
After acclimatization, fish were redistributed into 

90 × 25 × 40 cm glass aquaria with a water volume 
of 30 L. Each aquarium was supplied with continuous 
artificial aeration (1 air stone) through an air blower. 
The water exchange rate in the experimental aquaria 
was 10% per day. Fish were fed 3% of their body 
weight. Throughout the experiments, water quality 
parameters were measured twice a week. These pa-
rameters included water temperature (27 ± 1⁰C) using 
a water thermometer (Yellow Spring Instrument Co., 
USA), dissolved oxygen (DO; 7 ± 2 mg/L) using a 
DO meter (Yellow Spring Instrument Co. USA) and 
pH (7-8) using pH indicator paper (Fisher Scientific, 
Denver, CO, USA).

Clinical examination of diseased fish

External and internal examination of diseased O. 
niloticus were carried out for detection of general 
signs of septicemia, subcutaneous edema, hemor-
rhages, scale losses and other clinical abnormalities 
according to (Austin et al., 2012).

Bacteriological examination

Specimens taken from liver, spleen and kidney of 
diseased O. niloticus were inoculated on TSA plates. 
The Plates were incubated at 25⁰C for 24 h. Selected 
colonies were subjected to biochemical and molecular 
identification. 

Table 1. Composition of the commercial pelleted fish 
diet (Brsiek factory, Egypt)

Composition of ingredients 
(25% crude protein)

The percentage
(%)

Fish meal
Soya bean meal

Rice polish
Yellow corn

Mono-calcium phosphate
Common salt

Premix

6
36
22
34
1

0.5
0.5
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Biochemical examination 

Motility, Gram staining and morphology of the 
most dominant colonies in the subculture was deter-
mined as described by (Quinn et al., 2002). 

Molecular identification

It was performed according to (Lagacé et al., 2004).

DNA extraction
DNA extraction from samples was performed using 

the QIAamp DNA Mini kit (Qiagen, Germany, GmbH) 
with modifications from the manufacturer’s recom-
mendations. Briefly, 200 µl of the sample suspension 
was incubated with 20 µl of proteinase K and 200 
µl of lysis buffer at 56ºC for 10 minutes. After in-
cubation, 200 µl of 100% ethanol was added to the 
lysate. The sample was then washed and centrifuged 
following the manufacturer’s recommendations. Nu-
cleic acid was eluted with 100 µl of elution buffer 
provided in the kit.

Oligonucleotide Primer and PCR amplification
Primers were supplied from Metabion (Germany) 

and listed in (Table 2). For PCR amplification, Primers 
were utilized in a 25 µl reaction containing 12.5 µl 
of EmeraldAmp Max PCR Master Mix (Takara, 
Japan), 1 µl of each primer of 20 pmol concentrations, 
4.5 µl of water, and 6 µl of DNA template. The re-
action was performed in an applied biosystem 2720 
thermal cycler.

Analysis of the PCR products
Products of PCR were separated by electrophoresis 

on 1.5% agarose gel (Applichem, Germany, GmbH) 

in 1x TBE buffer at room temperature using gradients 
of 5V/cm. For gel analysis, 20 µl of the products was 
loaded in each gel slot. A Gelpilot 100 bp plus ladder 
(Qiagen, Germany, GmbH) was used to determine the 
fragment sizes. The gel was photographed by a gel 
documentation system (Alpha Innotech, Biometra) 
and the data was analyzed through computer software.

Preparation and characterization of ZnO-NPs

Zinc oxide nanoparticles (Loba, Chemi, Pvt. Ltd, 
India) were prepared by the high-energy ball milling 
technique as a method described by (Salah et al., 
2011). The ZnO-NPs were characterized by FT-IR 
spectrum (Fourier-transform infrared spectrum; VERTEX, 
70) at the wave length of 500-3500 cm-1 and HR- 
TEM microscopy (High-resolution Transmission El-
ectron Microscopy; a JEOL-JEM 2000EX). HR-TEM 
microscopy was examined in the Central lab of 
National Research Center, Cairo, Egypt. Whilst FT-IR 
spectrum of ZnO-NPs was investigated at the Faculty 
of Postgraduate Studies of Advanced Science, Beni- 
Suef University, Egypt.

Measuring the biocidal efficacy of ZnO-NPs 

against the bacterial isolates

The biocidal efficacy of both ZnO and ZnO-NPs 
against one µL (1 × 106 CFU/mL) of bacterial strains 
that isolated from kidney, liver and spleen of diseased  
O. niloticus was estimated using the broth micro-dilu-
tion, and well diffusion method according to guide-
lines of CLSI (Wikler, 2006 and Qi et al., 2004) at 
different tested concentrations (35,45,55,65,70 mg/L, 
respectively) .

Table 2. Primers sequences, target genes, amplicon sizes and cycling conditions

Target 
gene Primers sequences

Amplified 
segment

(bp)

Primary 
Denaturation

Amplification (35 cycles)
Final 

extension ReferenceSecondar 
denaturation Annealing Extension

16S 
rRNA

AGAGTTTGATCMTGGCTCAG
TACGGYTACCTTGTTACGACTT 1485 94˚C

5 min.
94˚C

30 sec.
56˚C 

1 min.
72˚C

1.2 min.
72˚C

12 min.
Lagacé 

et al., 2004
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Diet Preparation 

The commercial pelleted fish diet was ground into 
fine powder using mortar. The ZnO-NPs were mixed 
directly with the prepared fine powder to obtain three 
fish diets. Diet 1 with no additives (control), diet 2 
with 100 mg of ZnO-NPs /kg of feed and diet 3 with 
200 mg of ZnO-NPs /kg of feed. Each fish diet con-
tents were mixed with distilled water to obtain a ho-
mogenous mixture. The mixture was passed through 
manual hand-minced meat processing machine (Italy) 
for producing extruded strings which were dried at 
40°C for 24 h and then broken down to about 2 mm 
long pellets (Rattanachaikunsopon and Phumkhac-
horn, 2010).

Experimental design and feeding regime

One hundred and eighty six O. niloticus were sepa-
rated into four groups 17 fish each except the first 
group had 11 fish (negative control). Fish in the first 
and second groups (negative and positive control, re-
spectively) were fed diet 1, while fish in the third 
group were fed diet 2 and fish in the fourth group 
were fed diet 3. Throughout the experimental period, 
all groups were fed 3% of body weight of their specif-
ic diet once a day for four weeks (28 days). At the 
end of feeding period, three fish from each group, 
except the first group, with their replicates were used 
for collection of spleen for expression of complement 
5 and IL-10 immune-related genes. Another three fish 
from each group with their replicates except the first 
group were used for histopathology. The remaining 
eleven fish in each group with their replicates were 
injected with the bacterial isolate. Ninety-six hours 
post injection, three fish from each group with their 
replicates were used for histopathology while, the re-
maining eight fish from each group with their replicates 
were observed for two weeks to examine the efficacy 
of ZnO-NPs for prevention of the bacterial isolate.

Expression of complement 5 and IL-10 immune-re-
lated genes

1) Tissue collection 
At the end of feeding period (28 days), three fish 

from each group were rapidly netted and euthanized 
by an overdose of tricaine methanesulfonate (MS222, 
Sigma-Aldrich Chemical Co. Germany). After that, 
pieces of spleen were collected and stored in 2 ml 
tubes containing RNAlater solution (Merc, Egypt). 
Finally, samples were kept overnight in a refrigerator 
at -4°C and frozen at -80°C for RNA extraction. 

2) Protocol of expression of complement 5 and IL‐
10 immune-related genes

  2.1) Extraction of RNA
RNA extraction from spleen samples was applied 

using QIAamp RNeasy Mini kit (Qiagen, Germany, 
GmbH) when 30 mg of the tissue sample was added 
to 600 µl RLT buffer containing 10 μl β-mercaptoe-
thanol per 1 ml. For homogenization of samples, 
tubes were placed into the adaptor sets, which were 
fixed into the clamps of the Qiagen tissue Lyser. 
Disruption was performed in high-speed (30 Hz) shak-
ing step for two minutes. One volume of 70% ethanol 
was added to the cleared lysate and these steps were 
completed according to the purification of total RNA 
from animal tissues protocol of the QIAamp RNeasy 
Mini kit (Qiagen, Germany, GmbH). 

N.B. On column DNase digestion was done to re-
move residual DNA.

  2.2) Oligonucleotide Primers 
The primers of immune-related genes were sup-

plied from Metabion (Germany). Primers sequences, 
target genes, amplicon sizes and cycling conditions 
for SYBR green rt-PCR were listed in (Table 3)  ac-
cording to (Gröner et al., 2015). The thermal program 
for all reactions of RT-qPCR was 94°C for 15 mi-
nutes, followed by 40 cycles of 94°C for 15 s and 
62°C for 30 s and an extension at 72°C for 30 s. 

  2.3) SYBR green rt-PCR 
Primers were utilized in 25 µl reaction containing 
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12.5 µl of the 2x QuantiTect SYBR Green PCR 
Master Mix (Qiagen, Germany, GmbH), 0.25 µl of 
Revert Aid Reverse Transcriptase (200 U/µL) (Ther-
mo Fisher), 0.5 µl of each primer of 20 pmol concen-
tration, 8.25 µl of water and 3 µl of RNA template. 
The reaction was performed in a Strata gene MX 
3005P real time PCR machine.

  2.4) Analysis of the SYBR green rt-PCR results
Amplification curves and CT values were de-

termined by the stratagene MX3005P software. To es-
timate the variation of gene expression on the RNA 
of the different samples, the CT of each sample was 
compared with that of the positive control group ac-
cording to the "ΔΔCt” method stated by (Yuan et al., 
2006) using the ratio of (2-DDct).  Whereas ΔΔCt = 
ΔCt reference – ΔCt target

ΔCt target = Ct control – Ct treatment and ΔCt 
reference = Ct control- Ct treatment

3) Prevention of bacterial isolate in O. niloticus  
  3.1) Experimental infection and determination of 

LD50 of bacterial isolate
A total of 180 apparently healthy O. niloticus were 

subdivided into six groups (10 fish/each) with three 
replicates. An overnight culture of the isolate was ad-
justed to densities 1.5 × 108, 1.5 × 107, 1.5 × 106, 1.5 
× 105 and 1.5 × 104 CFU/mL. Each dilution was in-
jected intraperitoneally into a fish group at a dose 
of 200 µl/fish.  The fish of the 6th group were used 
as control and injected with 200 µl of sterile saline. 
All fish groups were observed for two weeks. Mortal-

ity was recorded daily and the organs were aseptically 
streaked on TSA agar for re-isolation and re-identi-
fication.

  3.2) Prevention scheme
At the end of dietary experimental period (28 

days), the first (control negative) group with its repli-
cates was injected intraperitoneally with 200 μl phys-
iological saline. The second (control positive), third 
and fourth groups were injected intraperitoneally with 
200 μl of bacterial isolate at 1.5 × 105 CFU/mL con-
centration. The injected fish were maintained in a sep-
arate glass aquaria for 2 weeks. The mortality was 
recorded and the relative percent survival (RPS) was 
calculated according to (Amend, 1981) using the for-
mula of “RPS = 1 − (% of mortality in treated groups 
/ % of mortality in control group) ×100”.

Results

Clinical abnormalities of diseased O. niloticus

Diseased fish had general signs of septicemia, sub-
cutaneous edema and hemorrhages in the eyes, on the 
skin, dorsal fin and base of pectoral fin (Fig. 1A). 
Scale loss and eye cataract were also observed (Fig. 
1B). Pelvic fin disintegration (Fig. 1C). Scale loss at 
the two sides of the body and dorsal musculature & 
hemorrhages on dorsal fin were recorded (Fig. 1D). 
Liver paleness and edematous intestine were noticed 
(Fig. 1E). Also, there were congestion in gills and 
kidney (Fig. 1F).

Table 3. Primers sequences, target genes, amplicon sizes and cycling conditions for SYBR green rt-PCR

Target gene Primers sequences Reverse transcription Reference

EF-1α CCTTCAACGCTCAGGTCATC
TGTGGGCAGTGTGGCAATC

50˚C 30 min.

Gröner et al., 2015

IL-10 CTGCTAGATCAGTCCGTCGAA
GCAGAACCGTGTCCAGGTAA Standen et al., 2016

C5 TGGCAAGGACTTTTTCTGCT
AGCACAGGTATCCAGGGTTG Syahputra et al., 2019
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Identification of bacterial isolates

Purification of isolated bacterial colonies on TSA 
resulted in creamy colored, round, smooth, slightly 
convex, entire edge with 1-2 mm diameter after 24 
h incubation at 28°C. Biochemical identification 
showed Gram-negative, rod-shaped, oxidase negative, 
citrate positive, indole negative bacteria.

DNA amplification and sequencing revealed two 
strains of bacteria that were registered in the gene 
bank; C. freundii (MW279218_C._freundi_Q._nilo-
tica) and Klebsiella oxytoca (MW227610_K._oxy-
toca_Q._nilotica). 

Characterization of ZnO-NPs

TEM microscopy of ZnO-NPs (Fig. 2) exhibited 

the hexagonal and elongated morphological shape of 
ZnO-NPs (Fig. 2a) in addition; the NPs diameter was 
ranged between 31.4 to 91.2 nm as shown in (Fig. 
2b). Additionally, FTIR spectra of ZnO-NPs dis-
played the characteristic peaks were noticed at differ-
ent wave lengths of 3435.6, 1637.1, 1044.4 and 536 
cm-1, which confirmed the formation of ZnO-NPs as 
presented in (Fig. 3)

Efficacy of ZnO-NPs against C. freundii MW 

279218

The efficiency of ZnO-NPs against C. freundii 
MW279218 approved that the lethal effect of ZnO- 
NPs on C. freundii MW279218 was 100% in compar-
ison with zinc oxide compound whereas the inhibition 

Fig. 1. Clinical abnormalities of naturally diseased O. niloticus with C.freundii. Subcutaneous edema and hemorrhages 
in the eyes, on the skin, dorsal fin and base of pectoral fin (A). Scale loss and eye cataract (B). Fin disintegration 
(C). Scale loss at the two sides of the body and dorsal musculature & hemorrhages on the dorsal fin (D). Pale liver, 
congested kidney and edematous intestine (E). Congested gills and kidney, pale liver and edematous intestine (F).
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zone diameter was 2.3±1.1mm at the highest tested 
concentrations (70 mg/L) compared to the least one 
(35, and 45 mg/L, respectively) as displayed in Fig 4.

The effect of dietary ZnO-NPs on the tissue 

immune-related genes of O. niloticus

Fish were protected significantly (P < 0.05) after 
adding ZnO-NPs to diet. Both IL‐10 and complement 
5 immune-related genes were up regulated in fish 
groups that were fed diet supplemented with ZnO- 

Table 4. changes in serum level of interleukin 10 (IL-10) 
and complement 5 (C5) in various experimental groups

Groups IL 10 C5 
Control 
100 mg of ZnO-NPs/kg 
  of feed
200 mg of ZnO-NPs/kg 
  of feed

1±0.00c

2.74±0.16b

3.94±0.14a

1±0.00c

3.13±0.14b

3.94±0.15a

Values are represented as mean ± SE of mean. The dif-
ferent superscript letters are significantly different at (p 
< 0.05) between different groups.

Fig. 2. TEM microscopy of Zn-OPs clarified the hexagonal morphological shape of NPs (a) in addition, the NPs 
diameter (b) was ranged between 31.4 to 91.2 nm. 

Fig. 3. FTIR spectra of ZnO-NPs showed the characteristic peaks were noted at different wavelength 3435.6, 1637.1, 
1044.4 and 536 cm-1 that confirmed the creation of ZnO-NPs.
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NPs. In group 3, IL-10 immune-related gene was in-
creased 2.74±0.16 times that of control group and in-
creased 3.94±0.14 times in group 4 (Table 4) and Fig 
5. On the other hand, the complement 5 immune-re-
lated gene increased in group 3 3.13±0.14 times that 
of control group and increased 3.94±0.15times in 
group 4.

Prevention of C. freundii MW279218 infection 

in O. niloticus with ZnO-NPs

Median lethal dose (LD50) of C. freundii
The LD50 of C. freundii MW279218 was 1.5 X 

105 CFU/mL (Fig. 6) and the injected fish died at 
the first week of injection with typical signs of 
septicemia.

Prevention of C. freundii MW279218 infection in 
O. niloticus with ZnO-NPs

There was no mortality and 100% RPS in the group 
fed normal diet then injected with physiological saline 
(control negative). There was 12.5% mortality and 
75% RPS in the groups fed 200 mg of ZnO-NPs /kg 
then injected with C. freundii. On the other hand, 
there was 25% mortality and 50 RPS in the group fed 
100 mg of ZnO-NPs/kg and injected by C. freundii. 
Moreover, the control positive group showed 50% 
mortality (Fig. 7).

Histopathological findings

Control negative group (fed diet 1 "ordinary diet 
with no additives" then injected intraperitoneally with 
200μl physiological saline)

The gills showed normal histological picture of pri-
mary and secondary lamellae; (Fig. 8A). The exam-
ined liver tissues (hepatopancreas) showed normal 
histological picture of portal veins, polyhedral hepatic 
cells with spherical nuclei and hepatic cords arrange-
ment as well as hepatic sinusoids (Fig. 8B). The spleen 

Fig. 4. The antibacterial efficacy of ZnO-NPs against 
bacterial isolates at different testing concentrations (1) 
70, (2) 65, (3) 55, (4) 45, (5) 35 mg/L, respectively 
using well diffusion method. The highest lethal effect 
of ZnO-NPs against C. freundii was found at a concen-
tration of 70 and 65 mg/L, respectively with an inhibi-
tion zone diameter (mm) 20.3±0.0 and 15.1±0.1 mm 
compared to other tested concentrations. Meanwhile, the 
isolated C. freundii showed their resistant to zinc oxide 
compound at the same tested concentrations.

Fig. 5. Cumulative mortality and LD50 of C. freundii 
in healthy O. niloticus.

Fig. 6. Changes in serum level of IL-10 and complement 
5 in control group, group fed 100mg of ZnO-NPs/kg 
and 200mg of ZnO-NPs/kg of feed. 
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showed normal structure; red pulps that occupied 
most of the spleen and surrounded by areas of the 
white pulps and melanomacrophage centers (Fig. 8C). 

The kidney showed normal histological structure in-
cluding the renal glomeruli and tubules (Fig. 8D). 

Control positive group (fed diet 1 "ordinary diet 
with no additives" then injected intraperitoneally with 
200μl of C. freundii 

The gills showed congestions and hemorrhages of 
most primary lamellae. The secondary lamelle showed 
curling with shortening of their length (Fig. 9A). The 
hepatocytes showed diffuse vacuolar degeneration. 
The hepatic sinusoids and main hepaopancreatic ves-
sels showed severe dilatation and congestion (Fig. 
9B). In addition, some hepatic cells showed pyknosis 

Fig. 7 Cumulative mortality of control negative, experi-
mental feeding groups of dietary 200 mg of ZnO-NPs/kg, 
100 mg of ZnO-NPs/kg of feed and the control positive

Fig. 8. Photomicrograph of control negative group of 
O. niloticus showing: A) Normal histological picture of 
primary (P) and secondary (S) gill lamellae; B) Normal 
histological structure of portal vein (arrowhead), poly-
hedral hepatocytes arranged in hepatic cords (H) and 
pancreatic acini (P); C) Normal histological architecture 
and arrangement of red (RP), white (W) pulps and mela-
nomacrophage centers (arrowheads); D) normal histo-
logical picture of kidney; renal tubules (T) and glomer-
ulus (arrowhead). H&E stain, scale bar: 200 µm, 100 
µm, 200 µm and 100 µm, respectively.

Fig. 9. Photomicrograph of control positive group of O. 
niloticus showing: A) Sever congestions of the blood 
vessels of the primary gill lamellae (arrowheads), and 
curling with shortening of secondary lamellae (arrows); 
B) Diffuse vacuolar degeneration (thick arrows) with 
nuclear loss and pyknosis (thin arrows) of some hepatic 
cells, dilatation and congestion of the hepatic sinusoids 
(arrowheads) and the hepaopancreatic vessel (V), and 
eduma (E); C) Numerous melanomacrophage centers 
formation around the splenic vessel (arrowheads) with 
depletion of splenic pulps (SP); D) Degeneration of re-
nal tubules (T), interstitial infiltration of mononuclear 
cells (arrows), edema (E) and normal renal corpuscle 
(arrowhead). H&E stain, scale bar: 200 µm, 100 µm, 
200 µm and 100 µm, respectively.
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of their nuclei, nuclear loss of some hepatic cells and 
accumulation of hemosiderin around the pancreatic 
acini. The Spleen showed formation of numerous 
melanomacrophage centers around the vessels and de-
pletion of splenic pulps (Fig. 9C). The kidney showed 
degeneration and necrosis of renal tubules, interstitial 
infiltration of mononuclear cells (Fig. 9D), interstitial 
edema and severe interstitial hemorrhages. 

Group of O. niloticus fed diet 2 "ordinary diet with 
100 mg of ZnO-NPs /kg of feed"

No histolopathological alternations were noticed in 
gills, liver, spleen and kidney (Figs. 10A, B, C and D).

Group of O. niloticus fed diet 2 "ordinary diet with 
100 mg of ZnO-NPs /kg of feed" then injected intra-
peritoneally with 200μl of C. freundii 

The liver tissues showed mild vacuolar degener-
ation of the hepatocytes with mild dilatation and con-
gestion of hepatic sinusoids (Fig. 11A). The gills, kid-
ney and spleen showed no histopathological alter-
nations (Figs. 11B, C and D). 

Group of O. niloticus fed diet 3 ordinary with 
200mg of ZnO-NPs /kg of feed

All examined organs of this group showed normal 
histological pictures including; gills, liver, spleen and 
kidney (Fig. 12).

Group of O. niloticus fed diet 3 ordinary with 
200mg of ZnO-NPs /kg of feed then injected intra-
peritoneally with 200μl of C. freundii 

Fig. 10. Photomicrograph of third group of O. niloticus 
fed diet 2 showing: A) Normal histological structure and 
arrangement of gill lamellae (primary "P" and secondary 
"S"); B) Normal histological architecture and arrange-
ment of of hepatocytes in cords (H) and normal pancre-
atic tissues (P); C) Normal histological picture and ar-
rangement of splenic pulps (red "RP" and white "WP") 
and melanomacrophage centers (arrowheads); D) Normal 
histological picture of renal tubules (T) and renal cor-
puscle (arrowhead). H&E stain, scale bar: 200 µm, 100 
µm, 100 µm and 100 µm, respectively.

Fig. 11. Photomicrograph of fourth group of O. niloticus 
fed diet 2 then injected intraperitoneally with 200μl of 
pathogenic C. freundiiat 1.5 × 105 concentration show-
ing: A) Normal histological picture of primary (P) and 
secondary (S) gill filaments; B) Mild vacuolar degener-
ation of hepatocytes (arrows) and normal pancreatic tis-
sues (P); C) Normal arrangement of splenic pulps (red 
"RP" and white "WP") and melanomacrophage centers 
(arrowheads); D) Normal histological structure of renal 
corpuscles (arrowheads) and tubules (T). H&E stain, 
scale bar: 200 µm, 100 µm, 200 µm and 100 µm, 
respectively.
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The gills, liver, kidney, spleen and kidney showed 
normal histological architecture (Fig. 13).

Discussion

Infection with C. freundii is one of the most com-
mon bacterial infections, affecting both wild and 
farmed fish globally and resulting in significant eco-
nomic losses. (Yang et al., 2021). Antibiotics and an-
timicrobial compounds cause not just pollution in 
aquaculture but also consumer aversion. As a result, 
looking for other options has been highlighted. ZnO- 
NPs have been shown to be effective against a variety 
of bacteria and fungi (Liu et al., 2009; Raghupathi 
et al., 2011; Xie et al., 2011). Recently, there has been 
a lot of work done in the subject of employing nano-
materials in aquaculture (nano-aquaculture) to in-

crease fish output, health, and minimize disease cases 
(Dawood et al., 2020).

ZnO-NPs have a high growth inhibitory effect on 
all gram-negative and positive bacteria, even at low 
doses. As a result, it can be employed in food systems 
to prevent pathogenic germs from growing. (Nazoori 
and Kariminik, 2018). Previous literatures found that 
ZnO-NPs could completely lyse cell walls of Gram- 
negative pathogenic bacteria causing food poisoning 
such as Salmonella typhimurium, E. coli, and S. aur-
eus and Gram-positive bacteria as well such as B. sub-
tilis which failed to grow at a 200 mg/L concentration 
of ZnO-NPs (Liu et al., 2009; Jiang et al., 2009; 
Santimano and Kowshik, 2013). 

In the current investigation, O. niloticus samples 
taken from Abo-Saleh fish hatchery, Beni-Suef Uni-

Fig. 12. Photomicrograph of fifth group of O. niloticus 
fed diet 3 showing: A) Normal histological picture of 
gills (primary "P" and secondary "S" filaments); B) 
Normal histological architecture of hepatocytes (H), 
central vein (arrow) and pancreatic tissues (P); C) 
Normal histological architecture of red (RP), white (WP) 
pulps and melanomacrophage centers (arrowheads); D) 
Normal histological picture of renal corpuscle (arrow-
head) and tubules (T). H&E stain, scale bar: 200 µm, 
100 µm, 100 µm and 100 µm, respectively.

Fig. 13. Photomicrograph of six group O. niloticus fed 
diet 3 then injected intraperitoneally with 200μl of patho-
genic C. freundii at 1.5 × 105 concentration showing: 
A) Normal histological picture of primary (P) and secon-
dary (S) gill filaments; B) Normal histological structure 
of hepatic cells and cords (H) as well as central vein 
(arrow) and pancreatic tissues (P); C) Normal histo-
logical architecture of splenic red (RP) and white (WP) 
pulps; D) Normal histological architecture of renal glo-
merulus (arrowheads) and tubules (T). H&E stain, scale 
bar: 200 µm, 100 µm, 200 µm and 100 µm, respectively.
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versity, Egypt, showed mortality and symptoms of 
septicemia. C. freundii (MW279218 C. freundii Q. 
nilotica) and Klebsiella oxytoca (MW227610 K. oxy-
toca Q. nilotica) were the two bacteria strains that 
were registered in the gene bank after isolation and 
molecular identification. To the best of our knowl-
edge, C. freundii, rather than Klebsiella oxytoca, is 
the cause of mortality and economic losses in fish 
farms, particularly in O. niloticus (Abdel-Latif and 
Sedeek, 2017). As a result, after in-vitro testing, ZnO- 
NPs were used to prevent C. freundii infection. A 
histological analysis was also performed to determine 
the product's effect on fish organs.

The biocidal efficacy of nano-zinc oxide against 
isolated strains of C. freundii demonstrated that 
ZnO-NPs were 100 percent effective at the maximum 
concentration of 70 mg/L as compared to the lowest 
concentrations (35 and 45 mg/l). The average size of 
ZnO-NPs ranged from 31.4 to 91.2 nm, according to 
the TEM micrograph. Furthermore, both (Shi et al., 
2014) and (Dutta et al., 2013) revealed that the bio-
cidal efficacy of ZnO-NPs is due to a buildup of 
ZnO-NPs in the cytoplasm of bacterial cells, which 
causes Zn2+ to be produced, which is then directed 
to damage the protein in the bacterial membrane, re-
sulting in bacterial death. Furthermore, ZnO-NPs 
demonstrated a possible biocidal effect at a diameter 
of 30 nm, causing bacterial mortality by disrupting 
the cell membrane integrity (Jiang et al., 2016).

After injection with C. freundii MW279218, the 
group fed 200 mg ZnO-NPs / kg of fish feed had 
a high survival rate. The current findings were sup-
ported by Das et al., (2020) who approved that using 
Zn-ONPs had bactericidal activity against Aeromonas 
veronii infection in Xiphophorus hellerii. Moreover, 
Shaalan et al., (2017) recorded that ZnO-NPs in-
hibited the growth of A. salmonicida, Y. ruckeri and 
A. invadans. This could be due to ZnO-NPs producing 
hydrogen peroxide (H2O2) and reactive oxygen spe-
cies (ROS). When ZnO-NPs came into contact with 
microbial cells, they induced membrane malfunction, 

cell membrane breakdown, and cell damage. In addi-
tion to interrupting transmembrane electron transport, 
which is one of its antibacterial actions against harm-
ful microbes, ZnO-NPs have other antimicrobial prop-
erties (Sirelkhatim et al., 2015). ZnO-NPs also boost-
ed fish growth and metabolic activities, which im-
proved fish immunity. (Thangapandiyan and Monika, 
2020). These is supported by the elevation of both 
IL-10 and complement 5 immune-related genes in fish 
fed a diet enriched with ZnO-NPs in the current study. 
Previous research has looked into the impact of 
ZnO-NPs in improving the immunological response 
of Oreochromis mossambicus in the form of Portunus 
pelagicus-1, 3 glucan binding protein based ZnO-NPs 
(Pp-GBP-ZnO NPs) supplemented diets (Anjugam et 
al., 2018). Cellular immune responses (myeloperox-
idase activity, lysozyme activity, and reactive oxygen 
species activity) were also improved, as were humoral 
immunological responses (complement activity, anti-
protease activity, and alkaline phosphatase activity) 
(Anjugam et al., 2018). Moreover, Ghazi et al., (2021) 
reported that fish received Se/Zn-NP had the highest 
phagocytic activity, phagocytic index, lysozyme ac-
tivity, and immunoglobulin M, followed by Se-NP, 
Zn-NP. Histopathological changes were also demon-
strated in all fish groups in this study before and after 
injection of C. freundii to understand the effect of 
ZnO-NPs on preventing the devasting effect of C. 
freundii in fish tissue as up till now there are few data 
on the pathogenesis of this disease in fish (Baldissera 
et al., 2018). In the present study, infected fish pre-
sented congestions of gill tissue, diffuse vacuolar de-
generation in the hepatocytes together with dilatation 
and congestion of hepatic sinusoids and main hep-
aopancreatic vessels. Spleen also showed formation 
of numerous MMCs around the vessels and depletion 
of splenic pulps. The kidney showed degeneration and 
necrosis of renal tubules, interstitial infiltration of 
mononuclear cells. These results were supported by 
(Junior et al., 2018) who mentioned that C. freundii 
infection was characterized by liver degeneration, de-
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crease in the amount of renal hematopoietic tissue, and 
the presence of melanomacrophage centers (MMCs) 
in the spleen and cephalic kidney of infected fish. 
These close results illustrate that mortality occurs in 
C. freundii infected fish may be contributed to histo-
pathological lesions in fish vital organs. Amazingly, 
fish fed diet containing 100 mg of ZnO-NPs /kg of 
feed had mild vacuolar degeneration of the hep-
atocytes with mild dilatation and congestion of hep-
atic sinusoids which may explain the mortality in this 
group. Moreover, fish fed on diet containing 200 mg 
of ZnO-NPs /kg of feed had normal histological archi-
tecture of gills, liver, kidney, spleen and kidney.

 

Conclusion

There were two strains of bacteria that were regis-
tered in the gene bank; C. freundii (MW279218_ 
C._freundii_Q._nilotica) and Klebsiella oxytoca (MW 
227610_K._oxytoca_Q._nilotica). These strains may 
be the cause of mortality in O. niloticus samples. 
ZnO-NPs have higher antibacterial activity against C. 
freundii MW279218 than traditional ZN-O. Adding 
200 mg ZnO-NPs per kg feed succeeded in preventing 
C. freundii MW279218 in O. niloticus with lower 
mortality and without histopathological alterations 
compared to a 25% mortality rate and mild histo-
pathological alterations in the group fed 100 mg ZnO- 
NPs /kg feed group and 50% mortality rate with se-
vere histopathological changes in the positive control 
group.
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