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Abstract
This study was performed to identify various bacteria from feces of calves suffering from diarrhea, and to
determine in vitro antimicrobial activity of silver, gold and copper nanoparticles against the antibiotic-resistant
bacteria isolated from fecal samples. Fecal samples were collected from 153 diarrheic calves and primarily tested for
the presence of Escherichia coli, Salmonella spp. and Staphylococcus aureus using bacteriological examination,
biochemical reactions and polymerase chain reaction. The minimum inhibitory concentrations of silver, gold and
copper nanoparticles against identified bacterial isolates were determined by a broth dilution method. 84 bacterial
isolates from the 153 fecal samples were identified using bacteriological, biochemical and genotypical methods.
Escherichia coli was considered the most frequent bacterium isolated numbering 31 (36.90%) followed by
Salmonella sp. as the second most prevalent 16 (19.04%). Further isolates such as Staphylococcus aureus 10
(11.90%) were isolated and identified. The MIC values of silver, gold and copper nanoparticles with a size of 10
nanometers (nm) against the three types of bacteria were ranged from 0.625 to 10 μg/ml, 2.5 to 20 μg/ml and 2.5 to
20 μg/ml, respectively. While these values with a size of 20 nm were 0.312 to 2.5 μg/ml, 1.25 to 10 μg/ml and 2.5 to
10 μg/ml, respectively. Additionally, the mean time of the antimicrobial action of silver, gold and copper
nanoparticles at concentration 10 nm against all isolates was 5 min, 30 min and 15 min, respectively. Using of these
nanoparticles in a concentration of 20 nm, the mean time was 1, 15 and 5 min, respectively. These in vitro results
clearly indicate that the silver, gold and copper nanoparticles might have a superior activity and rapid onset of action
against the Gram negative bacteria E. coli and Salmonella spp. and the Gram positive bacteria Staphylococcus
aureus with diarrheal origin.
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Introduction
Calf diarrhea caused by bacterial infection has a bad effect on the
dairy industry all over the world when calves are reared intensively. It
involves significant economic loss for labor and capital, calf mortality,
loss in calf value and veterinary costs [1,2]. The pre-weaning mortality
of dairy calves was estimated by the National Animal Health
Monitoring System in the United States at 10.8% with diarrhea
responsible for more than half of those deaths [1,3]. Diarrhea caused
by a variety of bacteria has been recognized as one of the most public
clinical problems for calves worldwide. Among these bacteria
Eschirechia coli (E. coli) as “white scour”, Salmonella typhyimurium
(S. typhimurium), Clostridium perfringens (C. Perfringens) and
Staphylococcus aureus (St. aureus) are believed to be the major
microbial causes of diarrhea in calves [4-6].
Antimicrobial agents are considered popular to fight diarrhea in
calves. Nevertheless, their wide spectrum of activity, the emergence of
microbial tolerance of different antimicrobial agents has become a
well-known phenomenon, which represents a major concern [7].
Resistance to antimicrobial agents was frequently occurred in
Salmonella species and E. coli particularly in pre-weaned dairy calves
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[8]. The frequent resistance of various microorganisms to the majority
of antimicrobial agents is catching the attention of a great deal of
awareness. The World Organization for Animal Health (OIE), Food
and Agriculture Organization of the United Nations (FAO), and
World Health Organization (WHO) have all commented on the severe
threat formed by antibiotics-resistant bacteria in livestock and human
health [9]. The frequent use of antibacterial agents has created the
selective pressure to enhance the rising rates in antibiotic tolerance to
different types of bacteria [10,11]. Consequently, due to the truth that
microorganisms developed resistance against several types of
antimicrobial agents, communicable diseases persist to be one of the
most important public health problems in different countries. In
addition, the disadvantages of frequently used antimicrobial agents are
not only the development of multiple drug resistance, but also adverse
side effects [12]. As a result of antimicrobial resistance in the diarrhea
of pre-weaned calves, there is an increasing attention in using
alternative antimicrobial agent [1,7]. Consequently, there is an urgent
need to find out an innovative approach and recognize new
antimicrobial agents from natural and inorganic substances to develop
the next generation of antimicrobial agents to control different
microbial infections [7]. Therefore, Nanoparticles (NPs) are
considered one of the most important new policies for treatment of
antimicrobial-resistant bacteria [13,14]. Ravishankar and Bai indicated
that NPs have distinctive and well characterized physical and chemical
properties which can be worked properly for suitable applications [15].
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Furthermore, their potent antimicrobial action as a result of large
surface area to volume ratio has given them an added advantage to
face the troubles of antimicrobial resistance. NPs in the range of 2 to
100 nm are believed to be NPs [14]. Silver nanoparticles (AgNPs) were
studied by Rajawat and Qureshi who discovered a promising
antimicrobial activity against a wide variety of bacteria and fungi [16].
The highest susceptibility of AgNPs was noticed against Methicillin
resistant Staphylococcus aureus (MRSA) while; a moderate
antimicrobial activity was observed in different isolates of gram
negative pathogens such as Salmonella typhi [15,17]. The main causes
of using AgNPs as antimicrobial agents are chiefly due to its wide
spectrum of activity, low cost and high efficacy rate [15]. Previous
researches demonstrated that the antimicrobial effect of AgNPs could
be used as valuable bactericidal agents. Due to the current progresses
in research on metal NPs, AgNPs have received special attention as a
potent antimicrobial agent. When certain particles are extremely small
size, nanosize, the number of particles may be increased in the unit
area. Dehkordi et al. [18] found that the total surface area of the
nanosized AgNPs is larger than that of large-sized silver in identity
volume, and then the antimicrobial activity of the AgNPs is more
effective than the large-sized silver. Consequently, the syntheses and
characterization of small sized particles open the chance of
formulation of a new generation of bactericidal agents. Sreekanth et al.
[19] noticed that the antimicrobial activity of Gold nanoparticles
(AuNPs) was increased due to their larger total surface area per unit
volume. Therefore, AuNPs have higher antimicrobial and antifungal
activity than large-sized gold [20,21]. Lokina and Narayanan studied
the antimicrobial and antifungal activities of AuNPs synthesized from
grape extract and they reported that the AuNPs had a promising effect
against most the tested fungal and multidrug resistant strains of
bacteria [22,23]. The efficacy of the antibacterial activity of AuNPs can
be increased by adding antibiotics [15]. Moreover, copper
nanoparticles (CuNPs) are observed to have antimicrobial activity
against several species of bacteria and fungi [14]. Scanty studies have
indicated that CuNPs have antimicrobial activity against bacteria such
as E. coli and Staphylococcus species and similar antifungal properties
were also reported [22,24,25]. Unfortunately, in a parallel way, while
scientists develop new, efficient antimicrobial agents, there is no doubt
that microbial tolerance to silver also is produced. Consequently, other
heavy metals, mainly gold and copper, have been tested to study their
various antibacterial effects [26]. Referring to the existing scientific
literature, no data have been published in antimicrobial activity and
the onset time of action of AgNPs, AuNPs and CuNPs against various
bacterial species isolated from diarrheal calf. Therefore, the objectives
of the current study were thus to (i) isolate and identify various
bacteria isolated from feces of calves suffering from diarrhea,
including Gram-negative bacteria such as E. coli, S. typhimurium and
Gram-positive bacteria such as St. aureus and (ii) to evaluate the
antimicrobial activity and onset time of action of AgNPs, AuNPs and
CuNPs against the antibiotic-resistant bacterial isolates.

Materials and Methods
Nanoparticles
AgNPs colloidal solution (Cat. No: PL-Ag-S10-5 mg, 10 nm & Cat.
No: PL-Ag-S20-5 mg, 20 nm), AuNPs colloidal solution (Cat. No: PLAu-S10-0.05 mg, 10 nm & Cat. No: PL-Au-S20-5mg, 20 nm) and
CuNPs colloidal solution (Cat. No: PL-Au-S10-0.05 mg, 10 nm & Cat.
No: PL-Au-S20-5 mg, 20 nm) were used in the current study. All NPs
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were purchased from PlasmaChem GmbH, Rudower Chaussee 29,
D-12489 Berlin, Germany.

Sample collection
Fecal samples from the perineal region of 153 young calves (3- 6
months of age) suffering from diarrhea were collected into sterile
plastic tubes and transported to the laboratory in a cool box. Samples
were directly placed onto peptone water and incubated overnight at
37°C as pre-enrichment. A loopful from each of the peptone water was
then cultured onto MacConkey agar (MCA) (Oxoid, UK) and
Columbia agar supplemented with 5% horse blood (bioMérieux). All
the culture plates were incubated aerobically and anaerobically at 37°C
for 24-48 h. To obtain a pure bacterial culture, suspect colonies were
carefully picked and subcultures on blood agar and nutrient agar and
then incubated for 18-24 h at 37°C. A stock culture from each isolate
was then stored at 4°C for further analysis.

Detection of bacterial fecal pathogens
Isolation and biochemical reactivity of E. coli, Salmonella spp and
St. aureus: The main culture was carried out in Nutrient agar and
Nutrient broth media. Subcultures were done in MCA, Blood agar,
Staphyloccous agar no. 110, Eosin-Methylene Blue (EMB) agar,
Salmonella- Shigella (SS) agar to obtain pure cultures and to study the
cultural characteristics of E. coli, Salmonella spp. and St. aureus. The
microorganisms were isolated from suspected cases of fecal samples,
then stained with Gram’s staining techniques according to Merchant
and Packer [27]. After culture characterization of E. coli, Salmonella
and St. aureus on different culture media as EMB agar, SS agar and
Staphylococcus agar No. 110; all isolates were identified by various
biochemical tests including Triple sugar iron (TSI) agar slant reaction,
Voges–Proskauer (VP), Methyl-Red (MR), Indole and Motility indole
urease (MIU) according to the methods described by Merchant and
Packer [27].

Molecular diagnosis of E. coli, Salmonella spp and St. aureus
Molecular identification of E. coli strains: A total of 36 isolated
strains of E. coli were grown in nutrient broth at 37C for 18-24 h. 1.5
ml of the culture was centrifuged at 5000 rpm for 10 min. The bacterial
pellet was lysed by boiling for one minute in 150 µl of Distilled Water
(DW) in a water bath. The lysate was centrifuged again as mentioned
above and the supernatant containing DNA was used directly as
template for PCR. Molecular detection of E. coli isolates were carried
out by PCR for the presence of Heat-Stable (ST) and Heat-Labile
Exotoxin (LT) enterotoxin genes. The primers presented in Table 1
magnify Heat-Stable (STa) and Heat Labile (LT1) enterotoxins,
respectively [28]. These oligonucleotide primers were designed by
Biomers, Ulm, Germany. PCR technique was carried out in a 25 µl
reaction volume containing 0.5 µM of each primer, PCR master mix
with 3 mm of MgCl2 and 3 µl of template DNA. The reaction mixtures
were amplified with 25 cycles, each consisting of 30 s at 94C, 60 s at
45C and 90 s at 72C in a T100 thermal cycler (BioRad, USA) for both
genes independently. Amplified PCR products were analyzed by gel
electrophoresis in 1.5% agarose gel containing ethidium bromide [29].
The products were visualized with PhotoDoc-ItTM 65 Imaging system
(Cambridge, UK).
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Molecular identification of Salmonella spp.
The bacterial DNA of Salmonella spp. was extracted by diluting the
fecal samples 10 fold in phosphate buffered saline. According to the
method explained by Chiu and Ou, 1 ml of the diluted sample was

inoculated into Selenite broth and incubated at 37°C for 6h without
shaking [30]. 1 ml of each culture was centrifuged and then the
sediment was washed six times with sterilized water and finally
suspended in 1 ml of sterilized water.

Isolate

Amplified gene

Forward PCR primer sequence (5"-3")

Reverse PCR primer sequence (5"-3)

E. coli

ST

TTTATTTCTGTATTG TCTTT

ATTACAACACAGTTCACAG

LT

AGCAGGTTTCCCACCGGATCACCA

GTGCTCAGATTCTGGGTCT

Salmonella sp.

fimA

CCTTTCTCCATCGTCCTGAA

TGGTGTTATCTGCCTGACCA

St. aureus

nuc

TCAGCAAATGCATCACAAACAG

CGTAAATGCACTTGCTTCAGG

mecA

GGGATCATAGCGTCATTATTC

AACGATTGTGACACGATAGC

16S rRNA

GTGCCAGCAGCCGCGGTAA

AGACCCGGGAACGTATTCAC

Table 1: PCR primer sequences used for identification of E. coli, Salmonella spp. and St.aureus isolated from feces of calves suffering from
diarrhea
Then, the suspension was kept at 95°C for 15 min and after
centrifugation at 5000 rpm for 5 min, 10 ml or the supernatant was
directly used for PCR. PCR amplifications were carried out by a pair of
primers specific for the fimA gene encoding for the biosynthesis of
fimbriae A of Salmonella spp. As shown in Table 1, the pair of primers
amplifies 85-bp fimA gene fragment. The PCR amplification mixture
(25μl) which was used for the detection each gene includes 12.5 μl of
(Green master mix, 2x, which provided by Promega, U.S.A.) include:
bacterially derived Taq DNA polymerase; dNTPs which include: 400
μM of each dATP, dGTP, dCTP, dTTP; 3 mM of MgCl2; Yellow and
blue dyes as loading dye), 2.5 μl of template DNA, 1.25 μl of each
forwarded and backward primers and 7.5 μl of nuclease free water to
complete the amplification mixture to 25 μl. The PCR tubes containing
an amplification mixture were transferred to a T100 thermal cycler
(BioRad, USA) and started the program for amplification of the fimA
gene. After PCR, the profiles of amplification products were detected
by gel electrophoresis. Ten microliters of the total reaction mixture
was loaded on a 2% agarose gel and electrophoresed at 100V at 70 mA
for 45 to 60 min. The amplified DNA fragments were visualized by
PhotoDoc-ItTM 65 Imaging system (Cambridge, UK).

Molecular identification of St. aureus strains
PCR amplifications were done with a pair of primers specific for the
nuc gene which encodes of the St. aureus -specific region of the
thermonuclease gene St. aureus; mecA, a determinant of methicillin
resistant and a genus-specific 16S rRNA sequence used as an internal
amplification control for staphylococcal DNA. PCR primers specific
for St. aureus nuc gene, mecA gene and 16S rRNA gene were designed
according to the sequences published by Biomers, Ulm, Germany. The
three pairs of primers amplify 255-bp nuc gene fragment, 527-bp
mecA gene fragment and 886-bp 16S rRNA gene fragment,
respectively. PCR amplification was carried out in 0.5 ml tubes in a
final reaction volume of 24 μl. The PCR master-mix consisted of 22.5
μl ready-mix, 0.5 μl purified water, nuc-F (0.25 μl), nuc-R (0.25 μl),
mec-F (0.25 μl), and mec-R (0.25 μl). A DNA sample of 1 μl was used
as the target in the PCR. The amplification was done with an
automated T100 Thermal Cylcer (BioRad, USA).
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Antimicrobial resistance of fecal pathogens
Primarily, all isolates sub-cultured on Mueller-Hinton agar plates
and incubated at 37°C for 18 to 24 h aerobically. Then the isolates were
suspended in 0.1 ml sodium phosphate solution thus the turbidity was
equal to that of a 0.5 McFarland standard and streaked again onto
Mueller-Hinton agar plates. MICs were determined by broth
microdilution according to Clinical Laboratory Standards Institute
standards using a 96 microtiter plate (Sensititre, Trek Diagnostic
Systems, Westlake, OH) [31]. Salmonella and E. coli isolates were
examined using a custom plate developed for Gram-negative bacteria
(catalog # CMV1AGNF); St. aureus isolates were examined utilizing a
custom plate developed for Gram positive bacteria (catalog #
CMV2AGPF). CLSI suggestions were followed by testing, quality
control organisms, each time antibiotic resistance testing was carried
out. The quality control organisms included E. coli ATCC 25922, S.
typhimurium ATCC 14028 and St. aureus ATCC 29213. Briefly,
Mueller-Hinton agar plates were streaked with bacterial Cryobank to
obtain isolated colonies. After incubation at 37°C overnight, select 4 or
5 well-isolated colonies with an inoculating needle or loop, and
transfer the growth to a tube of sterile saline of NaCl and vortex
thoroughly. The turbidity of the actively growing broth culture is
adjusted by using SensititreTM Nephelometer (TREK Diagnostic
Systems, East Grinstead, UK) with sterile saline to obtain turbidity
optically comparable to that of the 0.5 McFarland standards (ca. 1 ×
105 colony forming unit (cfu) /ml) and then inoculate 11 ml cation
adjusted Mueller-Hinton broth tube with 15-50 μl of the adjusted
broth culture. Screw the dosing head on the tube and inoculate 50 μl in
each well of the microtitre plate. The microtitre plates were sealed with
a foil and then incubated for 24 h at 37°C. Interpretation of all plates
was achieved using the Sensititre automatic reader (TREK Diagnostic
Systems, East Grinstead, UK).

Efficacy of NPs against antibiotic resistant fecal bacteria
The current study investigated whether antibiotic resistant E. coli,
Salmonella spp. and St. aureus strains were susceptible to AgNPs,
AuNPs and CuNPs. The MIC determinations of the tested NPs for a
total 35 antibiotic-resistant isolates of E. coli (15 isolates), Salmonella
spp. (10 isolates) and St. aureus (10 isolates) were carried out using the
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serial dilution technique. The dilutions tested were 0.039 to 160 µg/ml
and the MIC was calculated after 24 h of incubation at 37°C. The first
dilution with no visible growth was considered as the MIC for each
isolate. The concentration of the AgNPs, AuNPs and CuNPs capable
of stop the observable growth of 50% of a population of
microorganisms is known as MIC50 and the concentration of the
AgNPs, AuNPs and CuNPs able to inhibit the observed growth of 90%
of a population of microorganisms is defined as MIC90. Pure colonies
were used: E. coli ATCC 25922, S. typhi ATCC 14028 and St. aureus
ATCC 25923.

Determination of the initial action of NPs
To test the beginning action of AgNPs, AuNPs and CuNPs, 0.1 ml
of tryptose soya broth (TSB) media containing 3×108 cfu/ml from each
isolate were inoculated into 13 sterile test tubes, each having 20 ml of
TSB plus Ag (10 μg/ml), Au (20 μg/ml) and Cu (40 μg/ml) NPs (the
concentration of NPs used in this trial was the same as MIC90 obtained
in the previous test). The media were incubated at 37°C for 0, 1, 5, 10,
15, 30, 45, 60, 90,120, and 180 min (for tubes no. 1 to 13), respectively.
Using a sterile swab, samples from these tubes were sub-cultured onto
plates containing 8 ml of blood agar and incubated at 37°C for three
days. The test was repeated two times to obtain correct results.

Results
Characterization of bacterial fecal pathogens
Isolation and identification of E. coli, Salmonella spp., and St.
aureus were carried out by using morphological, biochemical and
genotypic characteristics. A total of 84 bacterial isolates were obtained
from the 153 fecal samples. E. coli was considered the most frequent
bacterium isolated (36.90%) followed by Salmonella sp. as the second
most prevalent (19.04%) (Table 2). Further isolates such as Klebsiella
spp. (16.66%), St. aureus (11.90%), Enterococcus fecalis (8.33%) and
Culture
media utilized

Shigella sp. (7.14%) were isolated respectively. In the current study, all
samples were found positive for E. coli gives a positive reaction to
lactose fermentation on MacConkey agar plate, metallic green sheen
colonies on EMB plates and yellowish green colonies on Brilliant
Green Agar (BGA). All samples were positive for Salmonella
producing negative reaction to lactose fermentation on MacConkey
agar plate. Opaque, transparent and pale colonies were produced on SS
agar and pale pink color colonies against a pinkish background on the
BGA. Additionally, all samples were found positive for St. aureus
producing yellowish colonies on tryptose soya agar and hemolysis on
blood agar (Table 3). The various isolates of E. coli, Salmonella and St.
aureus demonstrated identical results in various biochemical assays
including sugar fermentation, Triple Sugar Iron (TSI) slant, Motility
Indole Urease (MIU) test, Indole, Methyl Red and Voges-Proskauer
Test (MR-VP), citrate utilization tests and Coagulase test. St. aureus
produce acid but no gas by fermenting various sugars and gave
positive reaction to coagulase, catalase and methyl red tests but
negative reaction to Indole and Voges Proskeur test.
Bacterial isolates

Number of isolates

Percentage (%) of isolates

Escherichia coli

31

36.90

Salmonella spp

16

19.04

Klebsiella spp

14

16.66

St. aureus

10

11.90

Enterococcus fecalis

7

8.33

Shigella spp

6

7.14

Total

84

100.00

Table 2: Frequency of bacterial species isolated from calves suffering
from diarrhea

Detection
E. coli

Salmonella spp.

St. aureus

Nutrient agar

Smooth, rounded, white to grayish Small, circular and smooth colonies
colony with unusual putrid odor

Growth of circular, small, smooth,
convex, and golden yellowish colonies

Blood agar

Demonstrate haemolysis

Demonstrate haemolysis

Demonstrate haemolysis

Mac Conkey agar

Rosy pink lactose fermenter colonies.

Colorless, pale, translucent colony.

No growth (-)

Salmonella, Shigella (SS) agar

Pink color colony

Translucent colorless smooth colony

No growth (-)

Staphyloccous Agar no. 1 0

No growth (-)

No growth (-)

Yellow colonies

Eosin-Methylene Blue (EMB) agar

Moist circular colonies with dark centers No growth (-)
yellow, green metallic sheen

No growth (-)

Table 3: Identification of isolated microbial pathogens by cultural properties
From a total of 153 samples taken from calves with diarrhea, 31 E.
coli isolates were obtained. 22 isolates carried the gene for LT alone,
five carried the gene for the ST, and the remaining four isolates carried
genes for both LT and ST (Figure 1). All Salmonella strains "standard
and isolated" (Figure 2) were positive for the amplification of the fimA
gene and the specific PCR product "85 bp fragment" was visualized by
agarose gel electrophoresis and ethidium bromide staining. No
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amplification could be observed with all non Salmonella strains. The
St. aureus strains were amplified, while the non St. aureus were not.
The PCR product appeared as a single DNA band with a size close to
that of the 255-bp (Figure 3). Repeat testing of some of the strains that
we examined showed the same results. The sensitivity and specificity
of the universal 16S rRNA primer set, mecA as well as that of the nuc
gene primer set were about 100%.
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0.312-2.5 μg/ml, 0.312-2.5 μg/ml, 0.625-2.5 μg/ml with MIC90 values of
2.5 for the three tested pathogens, respectively.

Figure 1: DNA amplification of a 171 bp and bp of E.coli detecting
STa and LT1 genes. Lane M: DNA molecular marker (I100 bp
ladder), lanel: control positive, lane: control negative, 3,4,5 positive
results as E.coli.

Figure 2: DNA amplification of a 85 bp of Salmonella spp. detecting
fimA gene. M: 100 bp marker, C+: control posive, C-: control
negative, 1, 2, 3, 4, 5, 6, posive results as salmonella spp.

The antimicrobial effect of AgNPs, AuNPs and CuNPs
against bacterial calf diarrhea
The present study is the first one to evaluate the activity and onset
time of action of AgNPs, AuNPs and CuNPs on E. coli, Salmonella
and St. aureus strains isolated from the feces of calves suffering from
diarrhea. Using the serial dilution method, the MIC range, MIC50 and
MIC90 values (MIC that inhibited 50 and 90% of the isolates tested,
respectively) of AgNPs, AuNPs and CuNPs for E. coli, Salmonella and
St. aureus field isolates are summarized in Table 4. According to the
results, the MIC range values of silver nanoparticles (10 NM) against
E. coli, Salmonella and St. aureus strains were 0.625-5 μg/ml, 1.25-10
μg/ml and 0.625-5 μg/ml with MIC90 values of 5 μg/ml, 10 μg/ml and 5
μg/ml, respectively. While this range value of AgNPs (20 NM) was
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Figure 3: Lane M, molecular size marker (100 bp marker); Lane 1, 3,
3, 4, 5, 6 positive 16S RNA and nuc genes. Lane 2, negative mecA
gene. C+: control positive, C-: control negative
The MIC range values of AuNPs (10 NM) against E. coli,
Salmonella and St. aureus strains were 2.5-20 μg/ml, 5-20 μg/ml and
5-10 μg/ml with MIC90 values of 20μg/ml, 20 μg/ml and 10 μg/ml,
respectively. While these range values for AuNPs (20 NM) were 2.5-10
μg/ml, 1.25-5 μg/ml, 2.5-10 μg/ml with MIC90 values of 10 μg/ml, 5
μg/ml and 10 μg/ml for the three bacteria, respectively. The MIC range
values of CuNPs (10 NM) against E. coli, Salmonella and St. aureus
strains were 5-20 μg/ml, 2.5-20 μg/ml and 2.5-20 μg/ml with MIC90
values of 20 μg/ml for the three types of bacteria, respectively. While
the MIC range values of CuNPs 20 NM was 2.5-10 μg/ml with MIC90
values of 10 μg/ml for all tested pathogens. From the previous results,
all isolates were susceptible to AgNPs, AuNPs and CuNPs.
In addition, the results of the current investigation performed for
determining of the onset time of the antibacterial action of AgNPs,
AuNPs and CuNPs are demonstrated in Table 4. The range of the
onset time of action was 1-5 min, 15-30 min and 5-30 min for AgNPs,
AuNPs and CuNPs, respectively. Therefore, the result of the current
investigation demonstrated that nanoparticles of silver with a
concentration of 5-10 μg/ml after 1-5 min are able to kill E. coli,
Salmonella and St. aureus isolates. While AuNPs with a concentration
of 40-80 μg/ml) after 15-30 min and CuNPs with a concentration of
2.5-20 μg/ml after 5-30 min are able to kill nearly all isolates of testing
bacteria.

NPs and antibiotics resistance in isolated bacteria
A total of 31 isolates of E. coli, 16 Salmonella spp. and 10 St. aureus
demonstrated resistance to at least one of the tested antimicrobials.
74%-87% of E. coli strains, 75% of Salmonella spp. and 80% of St.
aureus were resistant to no less than three antimicrobial agents such as
ampicillin, tetracycline and sulfisoxanole. Additionally, 50%-70% of E.
coli strains, 60% of Salmonella spp. and 70% of St. aureus were
resistant to amoxicillin and chloramphenicol. However, nearly 20% of
all isolates were resistant to ceftiofur, naildixic acid. These results
suggested that the antimicrobial resistance of the E. coli might be
derived from the excessive use of antimicrobials of their hosts. In
contrast, all isolates demonstrated no degree of resistance when treated
with different concentrations of AgNPs, AuNPs and CuNPs (Table 5).
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Dilution
(µg/ml)

range Mean MIC

MIC 50

MIC 90

Average
start time
(min)

Ws

All isolates

A

B

C

A

B

C

A

B

C

Silver 10 nm

0.039-160

0.625-5

L25-10

0.625-5

2.5

5

1.25

5

10

5

5

Silver 20 nm

0.039-160

0.312-

0.31-

0.625-

1.25

1.25

1.25

2.5

tr)

2.5

1

Gold 10 nm

0.039-160

2.5

2.5

2.5

5

10

5

20

20

10

30

Gold 20 nm

0.039-160

2.5-20

5-20

5-10

5

5

5

10

if")

10

15

Copper 10 nm 0.039-160

2.5-10

1.25-5

2.5-10

10

10

10

20

20

20

15

Copper 20 nm 0.039-160

5-20

2.5-20

2.5-20

5

5

2.5

10

10

10

5

Table 4: Determination of MIC and onset time of action of the AgNPs, AuNPs and CuNPs against E. coli, S. typhyimurium and St. aureus
isolated from feces of calves suffering from diarrhea. A = E. coli, B = Salmonella, C = St. aureus.
Antimicrobial agent

Percentage (%) of resistant strains
A (31 strains)

B (16 strains)

C (10 strains)

Silver 10 nm

0

0

0

Silver 20 nm

0

0

0

Gold 10 nm

0

0

0

Gold 20 nm

0

0

0

Copper 10 nm

0

0

0

Copper 20 nm

0

0

0

Amikacin

41.93

43.75

30

Ampicillin

74.19

75

80

Amoxicillin

67.74

62.5

70

Ceftriaxone

45.16

43.75

50

Chloramphenicol

70.96

56.25

70

Ciprofloxacin

32.25

31.25

30

Cefoxitin

41.93

37.5

40

Gentamycin

58

56.25

40

Kanamycin

19.35

18.75

20

Naildixic acid

22.58

25

20

Sulfisoxanole

87

75

80

Streptomycin

41.93

43.75

30

Tetracycline

80.64

75

80

Nanoparticles

Antibiotics
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Ceftiofur

22.58

12.5

20

Table 5: Comparison between the resistance of NPs and antibiotics
against E. coli, S. typhimurium and St. aureus strains isolated from
calves suffered from diarrhea.

Discussion
Identification of bacterial fecal pathogens
In the current investigation, three various types of bacteria (E. coli,
Salmonella and St. aureus) were isolated from a total of 153 fecal
specimens collected from form pre-weaned calves suffering from
diarrhea. 31 samples were identified as E. coli which appeared as rosy
pink lactose fermenter colonies on MCA plate, moist circular colonies
with dark yellow centers, green metallic sheen on EMB plates and
yellowish green colonies on the BGA. Sixteen samples were identified
phenotypically Salmonella spp. because the organism on MCA plate
gave colorless, pale, translucent colony with negative reaction to
lactose fermentation, translucent colorless smooth colonies on S-S
agar and produce pink color colonies background on the BGA. Ten
samples were found positive for St. aureus producing yellow
pigmented golden colonies on Staphylococcus agar no. 110 and
hemolysis on Blood agar. Dissimilarities in the colony shape appeared
by the isolates may be as a result of losing or obtaining some
properties by the transfer of host or choice of host tissue as noticed by
Abdullah et al. [5].
Various biochemical tests, including Indole, Voges-Poskauer,
Methyl-red, Citrate, TSI, MIU and Coagulase were used to distinguish
between different isolates of bacteria in this study. E. coli gave positive
reactions to Indole and Methyl-red tests, but negative to VogesPoskauer, Citrate and Coagulase tests. St. aureus gave positive
reactions to Coagulase and Methyl red tests, however negative reaction
to Indole, Voges Proskeur, Citrate and MIU tests was reported.
Moreover, Salmonella spp. gave positive results to Methyl-red and
MIU tests while negative to the other tests. To date, the real reasons for
which the appearance of an identical result in biochemical reactions of
the three groups of recognized isolates were not obvious. There is no
doubt that nearly all bacterial isolates in the current investigation have
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several common genetic materials which might be responsible for the
appearance of similar type of biochemical reaction as reported by
Pandey et al. [32] and Honda et al. [33].
All bacteriological and chemically reactive positive fecal samples
were also positive with PCR and the specific PCR product for E. coli
(171 bp fragment of ST gene and 132 bp for LT gene), Salmonella (85
bp fragment) and St. aureus (255 bp fragment) could be demonstrated.
Also the results indicated that the PCR amplification of the ST and LT
enterotoxin genes of E. coli, fimA gene sequence of S. typhimurium
and nuc gene sequence could be used as a target sequence for fast and
susceptible technique for direct detection of E. coli, Salmonella and St.
aureus in the fecal samples of diarrheic calves [34].

Antibiotic resistance and antimicrobial effect of various NPs
The present study is the first one to evaluate the effect of AgNPs,
AuNPs and CuNPs on E. coli, Salmonella and St. aureus isolated from
feces of calves suffering from diarrhea. Therefore, the antimicrobial
sensitivity test of three various types of bacterial isolates to 14 different
antimicrobial agents were studied. The sensitivity investigation
demonstrated that the majority of the E. coli, Salmonella spp. and St.
aureus were tolerant to ampicillin, tetracycline, sulfisoxanole,
amoxicillin and chloramphenicol. Similar results were obtained by
Abdullah et al. [5], Ahmed et al. [35], Genovese et al. [36] and Nazir
who stated that calf isolates were resistant to ampicillin, amoxicillin,
erythromycin and gentamicin [37]. These findings were somewhat
different with the results of Panower et al. [38] and Joon & Kaura who
stated that most of the microorganisms isolated from calves suffering
from diarrhea were highly susceptible to chloramphenicol and
tetracycline and moderately sensitive to ampicillin and amoxicillin
[39]. The variation in the susceptibility of antimicrobial agents against
the fecal isolates may be due to the outcome of selection and also the
random apply of antibiotic in various disease stages to different animal
species.
The appearance of multidrug-resistant bacteria is documented as an
important problem for public health worldwide. Killing of antibioticresistant microorganisms requires numerous expensive antimicrobial
agents that may possibly have harmful effects. Consequently,
treatment is expensive and needs prolonged time. A novel approach
can be offered by nanoparticles to deal with multidrug-resistant
bacteria [7]. Numerous NPs especially AgNPs have appeared as
promising antimicrobial agents in the medical field [40]. NPs are
considered alternative antimicrobial agents against antibiotic-resistant
bacteria. In the current study, AgNPs, AuNPs and CuNPs illustrated
astounding antimicrobial action against E. coli, S. typhi and St. aureus.
The bacteria, which are tolerant to antimicrobial agents, established
susceptibility to AgNPs, AuNPs and CuNPs [26,41,42]. As can be seen
from the current results, the mean MIC values of AgNPs, AuNPs and
CuNPs (10 and 20 nm) against E. coli, S. typhimurium and St. aureus
isolates were ranged from 0.62-10 µg/ml.
Similar findings have been recorded by other researchers who
demonstrated that AgNPs have antimicrobial effects [18]. Lee et al.
[11] revealed that AgNPs in colloidal solution at a concentration of 5
ppm have admirable antimicrobial effect against St. aureus and
Klebsiella pneumonia. Furthermore, Cho et al. [43] reported that the
AgNPs with 5 ppm have the ability to kill different isolates of St.
aureus. Dehkordi et al. [44] also found that the AgNPs have an
excellent effect against Escherichia coli. Lima et al. [26] found that
AuNPs in colloidal solution have an excellent biocide against to
remove E. coli and S. typhi at short contact times. Furthermore, The
J Bacteriol Parasitol
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antibacterial as well as antifungal activity of the CuNPs were studied
by Chatterjee et al. [42] using numerous types of bacteria, including
methicillin-resistant St. aureus, Bacillus subtilis, Pseudomonas
aeruginosa, Salmonella choleraesuis, and Candida albicans. They
found that CuNPs have a promising effect when used at a
concentration of 2 nm within short time. Therefore, NPs with
antibacterial properties represent an alternative approach to
antimicrobial agents. Their complex mechanism of action influences
various bacterial structures and gives them advantages compared to
antibiotics with more specific mechanism of action. Targets of NPs are
outer and inner bacterial structures (cell wall, plasma
membrane, proteins, and DNA).
The antimicrobial action of AgNPs is still not clear. Nevertheless,
AgNPs have the capability to attach to the cell wall of the bacterial cell
and consequently pierce it, hence causing different structural
alterations in the cytoplasmic membrane like the permeability of the
plasma membrane and hence the death of the bacterial cell. In
addition, attachment of AgNPs to the cell wall of the bacterial cell, will
lead to the formation of ‘pits’ on the cell surface, and there is an
accumulation of the nanoparticles on the cell surface [45,46]. The
formation of free radicals by the AgNPs may be believed to be another
cause of the cells die. The exact bactericidal mechanism of CuNPs is
still also not clear. CuNPs have a high antimicrobial activity against
different types of bacteria. This may be due to a larger quantity of
amines and carboxyl groups on the cell surface of bacteria and greater
affinity to copper towards these groups. Moreover, releasing of copper
ions may interact with DNA molecules and intercalate with nucleic
acid strands. Copper ions also inside the microbial cells may disrupt
biochemical processes [15,47]. AuNPs exert their antimicrobial action
mostly by two methods: the first one is to modify membrane potential
and inhibit adenosine triphosphate (ATP) synthesis activities to
diminish the level of ATP in the cell, leading to a general decline in
metabolism; the other is to inhibit the subunit of the ribosome for
tRNA binding, indicating a collapse of biological process [48].
The results of the present study demonstrated that the NPs possess
antimicrobial properties against various bacterial pathogens. Several
investigations have suggested the possible mechanisms involving the
interaction of NPs with the biological macromolecules. It is believed
that microorganisms carry a negative charge while nanoparticles carry
a positive charge. This creates an “electromagnetic” attraction between
bacteria and treated surface. Once the contact is made, the microbe is
oxidized and dead instantly. In general, it is believed that NPs release
ions, which react with the thiol groups (-SH) of the proteins present
on the bacterial cell surface [45]. Such proteins protrude through the
bacterial cell membrane, allowing the transport of nutrients through
the cell wall. NPs inactivate the proteins, decreasing the membrane
permeability and eventually causing the cellular death.
Key factors in the interaction of NPs with living tissues include size
(NPs with a few nanometres may reach well inside biomolecules),
dose, the ability of NPs to distribute within the body, in addition to
their solubility. Some NPs dissolve without difficulty and their effects
on living organisms are the same as the effects of the chemical they are
made of. Nevertheless, other NPs do not degrade or dissolve readily.
As an alternative, they may accumulate in biological systems and
persist for a long time, which makes such NPs of particular concern. It
is suggested that higher concentrations of NPs especially AgNPs are
toxic and can cause a variety of health problems [49,50]. Therefore,
care has to be taken to use this marvel well and in a good, effective,
and efficient way, understanding its limitations and taking significant
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care that it does not cause any harm to an individual or the
environment. It can be thought that if used correctly, NPs can be a
good friend, but if used haphazardly, they can become a strong enemy
[50].

12.

Conclusions

14.

Based on the results obtained in this study and from literature
review, it can be concluded that accurate diagnosis of bacterial calf
diarrhea with bacteriological, biochemical and molecular methods is
important to develop the best treatment. In addition, a promising
effect of silver, gold and copper nanoparticles was recorded in vitro
against antibiotic-resistant E. coli, S. typhimurium and St. aureus
isolated from feces of calves suffering from diarrhea. However,
nanoproducts’ safety is a worldwide concern, and continues studies
must be conducted in order to better comprehend the nano
interactions with organisms and environment.
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