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Abstract
The current study deal with 214 clinical samples taken from in- 
and outpatient’s of both sexes with different ages of Al-Hilla 
Teaching Hospital, Babylon Maternity and Pediatrics Hospital in 
Hilla city. All tests were conducted in the laboratories of the 
University of Kufa, College of Science, Department of Ecologi-
cal and Pollution Sciences, in 2022.57 bacterial isolates (26.6%) 
were isolated and identified according to their phenotypic char-
acteristics and biochemical tests. The current study declared 
that the isolation percentage was 39 (18.2%) and 18 (8.4%) for 
S. aureus and S. epidermidis respectively. The antibiotics sen-
sitivity to isolates were tested, as it included 27 antibiotics, by 
disk diffusion method, most of it showed high resistance. Mero-
penem, ceftriaxone, and amikacin were found to be the most 
effective antibiotics, the phytosynthesized ZnO (NPs) were also 
tested on the sensitivity of the isolates. The lowest inhibitory 
concentrations (MIC) for current isolates were high. While the 
ZnO (NPs) showed higher efficiency and lower concentrations. 
This study is important in pharmacological and epidemiological 
studies and could open up broader horizons to find alternatives 
to the antibiotics used previously. 
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Introduction
Bacteria are among the most important pathogens 

of humans and include many genera and species that 
are gram negative and positive, including Staphylococ-
cus spp. And it lead to health problems for millions of 
people all over the world, including Iraq, especially in 
hospitals, as it is one of the main causes of infection 
acquired from hospitals (Nosocomial Infections). In-
fections that were acquired by the patients, whether 
those infections are external source by the hospital 
during the period of its presence in all what it con-
tain from the air polluted with the types of microor-
ganisms, working medical staff, hospital land, health 
laundries, beds inside patient lounges, trolleys and 
treatment containers given by pharmacists, sterile 
containers and dilute disinfectants not depend on the 
system of medicine based on serious scientific founda-
tions as well as hospital kitchens and employees who 
are not subject to periodic or internal source medical 
examinations represented by microorganisms found 
within the normal flora on or within the human body, 
that the acquired infections from hospitals have the 
highest importance in being one of the most serious 
infections he encountered the world is still the prima-
ry concern of researchers, doctors and the specialized 
medical staff, especially the advanced ones within 
health institutions. 

Staphylococcus spp., which is one of the opportu-
nistic bacteria that are resistant to antibiotics, disinfec-
tants and sterilizers which are used to control germs, 
including bacteria. These bacteria have multiple vir-
ulence factors, including its resistance to antibiotics 
by many mechanisms, as it were stubborn towards the 
direction of antibiotics and therefore it were common 
in hospitals as a result of selective pressure and one of 
the most pathogens harmful to the host when it were 
infected with it, among the most prominent factors of 
its disease resistance to antibiotics by it was produce 
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enzymes shattered for these antibiotics, including be-
ta-lactamaze (Molina et al., 2018). 

The emergence of some mutant strains of the cur-
rent bacteria were result of randomization in the use 
of treatments for bacterial infections and without re-
ferring to specialists from bacteriologists to take an-
tibiotics sensitivity test to identification the bacterial 
cause and the appropriate treatment for its removal. 
Many of the antibiotics, including recently discov-
ered and used to treat bacterial infections, especially 
in countries that lack the scientific methods in its use, 
its susceptibility had become completely receding due 
to the development of bacteria by its mechanisms that 
resist to antibiotics, such as changing the permeabil-
ity of harmful substances across its walls and plasma 
membranes, and increasing its production of shatter-
ing materials for treatments or gels and mucous layers 
that protect it from the effect of treatments, for Staph-
ylococcus spp. ability to invade spreading, settle for 
possessing virulence factors, ability to damage body 
tissues, avoid and repel host defenses and treatments 
given to patients such as antibiotics and then spread 
to the body through blood flow (Bactermia). Zinc ox-
ide nanoparticle is one of the most research oriented 
material with multiple focus in downstream applica-
tions (Araujo-Lima et al., 2017). The microcrystals of 
this nanoparticles are the potent absorbers of UV A 
and UV B because of its wide region bandgap (Jones 
et al., 2008). The great rely of zinc oxide on biological 
evidences mainly focused on size of the particle, time 
of exposure, effect of concentration parameters, con-
centration of pH, and strategies of biocompatibility 
(Kalpana and Devi Rajeswari, 2018). so, through what 
was previously mentioned, the goal of the current ser-
ach for know possibility of S, aureus and S. epidermi-
dus to repel and resist the antibiotics and not affect 
on its vitality and its activity also, The effect of zinc 
nanoparticles on Staphylococcus spp growth. 

The materials & methods

Collection of specimens
214 pathological specimens were taken from in-

and out patients of Al-Hilla General Teaching Hospi-
tal and Babel Hospital for Women and Children for 
both gender and all ages using sterile containers for 
urine and swab for burns, wounds, seminal fluid, ear 
infections respiratory system infection then the sam-
ples were transferred to the laboratory. It were then 

cultured on MacConkey agar, nutrient agar, blood 
agar, and incubated for 24 hours in 37 ° C under air 
conditions. 

Bacterial isolates
S.aureus, S.epidermidis isolates were isolated from 

patients with burns, wounds, seminal fluid, urinary 
and respiratory tract infections, ear infections after 
culturing clinical samples on what I mentioned above 
of culture media (Macfaddin, 2000). 

Biosynthesis of zinc oxide nanoparticles
0.1M zinc nitrate hexahydrate at 2.97 gm was 

mixed with 400 ml of distilled water and 5 ml of fen-
ugreek leaf extract at 60°C for 10 minutes. Moreover, 
after 72 hours of incubation, the bottles were observed 
to change in color and pH. UV-visible spectroscopy 
was performed to confirm the interaction between the 
samples and the zinc nitrate solution. Further, centrif-
ugation was performed at 5000 rpm for 30 min, and 
pellets were collected and purified. 

Characterization of nanoparticles
Nanoparticles were characterized using a scanning 

electron microscope (SEM). The dried powder was 
mixed with acetone and loaded into the sample holder. 
The loaded sample was then dried under vacuum and 
subjected to SEM analysis. The purified dried pellets 
were subjected to Fourier transform infrared spectros-
copy using KBr pellets and the spectrum (resolution 
-4 nm) was observed in the 400–4000/cm range. 

Antibiotic susceptibility test 
Pharmacological sensitivity tested for S.aureus, 

S.epidermidis isolates. Using 27 ready-made antibiot-
ics produced by Bioanalyse-Turky CLSI(2010). 

Results & Discussion 
Fifty-seven bacterial isolates were return to S.au-

reus, S.epidermidis isolated from clinical cases, num-
bers and percentage, as mentioned in Table 1. Isolates 
were identified through its phenotypic (agricultural 
and microscopic) characteristics and biochemical 
tests Table 3.

The current results indicated that total isolation 
rate were (26.6%), and S.aureus prevailed on the type 
S.epidermidis in its isolation from the samples of the 
total patients with different clinical cases and with a 
ratio of (18.2%) for the first and (8.4%) for the second. 
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As for its proportion of the total number of Staphylo-
coccus spp. Isolated in this study were 68.4% for S.au-
reus bacteria and 34.6% for S.epidermidis bacteria. 

Figure 1. The persentage of S.aureus and S.epidermidis from 
total number isolates. 

These results were contrary to the results of Blanco 
and Ximena (2013), as we were able to isolate 77 bacteria 
isolates of Staphylococcus spp. Of these, 29 were affiliated 
with S.aureus and 48 belonged to S.epidemidis, negative 
Cogulase. Koosha et al (2016), able from isolating S.aureus
bacteria from hospitals, especially methicillin resistance
S.aureus (MRSA), indicated that it were very dangerous 
bacteria to patients and hospitalized patients attending 
to many health problems due to inefficiency of the treat-
ments given for the infections caused by these bacteria. 
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Figure 2.The percentage of S.aureus and S.epidermidis isolation 
from clinical cases. 

Chabi and Momtaz(2019) indicated that the fact 
that S.epidermidis, especially resistance to antibiot-
ics, which is common in human clinical infections in 
hospitals, as it possesses genes of virulent factors that 
enable it to infect humans and disqualify it from host 
defenses, and to resist antibiotics, sterilizers, and dis-
infectants. 

The percentage of isolation in the current study was 
from women and children with ages ranging between 
(65-16) (4-14) years (24.4%) and (17.5%) respectively, 
which is lower than that of men, as it reached (31.6%) 
table1, Interpretation of this may be due to the increase 
in infections, especially burns and urinary tract, which 
increases in the elderly, low immune, disabled, diabet-
ic and suffering from depression retention, in addition 
to the fact that the isolated bacteria are naturally pres-
ent in the human being, which when moving from its 
natural location to another site in the body leads to an 
occurrence health problems, as opportunistic patho-
gens were for humans. 

Most current isolates were characterized by its 
multidrugresistance to antibiotics and this may be 
that it are isolated from an environment characterized 
by selective pressure as a result of the continuous use 
of different types of antibiotics, sterilizers and disin-
fectants at random by the medical staff recently in the 
health service inside hospitals or patients who dislike 
treatment and continuity of treatment, in addition to 
it having multiple resistance mechanisms, including 
these related to the anatomical side of the bacterial 
cell, including what relates to its genetic material, and 
it contains multiple genes that protect because of its 
virulence and pathogenic factors, including its resis-
tance to modern antibiotics, including imbienim and 
old-fashioned erthromycin, trimetheprim, rifampicin 
and others antibiotics, this was confirmed by many 

Table 1
The Numbers and percentages of S.aureus and S.epidermides isolates isolated from clinical cases. 

For isolates (%) No. Total IsolatesNo. Total SamplesNo. samplesAge(year) 
+ ve-ve

31.6 319879 19Male(16-75Years) 
24.4 20826725Female(16-65Years) 

17.5 11.16 21814 4MaleChildren (4- 17 Years) 
26.6415105Female

34
26.6 577714Total

214
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studies, since many bacterial species and its strains 
have become resistant to many antibiotics. 

Table 2
Type of samples and numbers of isolates under study. 

Sources of 
Sample

Types of 
Sample

Sample No. 
(%) 

Positive No. 
(%) 

Clinical Samples

Burn 47(22.0) 24(42.1) 
Wound 41(19.2) 14(24.6) 
Urine 38(17.8) 7(12.3) 
Seminal Fluid 37(17.3) 4(7.0) 
Ear 29(13.6) 6(10.5) 
Sputum 18(8.4) 1(1.8) 
Blood 4(1.9) 1(1.8) 
Total 214(100) 57(26.6) 

Also, resorting to antibiotics by society as a result 
of common diseases, especially influenza, and ran-
domly giving them treatments without diagnosing the 
pathogen in vitro, or getting a mistake in its diagnosis 
and testing the sensitivity of the drug to it. 

Table 3
Types of bacteria isolated from the study samples. 

Bacterial 
isolates 
isolation 

from differ-
ent clinical 

cases

 Number of Isolates Total % 
Male Fe-

males
Children 

male
Children 
Females

S.aureus 23 17 1 1 39 68.4
S.dysente-
riae

9 3 1 3 18 31.6

Total 31 20 2 4 57 100 

Most current isolates such as S.aureus were sensi-
tive to meropenem and siftrixone as it reached 5.3% 
resistance, and no resistance was recorded by S.epider-
midis, while its resistance to norfloxacin, ciprofloxacin 
was 55.3% and 57.9%, 52.6% for S.epidermidis, respec-
tively. 

Table 4
Biochemical tests for S.aureus&S.epidermidis isolation from dif-
ferent clinical cases

S.epidermidisS.aureusBiochemical tests
G+ve cocci 
(clusters) 

G+ve cocci 
(clusters) 

Gram stain

-+Coagulase test
--Oxidase test
++Catalase test

S.epidermidisS.aureusBiochemical tests
G+ve cocci 
(clusters) 

G+ve cocci 
(clusters) 

Gram stain

± ββHaemolysine test
-+Growth on manitol salt agar
++Nitrat test
-+Urease test
++Lipase test
-+Gelatine test
--Triple Sugar Iron test
--Indol test
-+Methyl red test
-+Vogs proskauer test
--Citrate utilization
++Glugose fermentation
-+Manitol Fermentation
++Maltose Fermentation
++Sucrose Fermentation
-+Trehalose Fermentation
++Lactose Fermentation
-+Manose Fermentation

Complete haemolysis : β Abbreviations : + : Positive Result, -: 
Negative Result, 

Characterization of phytosynthesized ZnO 
(NPs) 

UV–visible spectroscopy
UV–Visible spectroscopy result was measured, the 

high peak of 0.655 Å absorbance was observed at 340 nm. 

Scanning electron microscopy (SEM)
micrographs of SEM analysis showed the nanopar-

ticles were minute in size with spherical shaped 
(clumped spherical particles) and well distributed in 
solution. Fig. 1.

The occurrence of blocking treatments by bacteria 
as a result of the bad use of antibiotics, which leads 
to its continuous exposure to treatments, which gives 
adaptation to live in such environments as a result 
of selective pressure, encouraging the occurrence of 
mutations in the chromosome and bacterial plasmid, 
and this is in line with what Chabi and Momtaz, 2019 
confirmed the failure of beta-lactam antibiotics to af-
fect on current isolates, resistance reached 100% for 
the penicillin, ampicillin and ticarcillin antagonists, 
and this is confirmed by (Shahandeh et al., 2018) in 
the fact that S.aureus and beta-lactam ring and con-
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trolled by chromosome or plasmid of bacteria, as well 
as other resistance mechanisms such as narrowing 
of the channels through which the antibiotic and the 
absence of antibiotic receptors and the production 

of bacteria for mucous layers and viscous substances 
that prevent the arrival of the antibiotics to its sites, as 
well as modifications in the permeability of the plas-
ma membrane, It had more thickness and thickness 
as a result of the present lipid layers, it is more than 
tht in sensitive bacteria. S.epidermidis bacteria had a 
great ability in producing virulence factors, including 
the production of beta-lactamases that are important 
in destroying the antibiotics that contain the This is 
what they have learned about Ranjbar et al., 2018 in 
their study of virulence factors and the mechanisms 
of antibiotic resistance by bacteria. gentamicin and si-
fitrixon have been effective in destroying the isolates 
under study, which are characterized by its multidrug 
resistance. This study confirmed what was indicated 
by many studies that the meropenem and impenem 
of the carbnim group are the most effective against 
bacteria, as its therapeutic importance lies in many 
bacterial infons for example urinary tract infections 
especially resistant for antibiotics and this refers to by 
Chabi and Momtaz (2019). 

As presented in tables 5 and 6, the ZnO NPs ef-
fectively inhibited formation in studied bacteria in a 
generation of Zn2+ from ZnO NPs-dependent manner. 
Moreover, the sensitivity of S.aureus and S.epidermidis

Figuer 3. Scanning Electron Microscopic images for phytosyn-
thesized zinc oxide nanoparticles 

Table 5
The drugs and ZnO (NPs) sensitivity of S.aureus isolates.
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+: Resistance, -: susceptible, I: Intermediate resistance

Table 6
The Antibiotics and ZnO (NPs) sensitivity of S.epidermidis isolates. 

Zn
O

(N
Ps

) 
Am

ika
cin

Am
ox

cil
lin

Ce
pr

od
ar

Te
tra

cy
cli

ne
Do

xy
cy

cli
n

Pe
nc

illi
n

Am
pi

cil
lin

Sif
itr

ixo
n

ca
rb

en
cil

lin
Ce

fo
ta

xim
e

M
et

hi
cil

lin
Pi

pr
ac

illi
n

Az
tro

na
m

No
rfl

ox
ac

in
Ge

ra
m

yc
in

Ci
fip

iem
Cl

or
am

ph
en

ico
l

Az
ith

ro
m

yc
in

Er
th

ro
m

yc
in

Am
pi

clo
x

co
lst

in
Tic

ar
cil

lin
Im

pe
ne

m
M

er
op

en
em

Am
ox

icl
av

e
To

br
am

yc
in

Ci
fix

im
e

Antibiotics

S.epidermidis
----++++-+--++--++-++III-+++39
I---++++-+--++--+-+++I+-----40
--+++I++--++++--+++++-+---+-41
-I+++-++--++++---+-++-+II++-42
--+I++++I+++++-+-+I+--+II-I+43
+I+++-+II-I-++++---+++II--++44
--++I+++---++-++--++++I-I++-45
--+++-++-I-++-+++I+++++---I+46
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isolates result in this study revealed that ZnO NPs could 
reduce bacteria formation by affecting the growth of 
planktonic bacteria. These results are consistent with 
that of Bhattacharyya et al. 2018, who found that ZnO 
NPs reduced Streptococcus pneumonia cell adhesion 
to the surface at sub-MIC doses. Likewise, Khan et al. 
2014 suggested that the generation of Zn2+ from ZnO 
NPs inhibits the enzymatic action of the DapE protein 
involved in peptidoglycan synthesis, thus resulting in 
biofilm formation failure at the early stage. 

Eight antibiotics commonly used in the medical 
field as a treatment for most bacterial infections were 
tested to determine its minimum inhibitory concen-
trations against of S.aureus and S.epidermidis (Table 
7), using a naked eye-based method to identifica-
tions bacterial growth in estimating the turbidity of 
bacterial growth in the liquid medium, as well from 
the replanting of the sub culture of the suspected di-

lutions, an increase in the values of the lower inhib-
itory concentrations of the antibiotics under study 
was observed, as it reached 64->128 ug/ ml for some 
isolates and 16->128 ug/ml for others, which indicates 
its resistance to these antibiotics and the reason may 
be due to widespread use randomized to these anti-
biotics. The macrodilution technique in determining 
the minimum inhibitory concentrations compared to 
the disk diffusion method by disks, being accurate in 
determining the lowest inhibitory concentration for 
bacterial growth while the second prefers its simplici-
ty and the availability of antibiotic disks saturated with 
appropriate concentrations of antibiotics and ready in 
medical offices (Murray, 1999). The minimum values 
of ZnO (NPs) against S.aureus are 30 ug/ml, with the 
corresponding minimum values of 28 ug/ml against 
S.epidermidis. The results in table 7 a illustrate that 
S.epidermidis is more vulnerable to ZnO NPs than the 
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other tested bacteria, with a low concentration value 
for inhibiting bacterial growth. It should be observed 
that lower minimum values of ZnO (NPs) values in-
dicate greater antibacterial effectiveness (Mohd et al., 
2020). 
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Table 7
The minimum inhibitory concentrations of antibiotics and ZnO (NPs) against Staphylococcus spp. isolated from clinical cases 
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