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Abstract

Background: Staphylococcus aureus is a typical pathogenic agent that causes several morbidities and mortalities
which variable largely following the severity of bacteria and activity of host immunity.

Aim: Isolation of S. aureus from different cattle infections, molecular detection of nuc gene in positive S. aureus
isolates, and identification of the effectiveness of the phagocytic activity.

Methods: Totally, 100 cattle with various infections (25 wounds, 25 abscesses, 25 nasal discharges, and 25 ear swaps)
were selected and subjected to collection of swabs under controlled conditions. All collected samples were cultured
on mannitol salt agar (MSA) and assessed by biochemical tests. Targeting the nuc gene, all study MSA positive
isolates were examined molecularly by conventional polymerase chain reaction (PCR), and then subjected to antibiotic
susceptibility test. Jugular venous blood was collected from all infected animals in addition to 20 healthy cattle that
were selected as a control group to estimate the phagocytic activity of S. aureus isolates.

Results: The findings of MSA culture revealed a total of 80 positive samples of S. aureus as 23,21, 20, and 16 positive
isolates for nasal discharge, abscess, wound, and ear swab, respectively; based on its morphology, cultural trait, and
biochemical test. Subsequently, PCR assaying of MSA-positive isolates demonstrated an overall 59 positive samples
as 14, 16, 12, and 17 positive isolates for nasal discharge, abscess, wound, and ear swabs, respectively. Antibiotic
susceptibility testing of S. aureus-positive PCR isolates reported a significantly high sensitivity to chloramphenicol
and vancomycin, and a high resistance to penicillin. Finally, there was a considerable decline in phagocytic activity in
particular 2 weeks post-infection as a result of bacterial invasion.

Conclusion: This study shows a high prevalence of S. aureus in cattle infections, and the protocol includes a regular
screening of cattle infection and suitable therapy based on antibacterial susceptibility test is of great importance in the
long-term control of the pathogen. However, additional molecular studies targeting other genes of S. aureus and the
role of immune markers in different infections should be aimed.

Keywords: Antibiotic susceptibility, Bovine bacterial infection, Molecular test, Polymerase chain reaction, Iraq.

Introduction represents a typical pathogenic agent that mostly can
secrete coagulase enzyme and ferment lactic acid (Seo

Staphylococcus is a member of the Staphylococcaceae
and Bohach, 2013; Shoen et al., 2019; Pickering et al.,

family, which forms irregular clusters resembling

bunches of grapes during culture and is positive for Gram
stain (Markey et al., 2013). In general, Staphylococcus
was described as a facultative, non-spore-forming,
not-motile, aerobic, and oxidase-negative but catalase-
positive bacterium (Quinn et al., 2015). Coagulation of
plasma areas surrounding bacterial isolates could play a
protective role in the prevention of phagocytosis by the
host immune system (van Dalen ef al., 2020). Although
there were at least 43 species in the Staphylococcus
genus, S. aureus appeared to be the most important one
in both humans and different animal species because it

2021).

The main gene builds the framework of the S. aureus
genome and is highly conserved. The accessory
region that accounts for 25% of S. aureus genome was
having mobile genetic elements as the transposons,
chromosome-cassette tapes, pathogenicity islands,
genome tropical islands, and horizontally acquired
prophages (Rocha et al, 2019; Wildeman et al.,
2020). In the field, different S. aureus strains have the
ability to produce a wide range of exo-enzymes, with
the existence of several virulence factors (Generalov,
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2017; Cheung et al., 2021). The nuc gene encodes
thermonuclear and is widely used as a specific target
for the detection of S. aureus by polymerase chain
reaction (PCR) (Wongboot et al., 2013). Numerous
PCR-based studies were carried out targeting the nuc
gene alone or in combination with the mecA gene
for rapid identification or recognition of methicillin-
susceptible S. aureus and methicillin-resistant S. aureus
(Gonzalez-Dominguez et al., 2020). Also, the nuc gene
has been extensively utilized as an individual marker
for detecting S. aureus contamination (Mahros et al.,
2021). Phagocytosis has found to play a significant role
in innate and adaptive immune responses to infection
through recognizing and binding to receptors on the
cell surface (Naik and Harrison, 2013). In addition,
it is essential to start the adaptive immune response
since phagocytic targets may attract lymphoid cells
by encouraging the production of pro-inflammatory
cytokines (Caillon ef al.,2019). Hence, this study aimed
to isolate S. aureus from different cattle infections,
molecular detection of nuc gene in positive S. aureus
isolates, and identification of the effectiveness of
phagocytic activity.

Material and Methods

Collection of samples

Atotal of 100 infected cattle reported at the veterinary
clinics in Al-Basrah province (Iraq), were selected
for the current study and categorized as follows: 25
cattle having wounds, 25 cattle having abscesses, 25
cattle having nasal discharges, and 25 cattle having
ear infections. All study animals were subjected to
direct swab sampling from the lesions using sterile
absorbent swabs soaked in nourishing broth. Then,
the swabs were transported to the laboratory of
the College of Veterinary Medicine (University of
Basrah, Basra, Iraq) using a cooled plastic box to
be cultured on mannitol salt agar (MSA) as soon as
possible.

Isolation

All collected samples were cultured on MSA as
described by Nocera et al. (2021). Then, the isolates
were used to prepare the slide smears that were
stained with the Gram stain and examined under light
microscope at X 100 (Sizar and Unakal, 2021).
Biochemical testing

Tube coagulase test

Approximately 0.1 ml of bacterial culture was mixed
with 0.3 ml of rabbit plasma, and the mixture was
incubated in tubes of the brain-heart infusion broth at
37°C for 4 hours. The presence of clotting confirmed the
successful outcome comparable to control (Chauhan
et al., 2020).

Catalase test

It was performed by transferring few amount of pure
growth from MSA on a clean slide, and then, adding
a drop of H,O,. The presence of gas bubbles indicates
favorable outcome (Becker ef al., 2015).

Oxidase test

This test assays to indicate the presence of cytochrome
oxidase in organism, and oxidizing reagent “tetra-
methyl-p-phenylenediamine dihydrochloride” from
colorless to dark blue (Fern et al., 2021).

Molecular examination

All positive MSA samples were used for the extraction
of DNAs according to the manufacturer’s instructions
for the Genomic DNA Mini Kit (Geneaid, Korea).
Nanodrop System (Thermo-Scientific, UK) was
employed to evaluate the concentration and purity of
extracted DNAs at an optical density of 260/280 nm.
For preparation of MasterMix tubes, one set of primers
was designed targeting the nuc gene [F: (5'-GCT TGC
TAT GAT TGT GGT AGC C-3') and R: (5'-TCT CTA
GCAAGT CCCTTT TCC A-3")] and prepared at 20 ul
final volume following the manufacturer’s instructions
of AccuPower PCR PreMic Kit (Bioneer, Korea).
Thermocycler reaction was carried out under the
following conditions: 1 cycle for initial denaturation
(5 minutes at 95°C), 30 cycles for denaturation (40
seconds at 95°C), annealing (35 seconds at 58°C),
and extension (35 seconds at 72°C), and 1 cycle for
final extension (5 minutes at 72°C). The PCR products
were separated on 2% agarose gel stained with
ethidium bromide at 100 Volt, 80 mAm, for 1 hour, and
visualized under the light UV transilluminator to detect
the positive samples at 423 bp. Free nuclease water was
used as a negative control; while DNAs of previously
confirmed S. aureus isolates were used as a positive
control during gel-electrophoresis.

Antimicrobial susceptibility

Colonies of S. aureus-positive isolates by both MSA
and PCR assay were selected to preparing of bacterial
suspension that was inoculated in nutrient broth,
overnight. The suspension was then mixed by a vortex
so that the turbidities could be compared and adjusted
fit 0.5 McFarland standards by adding additional
colonies. The bacterial suspension containing 1 x
1082 x 10® CFU/ml is equivalent to 0.5 McFarland
standards. Ready to use antimicrobial susceptibility
test kit (bioMérieux, India) was applied to Mueller-
Hinton agar using the disk diffusion technique (Yang
etal.,2019).

Phagocytic activity

Initially, a total of 20 healthy cattle were selected
as a negative control group. Then, all positively S.
aureus infected cattle in addition to cattle of negative
control groups were subjected to sampling 2 ml of
jugular venous blood under aseptic conditions into a
heparinized tube. As described by Seki et al. (1989),
S. aureus colonies were grown on heart infusion agar
at 37°C overnight, and then harvested, extensively
washed with saline, heated in boiling water for 10
minutes, and adjusted to 10° CFU/ml in saline. One
drop of heparinized blood was laid on the bacterial
thin layer in a plastic dish, and the phagocytic activity
was represented as blank spaces of bacterial thin-layer
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usually containing phagocytic leukocytes (plague).
The number of plaques was counted using the light
microscope at 100 x to detect phagocytic activity.
Statistical analysis

The #-test and one-way analysis of variance in the
GraphPad Prism version 6.0.1 Software (GraphPad
Inc, USA), were used to detect significant differences
between values at p < 0.05 (*), p <0.01 (**), p <0.001
(***) (Gharban, 2022).

Ethical approval

The study was approved by the College of Veterinary
Medicine and College of Medicine at the University
of Basrah (Basra, Iraq) and the College of Veterinary
Medicine at the University of Wasit (Wasit, Iraq)
following international ethical rules.

Results

Identification of S. aureus isolates

The findings of MSA culture revealed a total of 80%
positive samples to S. aureus as 92%, 84%, 80%, and
64% positive isolates for nasal discharge, abscess,
wound, and ear swabs, respectively (Table 1). The
positive S. aureus isolates were distinguished in this
study following the morphology and cultural traits of
grown colonies in addition to the results of biochemical
tests that generated positive coagulase and catalase, but
negative to oxidase.

Molecular examination

PCR assaying of 80 MSA-positive isolates demonstrated
an overall 59 positive samples as 66.67%, 69.57%,
75%, and 85% positive isolates for nasal discharge,
abscess, wound, and ear swab, respectively (Table 2,
Fig. 1).

Antimicrobial susceptibility testing

Significantly, positive S. aureus isolates by both
MSA and PCR assays (total no.: 59 samples) showed
a variation (p < 0.05) in their susceptibility to eight
antibiotics used in the current study (Table 3). However,
the study isolates have appeared highly sensitive to
chloramphenicol (100%) and vancomycin (100%); and
highly resistant to penicillin (100%) when compared to
other selected antibiotics (Table 3).

Table 1. Total results of traditional diagnosis of 100 swab
samples obtained from different infections on MSA.

Sample Total no. [ﬁgm(tolz ; Elf?;l:;;
Abscess 25 21 (84%) 4 (16%)
fj;zie q 25 23 (92%) 2 (8%)
Ear swab 25 16 (64%) 9 (36%)
Wound 25 20 (80%) 5 (20%)
Total no. 100 80 (80%) 20 (20%)
p-value 0.0385 -

Phagocytic activity

A significant decrease (p < 0.05) in phagocytic activity
was showed in values (mean + standard errors) of both
periods of post-infections but more significantly in
10-14 days post-infection when compared to controls
(Table 4).

Discussion

In this study, isolates of S. aureus grown on MSA
appeared as large, golden, and yellow colonies
surrounded by wide yellow zones, which is in
agreement with that detected by several studies (Bhunia
and Bhunia, 2018; Aubaid et al., 2020; Al-Shuwaili and
Saab, 2022). Using the Gram-stain, S. aureus isolates
examined under the microscope were seen as positive
cocci arranged in clusters resembling grapes or in
other strange patterns throughout the colonies, which
is similar to other observations (Kengne ef al., 2019;
Andhare and Shinde, 2020; Taylor and Unakal, 2022).
Biochemical testing of positive isolates demonstrated
the production of gas bubbles throughout the catalase
test indicating the successful outcome. These findings
were similar to other researchers (Lucia et al., 2017,
Shen et al., 2019; Senthil and Aravind, 2023).

In the present study, 73.75% of positive MSA isolates
were positive for PCR assay. These findings were
compatible with the findings of other studies (Sizar and
Unakal, 2021; Qian et al., 2022; Cao et al., 2023). The
high specificity of the nuc gene in the detection of S.
aureus means that molecular assaying targeting this

Fig. 1. Electrophoresis of 2% agarose gel of PCR products
targeting the nuc gene. Lane (M): Marker ladder (100-2,000
bp). Lane (3): Negative control. Lane (5): Positive control.
Lanes (1, 2, 4, 6, 7, 8, and 9): Some positive PCR products
at 423 bp.

Table 2. Total positive results of S. aureus isolates obtained
from different swab samples using the MSA and PCR.

Sl '!‘(Ttal no. of Positives by PCR
positives by MSA [no. (%)]
Abscess 21 14 (66.67%)
Nasal infected 23 16 (69.57%)
Ear swab 16 12 (75%)
Wound 20 17 (85%)
Total 80 59 (73.75%)
p-value 0.0385
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Table 3. Result of antibiotic susceptibility for S. aureus positive isolates by MSA and PCR (total no. 59).

Susceptibility [no. (%)]

Antibiotics Total no.
Highly sensitive Moderately sensitive Resistant
Amoxicillin (AX) 14 (23.72%) 5 (8.47%) 40 (67.79%)
Gentamycin (CN) 25 (42.37%) 14 (23.72%) 20 (33.89%)
Penicillin (P) 0 (0%) 0 (0%) 59 (100%)
Tetracycline (TE) “ 18 (30.50%) 5 (8.47%) 36 (61.01%)
Chloramphenicol (C) 59 (100%) 0 (0%) 0 (0%)
Vancomycin (VA) 59 (100%) 0 (0%) 0 (0%)
Cefoxitin (FOX) 22 (37.28%) 7 (11.86%) 30 (50.84%)
Ciprofloxacin (Cip) 29 (49.15%) 5 (8.47%) 25 (42.37%)
p-value 0.0072 0.0428 0.0083
Table 4. Phagocytic activity in cattle infected in wounds, of antibiotics and poor environmental animal hygiene
abscesses, nasal, and ear infected. conditions could account for the spread of resistant
e e bacteria (Li et al., 2017). King et al. (2017) mentioned
Sample Healthy nfected cattle (day) p-value that the low sensitivity of S. aureus isolates to penicillin
control 1-2 10-14 might belong to mutation or production of penicillinase
Abscess 77+0.6 657+0.62 63.61+13 0.039 enzyme (a type of B-lactamase) that hydrolyses the
Nasal beta-lactam ring of penicillin.
infocted 0 E 0.32 61.8+0.72 63.60+1.1 0.027 In this study, the phagocytic activity of infected animals
was significantly reduced when compared to healthy
Ear 77+0.67 71.84061 663=1.03 0.045 animals indicating the effect of infection on the cell
infected functions including phagocytosis. Pavlou et al. (2017)
Wound 78+0.53 71.8+0.82 60.51 +1.04 0.022 showed that macrophage phenotype and function are

gene can be used instead of the traditional diagnosis
of S. aureus. In Iraq, several authors demonstrated the
efficacy of molecular assay in the confirmation of S.
aureus isolates by targeting the nuc gene (Hasan and
Hoshyar, 2019; Sayhood et al., 2022; Sheet, 2022).
PCR is a crucial method for identifying bacteria
isolates and detecting specific genes as it is simple,
rapid, valuable, and more accurate than traditional
diagnostic methods. This suggests that the application
of PCR in combination with the additional techniques
can increase the sensitivity of diagnosis (Sheet, 2022).
In this study, all S. aureus isolates showed a high
sensitivity to chloramphenicol and vancomycin as
reported by other studies (Deyno et al., 2017; Shahid
et al., 2021; Rasmi et al., 2022). In Iraq, almost S.
aureus isolates were concluded to be vancomycin-
sensitive (Abdrabaa and Flayyih, 2019; Jafar and
Abed, 2021; Anwaar et al., 2023). In general, several
authors, studying bacterial sensitivity to different
antibiotics, discovered that some S. aureus strains
were susceptible to antibiotics; indicating the
effect of bacterial status, inoculum size, antibiotic
concentrations, and host interactions (Ali et al.,
2010; King et al., 2017). However, the presence of
different resistance mechanisms might be attributed
to variations in plasmodial or chromosomal genetic
elements. Numerous factors including excessive use

related to their states, whereas Fountain et al. (2021)
recorded that phagocytosis could be designed following
bacterial infection. Vollrath et al. (2021) concluded that
the phagocytic activity and capacity show significantly
different alterations depending on the pathogen strain,
and thus potentially at certain and possibly more
relevant infections caused after infection.

Conclusion

This study shows a high prevalence of S. aureus in cattle
infections, and the protocol includes a regular screening
of cattle infection and suitable therapy based on an
antibacterial susceptibility test is of great importance in
long-term control of pathogen and to ensure the suitable
therapy. However, additional molecular studies targeting
other genes of S. aureus and the role of immune markers
in different infections should be aimed.
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