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121 bacterial samples i1solated from wounds from both sexes and all age groups were

collected from Salahadin General Hospital, Salahadin provenance, Iraq. Only 8 Dates

Staphylococcus sciurt (S. scuurt) 1solates were identified. The bacterial isolation showed Received: 23 September 2021
the highest sensitivity to Amoxicillin/Clavulanic acid, Cefotaxime, Methicillin, Accepted: 8 November 2021
Streptomycin, and Vancomycin and resistance to all other antibiotics. The root exu-

dates of black seeds were used for 10 and 20 days for both treatments with and without

magnetized water, and the exudates were superior when using magnetized water for 20

days. Antibiotic resistance and the mecd gene were investigated, and a multiplex PCR

assay was used to detect the mecd gene in S. sciure. Optimized conditions were used to

amplify mecA fragments that encode methicillin resistance.

Multiplex PCR, mecd, root exudate, S. sciuri, Nigella sativa, magnetized
water.

Nigella sativa (the black seed) is part of the Ranunculaceae family, and it is widely cultivated in Iraq in some regions of the center and north.
It is considered one of the most important and famous medicinal plants globally, with many benefits. The seeds are disinfectant and
used as anti-intestinal parasites remedies, especially in children. Moreover, these seeds are helpful for asthma, strengthening the immune
system or during the menstrual cycle [1]. In addition, the black seed is used in many sweetened foods as a remedy for stomach ailments
and diuretics. It is widely cultivated on many soils and under different types of irrigation [2].

The magnetic field affects the angle of hydrogen binding to oxygen in the water molecule, as it decreases from 104° to 103°, forming
cluster groups of 6-7 molecules compared to 10-12 molecules in the normal state. The small groups of water molecules formed from
exposure to a magnetic field absorb the best mineral elements from the plants’ roots and enter faster through the root hairs [3]. Mag-
netized water changes its properties, becomes more streamlined, has high polar efficiency, the speed of vibrations of its molecules, and
its absorption of ions increases, which leads to the rapid dissolution of crystals, causing the plant to absorb a greater number of salts
faster [4].

The roots have many functions, such as releasing secretions, which are complex mixtures of organic and inorganic compounds secreted
into the soil and limiting phagocyte interference below the soil surface [5]. The latter is determined by multiple factors, including the
plant species, the stage of plant growth, the type of living organisms, and the different environmental factors [6]. The roots excrete
water, oxygen, and inorganic ions, mainly composed of carbon, estimated 5-60% of the total carbon [7].

Staphylococcus sciurt (S. sciuri) is one of the pathogens found on the skin and the mucous membranes of animals, especially pets, and in
farms with cows and sheep, as well as with wild animals [8]. This pathogen can also be found in foods that contain meat [9]; it abounds
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in environmental places with long-term storage such as water tanks and soil [10]. It can be isolated from the pharynx and nose and
the reproductive and urinary systems in humans [11]. In recent times, there has been increased interest in detecting this bacterium
due to negative consequences, especially the increasing spread in the hospital environment and involvement in urinary tract infections
(UTIs), peritonitis, endophthalmitis, and wound infections [12, 13]. It is noteworthy that antibiotics could be discharged into the
wastewater because many households get rid of the antibiotics by throwing them in the bathroom. A noticeable concentration of the
antibiotics remains in the urine of the patients [14, 15]. However, many treatment methods could be used to remove the antibiotics
from water/wastewater, such as electrocoagulation [16-19], electrolyzing [20-25], application of some types of adsorbents [26-28],
chemical or natural coagulants [29-32] and combined methods [33—35]. Additionally, monitoring antibiotics in water/wastewater can
be achieved using remote technologies, such as sensor technology [36-38] that enjoy a wide range of applications in many industries,
such as monitoring chemicals [39, 40], properties of materials [41-43], and communications [44].

This study aimed to identify the prevalence of S. sciuri in Salahadin General Hospital, Iraq, and investigate the effects of magnetized
water used in extracting black seed root exudates in reducing the antibiotic resistance of bacteria for the meed gene. Finally, this study
aimed to assess the effect of exudates in reducing the meed gene expression of the plasmids.

Black seeds samples and root exudates

The black seeds were collected from the College of Agriculture, University of Baghdad, and were diagnosed and classified by the
herbarium of the Natural History Museum of the University of Baghdad. Root exudates from black seeds were collected using the
Hydroponic Culture System (HCS). The seeds were sterilized for two minutes with 1% NaClO, washed with sterile distilled water,
covered with two layers of sterile gauze, and placed in a sterile 500 ml glass vial filled with sterile distilled water. The seeds were left to
germinate, and the filtrate was collected after 10 and 20 days [45]. Following this, the root exudates were filtered with a Millipore filter
of 0.22 pm, stored at 4°C until used on a Muller Hinton Agar. A freshly isolated inoculum was spread, two wells of 6 mm diameter
were prepared using a sterile cork borer, and 50L of root exudates were filled into the wells and incubated at 37°C for 18-24 hours [46].

Magnetized water

A dipole magnet (Magnetotron) was used by the laboratories of the Ministry of Science and Technology, Iraq. The strength of the mag-
net was confirmed by measuring the magnetization intensity with a Teslameter (EW. Bell/ Gauss, Model 5070, USA). The water passed
through a tube in the magnet that contained an electric coil in which an electric current passed at a voltage of 220 volts to generate a
magnetic field of 1500 gauss. The magnetic system was sterilized daily, and the root filter was passed every day through the system to
ensure the continuity of the magnetization of the root exudates.

Sampling and diagnosis

121 samples were collected from wounds at Salahadin General Hospital during November and December 2020. Samples were taken
from both sexes and all age groups. According to Whitman et al. [46], microscopic and biochemical diagnostic experiments were per-
formed, and the diagnosis was verified using the VITEK 2 compact method (Biomerieux, France).

Antimicrobial susceptibility test

Antimicrobial susceptibility of bacteria was performed on each of the isolates against 10 antibiotics, including Amoxicillin/Clavulanic
acid, Cephalexin, Cefotaxime, Methicillin, Erythromycin, Gentamicin, Streptomycin, Rifampin, Tetracycline, and Vancomycin. The
tests were performed using the Kirby-Bauer wells method, using 25 mg/ml as a stock solution and 50 pg/ml as final consternation.
Antibiotic powders were obtained from the Samarra Drugs Industry (SDI), Iraq. Antibiotics solutions were used as stock solutions and
were prepared by dissolving an amount of the antibiotic in 1 ml distilled water. All the stock solutions were sterilized with a Millipore
filter (0.45 pm) and kept under 20°C until use.

Molecular identification of the mecA gene

Geneaid™ Midi Plasmid Kit (P1025) (Geneaid Biotech Ltd., Taiwan) was used to extract plasmid DNA from . sciuri. Multiplex PCR
was used to detect meed gene resistance. The region was amplified by multiplex PCR primers meed 1 (5’-AAA ATC GAT GGT AAA
GGT TGG C-3’) and meed 2 (5°-AGT TCT GCA GTA CCG GAT TTG C-3’ [47]. The Multiplex PCR PreMix Kit (Bioneer, Korea)
was used for PCR (Bio-Rad) reactions following the manufacturer’s instructions. The conditions of PCR amplification were as fol-
lows: 94°C for 3 min; 94°C for 30s, 55°C for 30s, 72°C for 30s for 30 cycles; and a final extension at 72°C for 4 min.
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Figure 1. Antimicrobial Susceptibility test of 10 Antibiotics.

RESULTS

121 samples were collected from patients, and 44 of these showed bacterial growth on the primary culture media. S. sciuri was present on
8 of 44 samples, while the remaining samples did not show any bacterial growth. The lack of bacterial growth may be due to variations
in dosage, inadequate use of antibiotics, or diverse strains of bacteria.

The primary purpose of testing the resistance of bacterial isolates to antibiotics is to identify the relationship between antibiotic re-
sistance and the genetic content of bacteria isolated from patients. The drug susceptibility screening test was conducted on bacterial
isolates using ten widely used antibiotics. Sensitivity and resistance were identified by observing the presence or absence of growth and
measuring the diameter of the inhibition zone. The results of the studied isolates showed a difference in the levels of sensitivity and
resistance to antibiotics (Figure 1). The bacterial isolates showed the highest sensitivity to Amoxicillin/Clavulanic acid, Cefotaxime,
Methicillin, Streptomycin, and Vancomycin and were resistant to all other antibiotics. Amoxicillin is the first line of treatment for bac-
teria, and Clavulanic acid affects the inhibition of the Beta-Lactamase (BLs) enzyme and stops its action to prevent the degradation of
the antibiotic, thus providing an opportunity for Amoxicillin to bind with the bacteria and stop its action [48]. The resistance of bacteria
to antibiotics may be due to an inhibitory enzyme encoded by plasmids, or due to a transformation in the ribosomal unit, the 30S that
is the center of the antibiotic’s effect, or to the lack of entry of the antibiotic into the bacterial cell [19].

The seeds were grown in sterile conditions using the Hydroponic Culture System (HCS), and the root exudates were collected in two
different periods. The HCS were divided according to the quality of the water. The first group used sterile distilled water to grow the
seeds. The second group used magnetized distilled water, and the exudates were collected in two periods, 10 and 20 days after inoculat-
ing the bacterial isolates on Mueller Hinton Agar medium and reading the inhibition diameter zone after 24 hours.

The results are shown in Table 1 after using root exudates of black seeds for a period of 10 and 20 days for both treatments with and
without magnetized water. The diameter of the inhibition zone was 6 mm after treatment with black seeds only (ReBS) after 10 days,
which is less than 8 mm after 20 days of treatment. Treatment with magnetized water after 10 days showed that the diameter of the
inhibition zone increased by 14 mm compared to the treatment with black seeds only. When treatment time was increased to 20 days,
there was a significant increase in the inhibition zone diameter (19 mm), a significant difference from treatment with black seeds alone.

Table 1. Diameter of inhibition zone of black seed roots exudates with and within magnetized water two times.

Days DW Mw ReBS (mm) ReBS+Mw (mm)
10 0 0 6 14
20 0 0 8 19

DW - Distilled water; Mw - Magnetized water; ReBS - Root exudates of black seeds; ReBS+Mw - Root.
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The allelopathic effect of black seeds on both the root exudates with and without magnetized water, in most cases, inhibited bacterial
growth. Active chemicals found in . Ngella sativa are many phenolic derivatives and thymoquinone compounds which greatly help reduce
bacterial infection and kill bacteria [49]. Bacteria can transport toxic molecules from inside the cell to the outside through efflux pumps.
The compounds excreted in the black seeds root exudates may stop these pumps and precipitate the compounds excreted inside the cell
without exposing them to the outside, thus reducing bacterial resistance and killing them [50].

The water we drink or use during our normal day is considered to lose many of its properties due to desalination processes or envi-
ronmental pollution. This is also known as “dead water” due to its exposure to condensation and high air pressure during desalination
and the addition of many sterile materials that lost many of their vital properties [51]. The magnetization of water restores the lost
properties and reorganizes the charges of the water correctly when the shape of these charges is random in the current water. Further-
more, when water passes through the magnetic field, the hydrogen ions soluble heavy metals charge. This charge causes a temporary
separation of the water molecules and then re-improves the taste of water [52]. The magnetized water reduces bacterial infections, as
it gets its food through the cell membrane itself, as it absorbs a large amount of water through it. The magnetized water dissolves the
cellular starch ions, leading to cell explosion (death) due to swelling [53]. The study conducted by Al-Hayawi and Al-Jubori [54] on the
root exudates of onion and garlic on . coli without magnetized water showed that an increase in the days of the root exudates led to an
increase in the concentration of compounds excreted in the water. Moreover, the root exudates of garlic had a significant effect on the
14™ day of the study, and the time gave a higher antimicrobial effect by increasing the diameter of the inhibition zone.

The presence of the mecd gene was extracted from plasmid DNA in 8 isolates of S. sczuri. The multiplex PCR assay was used to detect
the mecA gene in S. sciuri, which produced visible bands (523 bp) on a 2% agarose gel (Figure 2).

The results showed that the S. sciuri isolates contain the mecd gene; the latter is responsible for resistance to the methicillin antibiotic,
and this result agrees with previous studies on the same gene [55—57]. The multiplex PCR assay was used in this study for its ability to
diagnose a gene or multiple genes in the same interaction and for the accuracy and speed of the results in the diagnosis of antibiotic
resistance genes [58]. The mecA gene was selected based on clinical considerations, such as the association with S. sciuri resistance to
clinically relevant antibiotics [59] and the prevalence at the Salahadin General Hospital. There is a great variation in the proportion of
Staphylococcus spp. strains resistant to methicillin, as seen among different institutions. Staphplococcus spp. rates of antibiotic resistance range
from 5% to over 50%, and central nervous system (CNS) resistance varies from 50% to 80% [60]. Vancomycin is routinely used to treat
CNS infections despite documented oxacillin susceptibility due to this high prevalence and concern about undetected resistance. The
mecA gene was also diagnosed because this gene 1s responsible for resistance to some antibiotics, such as methicillin. The results showed
that the use of magnetized water with root exudates in two different periods led to a decrease in resistance rates among bacterial isolates
that contain this gene.
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CONCLUSIONS

The present study focused on detecting Staphylococcus sciuri antibiotic resistance, the mecA gene, and the inhibitory effect of root exudate
of Nigella sativa (black seeds) treated with magnetized water. Based on morphological characteristics and molecular analysis, the mecAd
gene was diagnosed using multiplex PCR assay detection, and black seed root exudates were treated with and without magnetized water

in HCS compared to antibiotics.

Future studies should use sensor technology to monitor the antibiotic concentrations in patients’ blood. Additionally, the sensor technol-

ogy can be used to monitor the concentration of antibiotics in the hospitals’ wastewater.

ACKNOWLEDGMENTS

Conflict of interest

The author declares no conflict of interest.

Ethical approval

The study was approved by the Ethics Committee of the Biology Department, College of Education for Pure Science, Tikrit University

(approval no. S07/2326, 28.09.2020).

Authorship

AY contributed to conceptualizing, methodology, original draft, manuscript editing, data collection, curation, and analysis.

REFERENCES

1. Amin B, Hosseinzadeh H. Black cumin (Nigella sativa) and
its active constituent, thymoquinone: an overview on the
analgesic and anti-inflammatory effects. Planta medica.
2016; 82: 8-16. doi: org/10.1055/5-0035-1557838.

2. Vaz NP, De Oliveira DR, Abouelella GA, Abouelella NA,
Khater HE The black seed, Nigella sativa (Ranunculaceae),

for prevention and treatment of hypertension. JN Govil and
Bhardwaj N. 2018; 48: 221-244.

3. Chibowski E, Szcze§ A. Magnetic water treatment — A
review of the latest approaches. Chemosphere. 2018;
203: 54-67. doi: org/10.1016/j.chemosphere.2018.03.160.

4. Lin L, Jiang W, Xu X, Xu P. A critical review of the
application of electromagnetic fields for scaling control in
water systems: mechanisms, characterization, and operation.
NPJ Clean Water. 2020; 3(1): 1-19.

doi: org/10.1038/s41545-020-0071-9.

5. Bais HP, Park S-W, Weir TL, Callaway RM, Vivanco JM.
How plants communicate using the underground information
superhighway. Trends in plant science. 2004; 9(1): 26-32.

doi: org/10.1016/j.tplants.2003.11.008.

6. Badri DV, Loyola-Vargas VM, Broeckling CD,

De-la-Pena C, et al. Altered profile of secondary metabolites
in the root exudates of Arabidopsis ATP-binding cassette
transporter mutants. Plant Physiology. 2008; 146(2): 323-324.
doi: org/10.1104/pp.107.111302.

7. Walker TS, Bais HP, Grotewold E, Vivanco JM. Root
exudation and rhizosphere biology. Plant physiology.
2003; 132(1): 44-51. doi: org/10.1104/pp.102.019661.

8. Hauschild T, Schwarz S. Differentiation of

Staphylococcus sciuri Strains Isolated from Free-Living Rodents
and Insectivores. J. of Veterinary Medicine, Series B. 2003;
50(5): 241-246. doi: org/10.1046/j.1439-0450.2003.00662.x.

9. Papamanoli E, Kotzekidou P, Tzanetakis N,
Litopoulou-Tzanetaki E. Characterization of Micrococcaceae
isolated from dry fermented sausage. Food Microbiology.
2002; 19(5): 441-449. doi: org/10.1006/fmic.2002.0503.

10. Kloos WE. Natural populations of the genus
Staphylococcus. Annual Reviews in Microbiology.
1980; 34(1): 559-592.

11. Stepanovic S, Jezek P, Vukovic D, Dakic I, Petras P.
Isolation of members of the Staphylococcus sciuri group from
urine and their relationship to urinary tract infections.
Journal of clinical microbiology. 2003; 41(11): 5262-5264.
doi: org/10.1128/JCM.41.11.5262-5264.2003.

12. Shittu A, Lin J, Morrison D, Kolawole D. Isolation and
molecular characterization of multiresistant Staphylococcus
sciurt and Staphylococcus haemolyticus associated with skin and
soft-tissue infections. Journal of medical microbiology.
20045 53(1): 51-55. doi: org/10.1099/jmm.0.05294-0.

13. Stepanovic¢ S, Daki¢ I, Djuki¢ S, Lozuk B,
Svabi¢-Vlahovi¢ M. Surgical wound infection associated
with Staphylococcus seiuri. Scandinavian journal of infectious
diseases. 2002; 34(9): 685-686.

doi: org/10.1080/00365540110076949a.

14. Al-Hashimi O, Hashim K, Loffill E,

Marolt Cebasek T, et al. A Comprehensive Review for
Groundwater Contamination and Remediation: Occurrence,
Migration and Adsorption Modelling. Molecules.

20215 26(19): 5913. doi: org/10.3390/molecules26195913.

15. Hashim KS, Ali SSM, AlRifaie JK, Kot P, et al. Escherichia
colt inactivation using a hybrid ultrasonic-electrocoagulation
reactor. Chemosphere. 2020; 247: 125868-125875.

doi: org/10.1016/j.chemosphere.2020.125868.

16. Abdulhadi B, Kot P, Hashim K, Shaw A, et al.
Continuous-flow electrocoagulation (EC) process for iron
removal from water: Experimental, statistical and economic

study. Science of The Total Environment. 2021; 760(2): 1-16.

doi: org/10.1016/j.scitotenv.2020.143417.

17. Hashim KS, Ewadh HM, Muhsin AA, Zubaidi SL, ¢/ al.
Phosphate removal from water using bottom ash: Adsorption
performance, coexisting anions and modelling studies.
Water Science and Technology. 2021; 83(1): 77-89.

doi: org/10.2166/wst.2020.561.

18. Hashim KS, AlKhaddar R, Shaw A, Kot P, ¢/ al.
Electrocoagulation as an eco-friendly River water treatment
method. In Advances in Water Resources Engineering and
Management. Singapore: Springer Singapore; 2020.

doi: 10.1007/978-981-13-8181-2_17.

19. Hashim KS, Al-Saati NH, Alquzweeni SS,

Zubaidi SL, et al. Decolourization of dye solutions

by electrocoagulation: an investigation of the effect

of operational parameters. Paper presented at: First
International Conference on Civil and Environmental
Engineering Technologies (ICCEET) 2019; University of
Kufa, Iraq. doi: 10.1088/1757-899X/584/1/012024.

20. Hashim KS, Shaw A, AlKhaddar R, Kot P,
Al-Shamma’a A. Water purification from metal ions in the
presence of organic matter using electromagnetic
radiation-assisted treatment. Journal of Cleaner Production.
20213 280(2): 1-17. doi: org/10.1016/j.jclepro.2020.124427.

21. Mohammed AH, Hussein AH, Yeboah D,
Al Khaddar R, ¢t al. Electrochemical removal of nitrate from
wastewater. Paper presented at: IOP Conference Series:

© 2022 JOURNAL of MEDICINE and LIFE. VOL: 15 ISSUE: 2 FEBRUARY 2022

Materials Science and Engineering 2020.
doi:10.1088/1757-899X/888/1/012037.

22. Hashim K, Kot P, Zubaid S, Alwash R, ¢t al. Energy
efficient electrocoagulation using baffle-plates electrodes for
efficient Escherichia Coli removal from Wastewater. Journal
of Water Process Engineering. 2020; 33(20): 101079-101086.
doi: org/10.1016/.jwpe.2019.101079.

23. Aqeel K, Mubarak HA, Amoako-Attah J,
Abdul-Rahaim LA, ¢t al. Electrochemical removal of
brilliant green dye from wastewater. Paper presented at: IOP
Conference Series: Materials Science and Engineering 2020.
doi:10.1088/1757-899X/888/1/012036.

24. Emamjomeh MM, Kakavand S, Jamali HA,

Alizadeh SM, et al. The treatment of printing and packaging
wastewater by electrocoagulation—flotation: the simultaneous
efficacy of critical parameters and economics. Desalination
and water treatment. 2020; 205: 161-174.

doi: org/10.5004/dwt.2020.26339.

25. Emamjomeh MM, Mousazadeh M, Mokhtari N,

Jamali HA, et al. Simultaneous removal of phenol and linear
alkylbenzene sulfonate from automotive service station
wastewater: Optimization of coupled electrochemical and
physical processes. Separation Science and Technology. 2020;
55(17): 3184-3194. doi: 10.1080/01496395.2019.1675703.

26. Alenazi M, Hashim KS, Hassan AA, Muradov M, et al.
Turbidity removal using natural coagulants derived from the
seeds of strychnos potatorum: statistical and experimental
approach. Paper presented at: IOP Conference Series:
Materials Science and Engineering 2020.
doi:10.1088/1757-899X/888/1/012034.

27. Alenezi AK, Hasan HA, Hashim KS,

Amoako-Attah J, et al. Zeolite: ed electrocoagulation for
remediation of phosphate from calcium-phosphate solution.
Paper presented at: IOP Conference Series: Materials Science
and Engineering 2020.
doi:10.1088/1757-899x/888/1/012031.

28. Alhendal M, Nasir MJ, Hashim KS, Amoako-Attah J, et al.
Clost-effective hybrid filter for remediation of water from
fluoride. Paper presented at: IOP Conference Series:
Materials Science and Engineering 2020.

doi: 10.1088/1757-899X/888/1/012038.

29. Al-Saati NH, Hussein TK, Abbas MH, Hashim K, ¢/ al.
Statistical modelling of turbidity removal applied to
non-toxic natural coagulants in water treatment: a case study.
Desalination and Water Treatment. 2019; 150: 406-412.

doi: 10.5004/dwt.2019.23871.

30. Abdulla G, Kareem MM, Hashim KS, Muradov M, et al.
Removal of iron from wastewater using a hybrid filter. Paper
presented at: IOP Conference Series: Materials Science and

Engineering 2020. doi: 10.1088/1757-899X/888/1/012035.



JOURNAL of MEDICINE =nd LIFE

31. Abdulraheem FS, Al-Khafaji ZS, Hashim KS,

Muradov M, ¢t al. Natural filtration unit for removal of heavy
metals from water. Paper presented at: IOP Conference
Series: Materials Science and Engineering 2020.
doi:10.1088/1757-899X/888/1/012034.

32. Alyafei A, AlKizwini RS, Hashim KS, Yeboah D, et al.
Treatment of effluents of construction industry using a
combined filtration-electrocoagulation method. Paper
presented at: IOP Conference Series: Materials Science and
Engineering 2020. doi: 10.1088/1757-899X/888/1/012032.

33. Al-Marri S, AlQuzweeni SS, Hashim KS,

AlKhaddar R, et al. Ultrasonic-Electrocoagulation method
for nitrate removal from water. Paper presented at: IOP
Conference Series: Materials Science and Engineering 2020.
doi: 10.1088/1757-899X/888/1/012073.

34. Alnaimi H, Idan IJ, Al-Janabi A, Hashim K, ¢t al.
Ultrasonic-electrochemical treatment for effluents of concrete
plants. IOP Conference Series Materials Science and
Engineering 2020; University of Kufa, Najaf, Iraq.

doi: 10.1088/1757-899x/888/1/012063.

35. Zanki AK, Mohammad FH, Hashim KS,

Muradov M, et al. Removal of organic matter from water
using ultrasonic-assisted electrocoagulation method. Paper
presented at: IOP Conference Series: Materials Science and
Engineering 2020. doi: 10.1088/1757-899X/888/1/012033.

36. Kot P, Hashim KS, Muradov M, Al-Khaddar R. How can
sensors be used for sustainability improvement?. In Methods
in Sustainability Science. In: How can sensors be used for
sustainability improvement? In Methods in Sustainability
Science. 1" ed. Elsevier, United Kingdom: Joe Hayton;
2021:426. doi.org/10.1016/B978-0-12-823987-2.00011-8

37. Omran I, Al-Saati NH, Al-Saati HH, Hashim KS,
Al-Saati ZN. Sustainability assessment of wastewater treatment
techniques in urban areas of Iraq using multi-criteria decision
analysis (MCDA). Water Practice and Technology.

20215 16(2): 648-660. doi: org/10.2166/wpt.2021.013.

38. Ryecroft S, Shaw A, Fergus P, Kot P, ¢t al. An
Implementation of a Multi-Hop Underwater Wireless Sensor
Network using Bowtie Antenna. Karbala International
Journal of Modern Science. 2021; 7(2): 113-129.

doi: org/10.33640/2405-609X.2759.

39. Omer G, Kot P, Atherton W, Muradov M, et al.

A Non-Destructive Electromagnetic Sensing Technique to
Determine Chloride Level in Maritime Concrete. Karbala
International Journal of Modern Science. 2021; 7(1): 61-71.
doi: org/10.33640/2405-609X.2408.

40. Ryecroft SP, Shaw A, Fergus P, Kot P, et al. A Novel
Gesomin Detection Method Based on Microwave
Spectroscopy. Paper presented at: 12" International
Conference on Developments in eSystems Engineering
(DeSE) 2019; Kazan, Russia. doi: 10.1109/DeSE.2019.00085.

41. Gkantou M, Muradov M, Kamaris GS, Hashim K, ¢ al.
Novel Electromagnetic Sensors Embedded in Reinforced
Concrete Beams for Crack Detection. Sensors.

2019; 19(23): 5175-5189. doi.org/10.3390/519235175.

42. Teng KH, Kot P, Muradov M, Shaw A, e/ al. Embedded
Smart Antenna for Non-Destructive Testing and Evaluation
(NDT&E) of Moisture Content and Deterioration in
Concrete. Sensors. 2019; 19(3): 547-559.
doi.org/10.3390/s19030547.

43. Kot P, Muradov M, Gkantou M, Kamaris GS, ¢ al.
Recent Advancements in Non-Destructive Testing Techniques
for Structural Health Monitoring. Applied Sciences.

20213 11(6): 1-28. doi: org/10.3390/app11062750.

44. Ryecroft S, Shaw A, Fergus P, Kot P, ez al. A First
Implementation of Underwater Communications in Raw
Water Using the 433 MHz Frequency Combined with a
Bowtie Antenna. Sensors. 2019; 19(8): 1813-1823.
doi.org/10.3390/519081813.

45. Hameed K, Saghir A, Foy C. Influence of root exudates
on Orobanche seed germination. Weed Research. 1973;
13(1): 114-117. doi.org/10.1111/§.1365-3180.1973.th01252.x.

46. Goodfellow M, Kampfer P, Busse HJ, Trujillo ME, ¢t al.
Bergey’s manual® of systematic bacteriology: Volume five the
actinobacteria, part a. Springer; 2012.

47. Srommenger B, Kettlitz C, Werner G, Witte W.
Multiplex PCR assay for simultaneous detection of nine
clinically relevant antibiotic resistance genes in Staphylococcus
aureus. Journal of clinical microbiology. 2003; 41(9): 4089-4094.
doi.org/10.1128/JCM.41.9.4089-4094.2003.

48. Abushaheen MA, Fatani AJ, Alosaimi M, Mansy W, et al.
Antimicrobial resistance, mechanisms and its clinical
significance. Disease-a-Month. 2020; 66(6): 100971.
doi.org/10.1016/j.disamonth.2020.100971.

49. Mostafa H. Influence of magnetised irrigation water on
the fertigation process and potato productivity. Research in
Agricultural Engineering. 2020; 66(2): 43-51.
doi.org/10.17221/1/2020-RAE.

50. Mosolygo T, Mouwakeh A, Hussein Ali M, Kincses A, et al.
Bioactive compounds of Nigella sativa essential oil as
antibacterial agents against Chlamydia trachomatis D.
Microorganisms. 2019; 7(9): 370. doi.org/10.3390/w12061628.

51. Karamese M, Ozgiir D. The antibacterial and antifungal
activities of commonly used herbal oils. Journal of
Experimental and Clinical Medicine. 2020; 37(2): 47-51.
doi.org/10.3390/w12071885.

52. Abd-Elrahman W. Effect of Repeated Magnetization
Process of Water on the Waterand Soil Properties as well as
Lettuce Yield. Annals of Agricultural Science, Moshtohor.
2019; 57(1): 1-10. doi.org/10.3390/w14030344.

53. Alwan A]J. Effect of Zamzam’s water and magnetized
water on . ¢oli 0157: h7 growth compared to other
pathogens. EurAsian Journal of BioSciences. 2020;
14(1): 645-650. doi.org/10.3390/environments9020017.

54. Al-Hayawi AY, Al Jubori MHS. The Inhibitory Effect
of Garlic and Onion Root Exudates on Escherichia coli
from Urinary Tract Infection and Molecular Detection of
hlyA Virulence Gene. Drug Delivery. 2020; 10(1): 131-135.
doi:10.25258/1jddt.10.1.18.

55. Louie L, Goodfellow J, Mathieu P, Glatt A, e/ al. Rapid
detection of methicillin-resistant staphylococct from blood
culture bottles by using a multiplex PCR assay. Journal of
clinical microbiology. 2002; 40(8): 2786-2790.
doi.org/10.1128/JCM.40.8.2786-2790.2002.

56. Schmitz FJ, Mackenzie C, Hofmann B, Verhoef J, et al.
Specific information concerning taxonomy, pathogenicity and
methicillin resistance of staphylococei obtained by a multiplex
PCR. Journal of Medical Microbiology. 1997; 46(9): 773-778.
doi.org/10.1099/00222615-46-9-773.

57. Vannuffel P, Gigi J, Ezzedine H, Vandercam B, e/ al.
Specific detection of methicillin-resistant Staphylococcus species
by multiplex PCR. Journal of clinical microbiology. 1995;
33(11): 2864-2867. doi.org/10.1128/jcm.33.11.2864-2867.1995.

58. Martineau K, Picard FJ, Lansac N, Ménard C, et al.
Correlation between the resistance genotype determined

by multiplex PCR assays and the antibiotic susceptibility
patterns of Staphylococcus aureus and Staphylococcus epidermidis.
Antimicrobial agents and chemotherapy.

2000; 44(2): 231-238. doi.org/10.1128/AAC.44.2.231-238.2000.

59. Lina G, Quaglia A, Reverdy ME, Leclercq R, et al.
Distribution of genes encoding resistance to macrolides,
lincosamides, and streptogramins among staphylococci.
Antimicrobial agents and chemotherapy.

1999; 43(5): 1062-1066. doi.org/10.1128/AAC.43.5.1062.

60. Virdis S, Scarano C, Cossu F, Spanu V, ¢/ al. Antibiotic
Resistance in Staphylococcus aureus and Coagulase Negative
Staphylococci Isolated from Goats with Subclinical Mastitis.

Vet Med Int. 2010;2010:517060. doi: 10.4061/2010/517060.

© 2022 JOURNAL of MEDICINE and LIFE. VOL: 15 ISSUE: 2 FEBRUARY 2022



