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ABSTRACT

Background and Objectives: To study the prevalence of microorganisms and antibiotics activity tests of natural and industrial 
products, surgical site infection was found in referral hospitals in Erbil, Iraq’s Kurdistan Province. Methods: Pus samples were collected 
from 29 surgical patients using sterile swabs and primed for culture collection. Disk diffusion method was used to determine the bacterial 
activity of three types of plants (cinnamon, ginger, and radish) against three bacterial species including Staphylococcus aureus, Proteus 
spp., and Staphylococcus epidermidis. Results: Overall, 29 pus samples were processed for culture testing. One Gram-negative bacterium 
(7.14%) and 13 Gram-positive cocci (92.85%) were isolated from the 14 bacteria genera. S. aureus, Proteus spp., and S. epidermidis most 
potent isolates were found to be resistant to the variable of tested antibiotics, while they showed any sensitivity to the tested plant extracts. 
Cinnamon, ginger, and radish extracts were discovered to be among the few variable effective plant extracts against the tested pathogenic 
bacteria isolates. Conclusion: The data collected from this research showed a better way of explanation of the microorganism’s etiology 
of SSIs in hospitals where they might have epidemiological and healing insinuations.
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INTRODUCTION

Surgical site infection occurs when surgical wounds get 
infected with germs from a previously diseased location. 
According to the report, it can result in illnesses, 

hospitalizations, and even death.[1] The third most often 
observed nosocomial infection is surgical site infections.[2] The 
most prevalent causes of these contagions are exogenous and 
endogenous germs that reach the operating wounds during 
surgery.[2] The occurrence of infected operational injuries might 
be affected by such factors as pre-operative therapy, theater, 
post-operative care, and surgery.[2] Staphylococcusaureus is 
a naturally occurring bacterium that colonizes about 30% 
of the human population’s nares and a new study indicates 
that very diverse nasal microbiosis is required if colonizations 
of S. aureus are to be encouraged or prevented. It spreads 
easily from person to person, onto health care workers’ hands 
and clothing, as well as onto surfaces and into the air.[2,3] 
Staphylococcus epidermidis,once considered a comparatively 
harmless pathogen, is the biggest and best investigated 
member of the CoNS group.[4,5] It is considered as an unsafe 
commensal of the human skin and is becoming known 
for its useful role in skin immunity and microbiota.[4] The 
active metabolites of cinnamon bark (Cinnamomum verum) 
belonging to the Lauraceae family were cinnamon aldehyde 

and trans-cinnamic acid. The nutritional content, phenolic 
profile, and antioxidant activities of cinnamon were studied. 
According to a compositional study, this species is a great 
source of protein and minerals. The nutritional content, 
phenolic profile, and antioxidant activities of cinnamon were 
studied. According to a compositional study, this species is 
a great source of protein and minerals.[6] Radish (Raphanus 
sativus L.), belonging to the Brassicaceae family, is an annual 
or biennial root crop globally of economic importance. There 
are many resources of radish germplasm in China, and for 
conservation and use of the radish resources, cultivars and 
genetic diversity studies are very important.[7] Since antiquity, 
ginger (Zingiber officinale) belonging to the Zingiberaceae 
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family for more than 200 years, traditional Chinese medicine 
has been utilized as a spice and medication. Ginger is a major 
herb with numerous nutritional and therapeutic properties 
that are utilized in traditional Asian and Chinese medicine.[8] 
Ginger and its general components, such as Fe, Ca, Vitamin C, 
flavonoids, phenolic compounds, paradols, and so on, are used 
for a wide variety of symptoms, including vomiting, pain, and 
other herbal medications.[8]

Objectives

1.	 Isolation of microorganisms from surgical wounds
2.	 Natural and industrial products were tested for antibiotic 

activity.

MATERIALS AND PROCEDURES

Population Research

The research was carried out at Cihan University-Erbil’s 
Biology Department. Specimens were collected from four 
hospitals between November 2019 and March 2020.

Specimen Collection and Transport

Under aseptic conditions, two sterile swabs were used to 
extract pus samples from each patient. Swabs were taken 
to the Department of Biology, Cihan University-Erbil. The 
specimens can be stored in the sample tube at 4°C for 72 h.

Types of Antimicrobials

Identification

The bacterial growth of the incubated plates was identified 
on the basis of cultural, morphological, and biochemical 
characteristics (Table 1).[9]

Production of Specimens

Inoculated specimens of pus have been immediately inoculated 
on MacConkey, chocolate, and mannitol salt agar dishes. 

They were incubated aerobically at 37°C for 24–48 h with a 
CO2 concentration of 7–10%. After this, the specimens was 
inoculated on the plates using four flame methods.[10,11]

Procedure of catalase testing

Fill a slide with a small amount of bacterial growth. Drops 
of H2O2 were added to the smear and blended with a 
toothpick.[12]

Gram staining

Overflow slide with mineral violet – 60 s by Gram – 180 s, 
iodine floods. Prudently decolor with 95% ethanol until the 
thinnest part of the smear is colorless. Flood with safranin 
(pink color) (10% fuchsine) – 60 s (wash on the water). Air 
dehydrated or spot by permeable paper.[13]

Slide coagulase test

Identify where the test strain (T) and the control (C) are placed 
by marking the slide. Set up positive and negative control 
organisms on the same slide for simultaneous testing. Emulsified 
test strain to obtain a homogeneous thick suspension. Observed 
self-agglutination. Within 10 s, there will be a visible cluster. 
Negative result: No visible clustering within 10 s.[14]

Testing for Antimicrobial Sensitivity

Drugs have been chosen on the basis of their impact on a 
specific organism, as well as hospital antibiotic policies.[20] 
The diameter of the inhibitor was measured on a scale of 24 h 
after 18–24  h of incubation. Each antimicrobial disk’s area 
size was used to determine if it was susceptible, intermediate, 
or immune (CLSI, 2006). Mueller-Hinton agar and antibiotic 
disks were used.[15]

Ginger Extraction

Ginger was bought from local marketplaces in Erbil City, using 
ginger for this investigation. In boiling water bath for 30 min, 
10  g of ginger powder combined with 40  ml soy oil was 
heated. Before disk diffusion testing, extracts were kept at 4°C 
to retain their antibacterial activities. The plates were dried 
in the air flow chamber of the laminar for 15 min. Extracts of 
ginger (20 μl) have been applied individually for 18–24 h on 
each disk.[16]

Radish Extraction

A local supermarket provided Raphanus sativus (white radish 
variety). Radish was lyophilized and crushed into a fine 
powder before ethanol extraction. Powder root was extracted 
for 24  h with 300  ml of ethanol at room temperature and 
150 rpm.A filter paper disk diffusion test was used to assess 
the extract’s antibacterial function.[17] The research bacteria 
inoculums were prepared according to McFarland standard 
0.5. Uniform bacterial lawns were developed, using 100L of 
inoculum on a Mueller-Hinton agar plate. The plates were 
incubated at 37°C for 24 h.[18]

Cinnamon Extraction

After cleaning the spices, they were dried in sunlight for 
2 days. The dried material was pulverized by a grinder into a 

Table 1: Antimicrobials and their concentrations

No. Name Dose Manufactures

1 Amikacin 10 mcg Amikin

2 Amoxicillin 25 mcg Trimox

3 Ampicillin/cloxacillin 25/5 mcg AMPOXIN

4 Ceftazidime 30 mcg Ceptaz

5 Ceftriaxone 10 mcg Rocephin

6 Chloramphenicol 10 mcg Fenicol

7 Ciprofloxacin 10 mcg Ciloxan

8 Gentamicin 10 mcg Gentasol

9 Imipenem 10 mcg Primaxin

10 Netilmicin 30 mcg Netmicin

11 Oxacillin 10 mcg Bactocill

12 Rifampin 5 mcg Rifadin

13 Tetracycline 10 mcg Declomycin



Figure 1: The prevalence rate of surgical site wound infections

Figure  2: Number of isolated bacteria according to Gram-positive 
and Gram-negative bacteria

Figure 4: Staphylococcus aureus organism control
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fine powdered substance. Twenty grams of cinnamon powder 
(weighted by electric balance) were transferred to 100 ml of 
conical flask where 40 ml of ethanol was added. The ethanol 
crude was filtered using Whatman No. 1 filter paper. Cinnamon 
bark extract was made using dimethyl sulfoxide as a solvent 
at concentrations of 2.5%, 5%, and 10%. With a sterile cotton 
bud, the bacterial solution was spread on the whole surface 
of Mueller-Hinton agar. At 37°C, the Petri dish was incubated 
overnight.[19]

RESULTS

Specimens of Surgical Wound Infection

A total of 29 pus specimens were processed for culture testing. 
The present study being conducted between November 
(2019) and March (2020). The overall percentage of infection 
was (48.27%) while the remaining (51.72%) was negative 
[Figure  1]. Two patients from the maternity hospital were 
cultivated with MacConkey agar and the mannitol salt agar 
had a negative result and a positive result of S. aureus bacteria 
and specimens were taken from females. Ten patients from the 
cardiac center were sampled, two males and eight females, 
and nine of the 10 were negative on MacConkey agar, with 
Proteus spp. bacteria being the only positive result. Eight 
patients from Sardam Hospital, two specimens from females 
and six specimens from males, five of whom were cultivated 
with mannitol salt agar, and all of whom had a positive result 
were S. aureus bacteria and three of them cultivated with 
chocolate agar, had a positive result, two of whom were S. 
aureus bacteria, and one of them was S. epidermidis bacteria. 
Nine patients from Jamhuri Hospital, specimens taken from 
males, cultivated mannitol salt agar, five of whom were 
negative, and four of whom were positive, were S. aureus and 
S. epidermidis bacteria [Table 2].

Out of the 14 isolated bacteria, 1 was Gram-negative 
bacteria (7.14%) and 13 were Gram-positive cocci (92.85%). 
S. aureus was the most common bacteria 10 isolates (71.42%). 
Other isolated bacteria were Proteus sp. (7.14%) and S. 
epidermidis (21.42%) [Figure 2].

Antimicrobial Activity of Plant Extracts 
andAntibacterial Susceptible of S. aureus
Sensitivity pattern for S. aureus to the following antibiotics; 
RF (20  mm), TE (16  mm), NET (27  mm), and the other 

antibiotics resistance for S. aureus such as C, OX, CRO, IPM, 
CAZ, APX, and CRO [Figure 3a and b]. The result presented 
in Figure  4 was S. aureus control bacteria. Each extract 
was tested against S. aureus isolated. The results showed 
cinnamon resistance to antibacterial activity against S. aureus 
[Figure 5].

Antimicrobial Activity of Plant Extracts 
and Antibacterial Susceptible of 
S. epidermidis
Antibacterial resistant and susceptible of S. epidermidis 
isolated from patients. The results show that S. epidermidis 
isolated from patients were susceptible to NET (34 mm) and 
APX (28 mm), and other antibiotic resistant for S. epidermidis 
such as TE, C, and CRO [Figure 6]. The result presented in 
Figure 7 exhibited S. epidermidis control bacteria. The results 
given in Figure 8 show that ginger, cinnamon, and radish root 
extracts are not effective against S. epidermidis.

Figure 3: (a and b) Antibacterial inhibition zoneagainst Staphylococcus 
aureus

ba



Figure 5: Inhibition zone of plants against Staphylococcus aureus

Figure  6: Antibacterial inhibition zone against Staphylococcus 
epidermidis

Figure 7: Staphylococcus epidermidis bacteria control
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Antimicrobial Activity of Plant Extracts and 
Antimicrobial Susceptible of Proteus spp.

The results show that Proteus spp. isolated patients were 
susceptible to NET (17 mm), RF (19 mm), AK (25 mm), TE 
(26 mm), and CN (20 mm). Moreover, other antimicrobial is 
resistant to Proteus spp. OX, APX, CAZ, and AX [Figure 9a-c].

Results given in Figure 10 showed that ginger and radish 
root extract are not effective against Proteus species. The 
results showed that cinnamon had very little (5 mm) effect on 
Proteus species [Figure 10].

DISCUSSION

Surgical site infection is a prevalent kind of disease related 
to health-care research conducted by the way.[20-22] SSIs 

Table 2: The patients number, gender, isolated bacteria, media cultured 
from the surgical site of infection, and the name of the hospitals

Serial no. 
of patient

Media Isolated 
bacteria

Hospitals Sex

1 MacConkey 
agar

Negative (–) Cardiac 
center

♀ Female

2 MacConkey 
agar

Negative (–) Cardiac 
center

♀ Female

4 MacConkey 
agar

Negative (–) Cardiac 
center

♂ Male

5 MacConkey 
agar

Positive (+) 
Proteus sp.

Cardiac 
center

♀ Female

6 MacConkey 
agar

Negative (–) Maternity 
hospital

♀ Female

7 MacConkey 
agar

Negative (–) Cardiac 
center

♀ Female

8 MacConkey 
agar

Negative (–) Cardiac 
center

♀ Female

9 MacConkey 
agar

Negative (–) Cardiac 
center

♀ Female

10 MacConkey 
agar

Negative (–) Cardiac 
center

♀ Male

11 MacConkey 
agar

Negative (–) Cardiac 
center

♀ Female

12 Mannitol 
salt agar

Positive (+) 
S. aureus

Maternity 
hospital

♀ Female

13 Mannitol 
salt agar

Positive (+) 
S. aureus

Sardam 
Hospital

♀ Female

14 Mannitol 
salt agar

Positive (+) 
S. aureus

Sardam 
Hospital

♂ Male

15 Mannitol 
salt agar

Positive (+) 
S. aureus

Sardam 
Hospital

♂ Male

16 Mannitol 
salt agar

Positive (+) 
S. aureus

Sardam 
Hospital

♂ Male

17 Mannitol 
salt agar

Positive (+) 
S. aureus

Sardam 
Hospital

♂ Male

18 Chocolate 
agar

Positive (+) 
S. aureus

Sardam 
Hospital

♂ Male

19 Chocolate 
agar

Positive (+) 
S. aureus

Sardam 
Hospital

♀ Female

20 Chocolate 
agar

Positive (+) 
S. epidermidis

Sardam 
Hospital

♂ Male

21 Mannitol 
salt agar

Positive (+) 
S. aureus

Jamhuri 
Hospital

♂ Male

22 Mannitol 
salt agar

Positive (+) 
S. epidermidis

Jamhuri 
Hospital

♂ Male

23 Mannitol 
salt agar

Negative (–) Jamhuri 
Hospital

♂ Male

24 Mannitol 
salt agar

Negative (–) Jamhuri 
Hospital

♂ Male

25 Mannitol 
salt agar

Positive (+) 
S. aureus

Jamhuri 
Hospital

♂ Male

26 Mannitol 
salt agar

Positive (+) 
S. epidermidis

Jamhuri 
Hospital

♂ Male

27 Mannitol 
salt agar

Negative (–) Jamhuri 
Hospital

♂ Male

28 Mannitol 
salt agar

Negative (–) Jamhuri 
Hospital

♂ Male

29 Mannitol 
salt agar

Negative (–) Jamhuri 
Hospital

♂ Male

S. aureus: Staphylococcus aureus, S. epidermidis: Staphylococcus epidermidis



Figure 10: Antimicrobial disk diffusion test against Proteus spp.

Figure  8: Antimicrobial disk diffusion test against Staphylococcus 
epidermidis
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(infections at surgical site) were found to be 48.27 percent 
prevalent in the present specimens, with S. aureus and S. 
epidermidis being the most common etiological agents among 
Gram-positive bacteria. Gram-positive bacteria while the 
Gram-negative bacteria were Proteus spp. respectively.[23] 

These findings support that previous research S. aureus was 
the most common bacteria found in post-operative wound 
infections.[24,25] S. aureus was found in 71.42% of surgical site 
infections. The most common Gram-positive S. aureus isolate 
(71.42%) followed by S. epidermidis (21.42%) and Proteus spp. 
(7.14 percent of the total). In the current study, a shorter post-
operative stay was seen in patients with acquired infection, 
who had a roughly triple longer patient without operational 
site infection. In hospitals, neonatal infections, operative care 
for the elderly and malnutrition, and individuals with diabetes 
and other chronic diseases, S. aureus is an important source 
of infection.[26] The minimal number of S. aureus sensitivity 
found in the results of this investigation against TE and C 
was compatible with studies published in Eritrea by certain 
Nigerian employees.[27,28] Sensitivity to RF, TE, NET, and 
the other antibiotics resistance for S. aureus such as C, OX, 
CRO, IPM, CAZ, APX, and CRO did not match the findings of 
Chowdhury et al.,[29] however, resistance to other antibiotics 
did. CAZ and CIP were consistent with the report published 
by the commission.[29] Moreover, S. aureus was sensitive to 
TE and resistance to CRO and C, which is not in agreement 
with the report published by the commission.[29] Pattern of 
antibiotic resistance of S. epidermidis isolated from hospital 
infectious specimens S. epidermidis resistance against: C, CRO, 
and TE were consistent with reports published by Chabi and 
Momtaz,[30] Wijesooriya et al.,[31] and S. epidermidis sensitive 
to APX and NET.[32] Results show that Proteus spp. isolated 
from patients were susceptible to NET, RF, AK, TE, and CN 
and resistant to Proteus spp.;OX, APX, CAZ, and AX.[33] Current 
results showed that cinnamon, radish, and ginger were resistant 
to S. aureus. When opposed to the previous findings,[18,34] the 
present findings show a higher level of activity. Raphanus 
extract had the best activity against a multiresistant strain of 
P. aeruginosa, while P. mirabilis was the most resistant to the 
extract’s influence.[35] Piper nigrum and Zingiber officinale are 
active in S. aureus and K. pneumoniae. Cinnamon essential 
oil shows maximum activity against E. coli and S. aureus.[36]

The results show that ginger extract and root radish extract 
are not effective against S. epidermidis.[37] The current results 
showed that cinnamon and ginger extract are not effective 
against Proteus species. The different concentrations of radish 
root extract had no effect on Proteus spp.[18] The antibacterial 
action of cinnamon was ascribed to the existence or long-
term storage of specific active components which have been 
declined by melting and exposure to air.[38] The negative result 
of cultured pus specimens may not have been effective due 
to the transfer of the swabs, and the bacteria may have been 
dead. It could be the species of bacteria that may not grow in 
these media. They need special media or anaerobic bacteria 
could not grow aerobically in the 37°C incubator.

CONCLUSION

The findings of this research will aid in our understanding of 
the microbiological etiology of SSIs in our hospitals, which 
could have epidemiological and therapeutic implications. 
S. aureus was the most common surgical site infection we 
found (71.42%). This study demonstrates that RF, TE, and 
NET are sensitive to S. aureus, and NET and APX are sensitive 
to S. epidermidis and NET, RF, TE, AK, and CN are affective 
against Proteus spp. and C, OX, CIP, IPM, CAZ, APX, and CRO 

Figure 9: (a-c) Antimicrobial inhibition zone on Proteus spp.

c

ba
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are resistant to S. aureus. TE, C, and CRO are resistant to S. 
epidermidis. OX, APX, CAZ, and AX are resistant against Proteus 
spp. Plant extracts have no antimicrobial activity against S. 
aureus, S. epidermidis, or Proteus ssp., which typically cause 
surgical wound infections, according to the findings of this 
report. The findings showed that cinnamon, radish root, 
and ginger are ineffective at inhibiting the growth of wound 
pathogenic bacteria.

RECOMMENDATION

The findings of this study can be used to launch an effort to 
strengthen hospital antimicrobial policy and antimicrobial 
prescribing guidelines. It is difficult to choose the best drug 
for any condition, particularly in infectious diseases. Since it is 
performed in vitro, the susceptibility pattern cannot be used as 
the sole criterion because it ignores the patient’s immunological 
status and clinical condition. This research may be useful in 
determining which plant extracts to use for further isolation 
of constituents responsible for the studied species’ behavior.

ACKNOWLEDGMENTS

I’d want to offer my heartfelt gratitude to Dr.  Raid Duriad 
Thanoon, the research supervisor, for assisting me through 
each step of my research paper it would have been impossible 
to write such a significant and fascinating work without his 
help. And a special thanks to Ahmed Majeed Mohammed, who 
inspired us to achieve many goals during this research. Many 
thanks to biolaboratory for their help and guidance. Finally, 
many thanks to all the other people and teachers for their help 
and advice.

 REFERENCES
1.	 T. Anggrahita, A. Wardhana and G. Sudjatmiko. Chlorhexidine-

alcohol versus povidone-iodine as preoperative skin preparation 
to prevent surgical site infection:A meta-analysis. Medical Journal 
of Indonesia, vol. 26, no. 1, pp. 54-61, 2017.

2.	 K. S. Bhaskarrao, R. Vaishali and V. J. Katkar. Study of 
bacteriological profile of post-operative wound infections in 
obstetrics and gynaecological surgeries in a tertiary care hospital. 
National Journal of Integrated Research in Medicine, vol. 9, no. 2, 
pp. 77-83, 2018.

3.	 B. Krismer, C. Weidenmaier, A. Zipperer and A. Peschel. The 
commensal lifestyle of Staphylococcus aureus and its interactions 
with the nasal microbiota. Nature Reviews Microbiology, vol. 15, 
no. 11, pp. 675-687, 2017.

4.	 K. Y. Le, M. D. Park and M. Otto. Immune evasion mechanisms 
of Staphylococcus epidermidis biofilm infection. Frontiers in 
Microbiology, vol. 9, p. 359, 2018.

5.	 X. X. Ma, E. H. Wang, Y. Liu and E. J. Luo. Antibiotic susceptibility 
of coagulase-negative staphylococci (CoNS): Emergence 
of teicoplanin-non-susceptible CoNS strains with inducible 
resistance to vancomycin. Journal of Medical Microbiology, 
vol. 60, no. 11, pp. 1661-1668, 2011.

6.	 S. Saima, M. U. Arshad, F. Saeed, R. S. Ahmad, A. Imran and 
T. Tufail. Nutritional characterization of cinnamon and turmeric 
with special reference to their antioxidant profile. International 
Journal of Biosciences, vol. 15, no. 4, pp. 178-187, 2019.

7.	 Y. Wang, W. Liu, L. Xu, Y. Wang, Y. Chen, X. Luo, M. Tang and 
L. Liu.Development of SNP markers based on transcriptome 
sequences and their application in germplasm identification in 
radish (Raphanus sativus L.). Molecular Breeding, vol. 37, no. 3, 

p. 26, 2017.
8.	 M. H. Shahrajabian, W. Sun and Q. Cheng. Pharmacological uses 

and health benefits of ginger (Zingiber officinale) in traditional 
Asian and ancient Chinese medicine, and modern practice. 
Notulae Scientia Biologicae, vol. 11, no. 3, pp. 309-319, 2019.

9.	 V. Negi. Bacteriological profile of surgical site infections and their 
antibiogram:A  study from resource constrained rural setting 
of Uttarakhand state, India. Journal of Clinical and Diagnostic 
Research, vol. 9, no. 10, pp. DC17-DC20, 2015.

10.	 B. Tammy L. Staphylococci and other Catalase Positive Cocci that 
Grow Aerobically. 8th ed. Washington, DC: ASM Press, pp. 384-
404, 2003.

11.	 M. Olson, M. O’Connor and M. L. Schwartz. Surgical wound 
infections.A  5-year prospective study of 20,193 wounds at the 
Minneapolis VA medical center. Journal of Urology, vol.  132, 
no. 2, pp. 421-421, 1984.

12.	 D. I. Torres, M. V. Miranda and V. C. Dall’ Orto. One-pot 
preparation of SBP-PANI-PAA-ethylene glycol diglycidyl ether 
sensor for electrochemical detection of H2O2. Sensors and 
Actuators B: Chemical, vol. 239, pp. 1016-1025, 2017.

13.	 H. Kwon, X. Liu, E. G. Choi, J. Y. Lee, S. Y. Choi, J. Y. Kim, L. 
Wang, S. J. Park, B. Kim, Y. A. Lee, J. J. Kim, N. Y. Kang and Y. T. 
Chang. Development of a universal fluorescent probe for gram‐
positive bacteria. Angewandte Chemie, vol. 58, no. 25, pp. 8426-
8431, 2019.

14.	 A. Naha, C. Sahu, P. Datta, S. Banerjee, J. Konar and S. Pal. 
Staphylococcus haemolyticus under reported because of false 
positive slide coagulase test: Implications from two case reports. 
Journal of Evolution of Medical and Dental Sciences, vol. 4, no. 21, 
pp. 3731-3735, 2015.

15.	 N. Gayathree and D. Shrinivas.A study on surgical site infections 
caused by Staphylococcus aureus with a special search for 
methicillin-resistant isolates. Journal of Clinical and Diagnostic 
Research, vol. 5, no. 3, pp. 502-508, 2011.

16.	 I. Kamrul, R. A. Afroz, K. M. Murad and K. M. Shahidul. 
Antimicrobial activity of ginger (Zingiber officinale) extracts 
against food-borne pathogenic bacteria. International Journal of 
Science, Environment and Technology, vol. 3, no. 3, pp. 867-871, 
2014.

17.	 M. D. Soković, J. Glamočlija, A. Ćirić, D. Grubišić, D. Stojković 
and M. Ristić. Antimicrobial activity of essential oils isolated from 
different parts of endemic plant Portenschlagiella ramosissima 
Tutin. Journal of Essential Oil Research, vol. 20, no. 4, pp. 369-
372, 2008.

18.	 D. Stojković, M. Smiljković, M. Nikolić, J. Živković and M. 
Soković. Sensitivity of multiresistant bacteria and methicillin-
resistant Staphylococcus aureus to ethanolic root extract of 
Raphanus sativus. Lekovite sirovine, vol. 38, pp. 35-38, 2018.

19.	 S. Waty, D. Suryanto and Yurnaliza. Antibacterial activity of 
cinnamon ethanol extract (Cinnamomum burmannii) and its 
application as a mouthwash to inhibitstreptococcusgrowth. IOP 
Conference Series: Earth and Environmental Science, vol.  130, 
p. 012049, 2018.

20.	 D. K. Kumar. Surgical site infection in clean, clean-contaminated 
and contaminated cases. Journal of Medical Science and Clinical 
Research, vol. 4, no. 12, pp. 14981-14986, 2016.

21.	 S. Shrestha, R. Shrestha, B. Shrestha and A. Dongol. Incidence 
and risk factors of surgical site infections in Kathmandu university 
hospital, Kavre, Nepal. Kathmandu University Medical Journal, 
vol. 14, no. 54, pp. 107-111, 2016.

22.	 J. Segreti, J. Parvizi, E. Berbari, P. Ricks and S. I. Berríos-Torres. 
Introduction to the centers for disease control and prevention 
and healthcare infection control practices advisory committee 
guideline for prevention of surgical site infection: prosthetic joint 
arthroplasty section. Surgical Infections, vol. 18, no. 4, pp. 394-
400, 2017.

23.	 H. Guan, W. Dong, Y. Lu, M. Jiang, D. Zhang, Y. Aobuliaximu, J. 



Thanoon and Mohammed: Antibiotics Activity Tests of Natural and Industrial Products in Surgical Site Infections

12	 http://journals.cihanuniversity.edu.iq/index.php/cuesj� CUESJ 2021, 5 (2): 6-12

Dong, Y. Niu, Y. Liu, B. Guan, J. Tang and S. Lu. Distribution and 
antibiotic resistance patterns of pathogenic bacteria in patients 
with chronic cutaneous wounds in China. Frontiers in Medicine, 
vol. 8, p. 609584, 2021.

24.	 P. Neopane, H. P. Nepal, R. Shrestha, O. Uehara and Y. Abiko. 
In vitro biofilm formation by Staphylococcus aureus isolated 
from wounds of hospital-admitted patients and their association 
with antimicrobial resistance. International Journal of General 
Medicine, vol. 11, pp. 25-32, 2018.

25.	 X. Zhu, X. Sun, Y. Zeng, W. Feng, J. Li, J. Zeng and Y. Zeng. 
Can nasal Staphylococcus aureus screening and decolonization 
prior to elective total joint arthroplasty reduce surgical site and 
prosthesis-related infections? A systematic review and meta-
analysis. Journal of Orthopaedic Surgery and Research, vol.  15, 
no. 1, p. 60, 2020.

26.	 B. C. G. Slingerland, M. C. Vos, W. Bras, R. F. Kornelisse, 
D. De Coninck, A. van Belkum, I. K. M. Reiss, W. H. F. Goessens, 
C. H. W. Klaassen and N. J. Verkaik. Whole-genome sequencing 
to explore nosocomial transmission and virulence in neonatal 
methicillin-susceptible Staphylococcus aureus bacteremia. 
Antimicrobial Resistance and Infection Control, vol. 9, no. 1, p. 39, 
2020.

27.	 L. Ying, X. Zhe, Y. Zhou, S. Juan and M. Lin. Characterization of 
community-associated Staphylococcus aureus from skin and soft-
tissue infections:A multicenter study in China. Emerging Microbes 
and Infections, vol. 5, no. 1, pp. 1-11, 2016.

28.	 L. Radlinski, S. E. Rowe, L. B. Kartchner, R. Maile, B. A. Cairns, 
N. P. Vitko, C. J. Gode, A. M. Lachiewicz, M. C. Wolfgang and 
B. P. Conlon.Pseudomonas aeruginosa exoproducts determine 
antibiotic efficacy against Staphylococcus aureus. PLOS Biology, 
vol. 15, no. 11, p. e2003981, 2017.

29.	 M. H. Chowdhury, T. Debnath, S. Bhowmik and T. Islam. Presence 
of multidrug-resistant bacteria on mobile phones of healthcare 
workers accelerates the spread of nosocomial infection and 
regarded as a threat to public health in Bangladesh. Journal of 
Microscopy and Ultrastructure, vol. 6, no. 3, p. 165, 2018.

30.	 R. Chabi and H. Momtaz. Virulence factors and antibiotic 
resistance properties of the Staphylococcus epidermidis strains 
isolated from hospital infections in Ahvaz, Iran. Tropical Medicine 
and Health, vol. 47, no. 1, p. 47, 2019.

31.	 W. R. P. Wijesooriya, D. N. Kotsanas, T. M. Korman and M. Graham. 
Teicoplanin non-susceptible coagulase-negative staphylococci in 
a large Australian healthcare network: Implications for treatment 
with vancomycin. Sri Lankan Journal of Infectious Diseases, vol. 7, 
no. 1, p. 10, 2017.

32.	 M. A. Mohammed, A. M. J. Abd Al-Abbas and A. M. Alsamak. 
Distribution of OatA alleles detected by a new designed primer in 
bacteria isolated from eye infections in Basrah governorate/Iraq. 
Annals of the Romanian Society for Cell Biology, vol.  25, no. 3, 
pp. 8258-8277, 2021.

33.	 D. Girlich, R. A. Bonnin, L. Dortet and T. Naas. Genetics of 
acquired antibiotic resistance genes in Proteus spp. Frontiers in 
Microbiology, vol. 11, p. 256, 2020.

34.	 S. Haq, S. Dildar, M. B. Ali, A. Mezni and A. Hedfi. Antimicrobial 
and antioxidant properties of biosynthesized of NiO nanoparticles 
using Raphanus sativus (R. sativus) extract. Materials Research 
Express, vol. 8, no. 5, p. 055006, 2021.

35.	 Ç. Güceyü, G. Goncagül, E. Günaydin and P. Akpinar. Zencefil’in 
antibakteriyal etkisi (antibacterial effect of Zingiber officinale 
(Ginger)). Etlik Veteriner Mikrobiyoloji Dergisi, vol.  30, no.  1, 
pp. 44-50, 2019.

36.	 Y. Zhang, X. Liu, Y. Wang, P. Jiang and S. Quek. Antibacterial 
activity and mechanism of cinnamon essential oil against 
Escherichia coli and Staphylococcus aureus. Food Control, vol. 59, 
pp. 282-289, 2016.

37.	 E. Julianti, K. K. Rajah and I. Fidrianny. Antibacterial activity of 
ethanolic extract of cinnamon bark, honey, and their combination 
effects against acne-causing bacteria. Scientia Pharmaceutica, 
vol. 85, no. 2, p. 19, 2017.

38.	 K. I. Al-Zubaidy. Cinnamon’s antibacterial activity on the 
bacterial isolates from urinary tract infections. World Journal of 
Pharmaceutical Research, vol. 6, no. 17, pp. 81-91, 2017.


