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Abstract 
 
Methicillin-resistant Staphylococcus strains, with multidrug resistance, significantly contribute to 
neonatal infections and related deaths. Plants, rich in phytochemicals, are known for their anti-
methicillin-resistant activity. This study examined the effects of Stigma maydis and Bambusa vulgaris 
on Staphylococcus strains linked to neonatal sepsis and investigated the presence of mecA, ermA, and 
ermC genes in neonatal isolates using PCR. Bioactive compounds were extracted using methanol, 
ethanol, n-hexane, and water. Antibacterial activity of the bio-fractions was determined, and antibiotic 
resistance genes were identified using PCR. 
 
Results showed the highest resistance to ampicillin (97.5%), followed by oxacillin, cefoperazone, 
cefuroxime, and meropenem (95% each). Erythromycin resistance was 75%; vancomycin, 73.3%; 
tetracycline, 70%; and co-trimoxazole and augmentin, 67.5% each. Ethanol and methanol extracts 
showed stronger antibacterial activity compared to n-hexane and aqueous extracts. Among 21 tested 
Staphylococcus strains, nuc-positive strains were 81% (276 bp), mecA-positive 26% (533 bp), ermA-
positive 9.5% (190 bp), and ermC-positive 18% (564 bp). Oxacillin resistance gene was detected in 
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95.2% of strains. This study demonstrated the presence of antibiotic-resistant genes in Staphylococcus 
strains and supports the traditional medicinal use of Stigma maydis and Bambusa vulgaris for treating 
neonatal sepsis-associated Staphylococcus infections. 
 
Keywords: Antibiotic resistant genes, Clinical strains, Medicinal plants, Neonates, Sepsis.  
 
INTRODUCTION 
Bloodstream infections are among the most common healthcare-associated infections, 
significantly contributing to global morbidity and mortality. Neonatal sepsis is a leading 
bloodstream infection in newborns (Wójkowska-Mach et al., 2019; Singh et al., 2022). In 
neonatal intensive care units (NICUs) in the United States and the United Kingdom, 
Staphylococcus aureus is now the second most common cause of late-onset sepsis in very-low-
birth-weight infants, posing a significant health risk worldwide. 
 
For centuries, herbs have formed the foundation for modern medicines (Ozioma and 
Nwamaka, 2019). These herbs are rich in natural antioxidants, particularly phenolic 
compounds, which gave them their therapeutic properties. Two of such traditional herbs are 
corn silk (Stigma maydis) and bamboo leaves (Bambusa vulgaris). Corn silk, the yellowish 
threads from maize flowers, has been used in Chinese medicine to treat prostate issues and 
by Native Americans for heart problems and urinary infections (Kim et al., 2017). Rich in 
allantoin, flavonoids, saponins, tannins, phytosterols, and vitamins E and K, corn silk also has 
strong antioxidant and protective effects (Nawaz et al., 2018; Kim et al., 2019). 
 
Bamboo shoots, used in traditional Chinese medicine to induce labour and treat infections, 
are a dietary staple in many Asian dishes. Fresh bamboo shoots are rich in proteins, amino 
acids, carbohydrates, and minerals, while aged shoots have higher fibre content (Panee, 2015; 
Ambika et al., 2017; Ikeyama et al., 2021). 
 
Natural products have historically provided essential antimicrobial agents, but antibiotic 
resistance has become a growing global concern (Pham et al., 2019; Dhingra et al., 2020; Lade 
and Kim, 2021). Given this, evaluating the antibacterial potential of traditional medicinal 
plants is vital. Screening these plants for effectiveness against bacteria causing neonatal sepsis, 
such as Staphylococcus aureus and coagulase-negative staphylococci (CoNS), is crucial for 
confirming their medicinal value. Scientific validation, standardization, and safety assessment 
are also needed before recommending these plants for treatment. 
 
The use of corn silk for the treatment of acute inflammation of the urinary system, such as 
cystitis, urethritis, and prostatitis in different region of the world, and it has also been used as 
an oral antidiabetic agent in China for decades (Shang et al., 2019). However, there is no 
information on the use of Stigma maydis and Bambusa vulgaris in neonatal sepsis, which is one 
of the leading cause of mortality among neonates. 
 
This study investigated the chemical composition and antibacterial effectiveness of corn silk 
and bamboo leaves against Staphylococcus aureus and CoNS strains associated with neonatal 
sepsis and identifies antibiotic resistance genes (mecA, ermA, and ermC) in these strains using 
PCR assays. 
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MATERIALS AND METHODS 
 
Collection of Bioactive fractions 
Bioactive fractions of Stigma maydis (the upper and lower corn silk) and Bambusa vulgaris were 
collected from the Drug Discovery and Infectious Disease Research Laboratory at the 
Department of Microbiology, Federal University Oye-Ekiti, Ekiti State. 
 
Confirmation of test strains 
The bacterial strains used were collected from the Drug Discovery and Infectious Disease 
Laboratory, Department of Microbiology, Federal University Oye-Ekiti. All test strains were 
cultured and sub-cultured to obtain pure culture on nutrient agar plates and stored on 
nutrient agar slant at 4°C in a refrigerator for further use. Gram’s staining, coagulase tests, 
and catalase tests were carried out to confirm the identity of working strains (S. aureus and 
CoNS) (Mushore and Matuvhunye, 2013). 
 
Phytochemical Screening of Plants 
Qualitative phytochemical screenings were carried out using the methods described by 
various authors for the determination of alkaloids (Harbone, 1973), oxalate (Day and 
Underwood, 1986), phytate content (Day and Underwood, 1986), tannins (Pearson,1976), 
cyanide (AOAC, 2005), and saponin (Obadoni & Ochuku, 2001). 
 
Microbe-free Proof of the Bioactive Fractions 
After filtering through a Millipore membrane, the extracts were ascertained to be free of 
microbes by adding 100 µl of the fraction to 4 ml of a new Muller Hinton broth and letting it 
sit for 24 hours at 37°C. If the broth remained clear, it meant the fraction was sterile. Absence 
of turbidity or clearness of broth after incubation period indicated sterile fraction (Ojo et al., 
2017). 
 
Preparation of Bioactive Fraction Concentrations 
The method of Mukhtar et al. (2017) with some modifications was employed. The stock 
solution was diluted with 5% DMSO to achieve three different concentrations: 25, 50, and 100 
g/ml. This test was done by mixing 25 µl of stock solution with 975 µl of 5% DMSO to attain 
25 µg/ml, 50 µl of stock solution with 950 µl of DMSO to attain 50 µg/ml, and 100 µl of stock 
solution with 900 µl to attain 100 µg/ml. 
 
Antibacterial susceptibility testing was conducted using the disc diffusion method for 
commercially available antibiotics and bioactive fractions. 
The bacterial inoculum was prepared by suspending strain colonies in Mueller Hinton broth, 
incubating at 37°C for 24 hours, and adjusting turbidity to the 0.5 McFarland standard. 
Following a modified method of Xing et al. (2011), 50 µl of the standardized bacterial 
suspension was spread on Mueller Hinton agar, and discs of antibiotics (ampicillin- 10 µg,                
meropenem- 10 µg, erythromycin- 5 µg, tetracycline- 30 µg, cotrimoxazole- 25 µg, gentamicin- 
10 µg, ciprofloxacin- 5 µg, augmentin- 30 µg, vancomycin- 30 µg, cefuroxime - 10 µg, 
cephalexin- 15 µg, cefoperazone – 75 µg, oxacillin - 1µg) with bioactive fractions (25, 50, and 
100 µg/ml) were placed on separate plates. After 30 minutes of diffusion, plates were 
incubated at 37°C for 24 hours. Zones of inhibition were measured and compared with CLSI 
standards (CLSI, 2017). 
 
Detection of the nuc, mecA, ermA, and ermC genes by polymerase chain reaction (PCR) 

DNA was extracted by suspending 4-5 bacterial colonies in 300 µl of 1X TBE buffer in labelled 
Eppendorf tubes. The cells were boiled at 100°C for 10 minutes, then cooled rapidly on ice for 
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30 minutes. Proteinase K (3 µl) was added to the lysed cells, and the mixture was incubated at 
60°C for 15 minutes to degrade proteins. The enzyme was inactivated by boiling at 100°C for 
10 minutes. After centrifugation at 13,400 rpm for 3 minutes, the supernatant containing DNA 
was transferred to new Eppendorf tubes and stored at –20°C for further use. 
 
PCR reactions were prepared in 20 µl volumes containing 2 µl of 10X buffer, 1 µl MgCl₂, 0.8 µl 
dNTPs, 0.5 µl each of forward and reverse primers, 0.2 µl Taq polymerase, 13 µl nuclease-free 
water, and 2 µl of DNA lysate. The PCR program began with an initial denaturation at 95°C 
for 5 minutes, followed by 35 cycles of denaturation at 95°C for 1 minute, annealing at gene-
specific temperatures (56°C for nuc, 55°C for mecA, ermA, and 58°C for ermC) for 1 minute, and 
extension at 72°C for 1 minute. A final extension at 72°C for 10 minutes was included. 
The PCR products, including positive control S. aureus ATCC 29523, were separated on 1.5% 
agarose gels, stained with ethidium bromide, visualised under UV light, photographed, and 
analysed following Zmantar et al. (2008). 
 
Table 1: Primers used for the Amplification of Genes 

Primer(s) Sequence 5'-3' Product 
size(bp)  

Annealing 
temp.(oC) 

SANUC F GCGATTGATGGTGATACGGTT 276 56 

SANUC R AGCCAAGCCTTGACGAACTAAAGC 
ermA F AGCGGTAAACCCCTCTGA 190 55 
ermA R TTCGCAAATCCCTTCTCAAC 
ermC F AATTGGCTCAGGAAAAGGGC 564 58 
ermC R AAATCGTCAATTCCCGCATG 
mecA F AAAATCGATGGTAAAGGTTGGC 533 55 
mecA R AGTTCTGCAGTACCGGATTTGC 

 
Statistical Analysis 
Statistical analysis was done using IBM Statistical Package for the Science Solution (SPSS) 
version 25.0 software packages and GraphPad Prism 5.0 to determine the frequencies among 
study groups. P < 0.05 was considered the level of significance. 
 
RESULTS AND DISCUSSION 
 
Quantitative Phytochemical Constituents in B. vulgaris and Stigma maydis 

The pharmacological effects of lower and upper corn silk and Bambusa vulgaris relate to their 
bioactive constituents. Lower corn silk contained higher levels of alkaloid (7.78%), phytate 
(0.72%), and tannin (15.1%) than upper corn silk (2.86%, 0.05%, 8.24%, respectively). 
Conversely, upper corn silk had more saponin (11.2%), cyanide (6.69%), and oxalate (0.04%) 
compared to lower corn silk (5.20%, 4.97%, 0.04%). This is not similar to the study of 
Onwugbuta and John (2021) who reported 0.45% for saponin but a higher tannin content 
(19.37%). B. vulgaris had the highest tannin (23.3%), saponin (6.80), and low oxalate (0.04%) 
from this study, which partly corroborates the study of Akhtar and Patowary (2022) who 
reported qualitatively the presence of saponin, but no flavonoid. 
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Table 2: Qualitative Phytochemical Constituents  
Sample  Alkaloids 

(%) 
Oxalate 

(mol/kg) 
Phytate 

(mol/kg) 
Saponin 

(%) 
Tannin 

(%) 
Cyanide 
(mg/kg) 

Lower corn Silk 7.78 0.02 0.72 5.20 15.1 4.97 
Upper corn Silk 2.86 0.04 0.05 11.2 8.24 6.69 
Bambusa vulgaris 6.10 0.049 0.080 6.80 23.341 3.132 

 
Antibacterial Susceptibility of Staphylococcus spp. 
Among 40 Staphylococcus aureus and CoNS isolates tested against thirteen antibiotics, 
meropenem showed the highest resistance (95%), followed by cefuroxime (90%), oxacillin 
(87.5%), and cefoperazone (85%). Resistance to ampicillin was observed in 50% of isolates, 
while 47.5% were resistant to augmentin and vancomycin, 45% to cotrimoxazole, and 37.5% 
to tetracycline. The highest susceptibility was seen with gentamicin (95%), cephalexin (92.5%), 
erythromycin (90%), and ciprofloxacin (77.5%). 
 
For S. aureus specifically, gentamicin was effective in 95% of cases, cephalexin in 92.5%, 
ciprofloxacin in 77.5%, cotrimoxazole in 55%, augmentin in 52.5%, tetracycline in 62.5%, 
vancomycin in 52.5%, erythromycin in 90%, cefoperazone in 15%, cefuroxime in 10%, oxacillin 
in 12.5%, meropenem in 5%, and ampicillin in 50%. Most isolates were resistant to 
meropenem, oxacillin, and third-generation cephalosporins, consistent with Alarjani et al. 
(2021), who also noted high resistance in neonatal S. aureus strains. Alarjani et al. (2021) further 
reported over 35% of neonatal S. aureus resistant to vancomycin and erythromycin. In this 
study, vancomycin resistance was 47.5% and erythromycin resistance was 10%. Moreover, 
90% of the Staphylococcus isolates were multidrug resistant, aligning with previous findings 
(Alarjani et al., 2021; Nurjadi et al., 2021). 
 
Table 3: Antibacterial Susceptibility Pattern of Staphylococcus spp. 

Antibiotics Code CoNS 
(n=4) 

Staphylococcus 
aureus (n=36) 

Total (n=40) Pearson Chi-
Square 

P-value 

AMP R 2 (5.0) 18 (45.0) 20 (50.0) 0.000 1.000 

S 2 (5.0) 18 (45.0) 20 (50.0) 
  

MEM R 4 (10.0) 34 (85.0) 38 (95.0) 0.234 0.629 

S 0 (0.0) 2 (5.0) 2 (5.0) 
  

ERY R 1 (2.5) 3 (7.5) 4 (10.0) 1.111 0.292 

S 3 (7.5) 33 (82.5) 36 (90.0) 
  

TET R 3 (7.5) 12 (30.0) 15 (37.5) 2.667 0.102 

S 1 (2.5) 24 (60.0) 25 (62.5) 
  

COT R 3 (7.5) 15 (37.5) 18 (45.0) 1.616 0.204 

S 1 (2.5) 21 (52.5) 22 (55.0) 
  

CRX R 4 (10.0) 32 (80.0) 36 (90.0) 0.494 0.482 

S 0 (0.0) 4 (10.0) 4 (10.0) 
  

GEN R 1 (2.5) 1 (2.5) 2 (5.0) 3.743 0.053 

S 3 (7.5) 35 (87.5) 38 (95.0) 
  

CP R 0 (0.0) 3 (7.5) 3 (7.5) 0.360 0.548 

S 4 (10.0) 33 (82.5) 37 (92.5) 
  

AUG R 3 (7.5) 16 (40.0) 19 (47.5) 1.348 0.246 
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S 1 (2.5) 20 (50.0) 21 (52.5) 
  

CIP R 1 (2.5) 8 (20.0) 9 (22.5) 0.016 0.900 

S 3 (7.5) 28 (70.0) 31 (77.5) 
  

VAN R 2 (5.0) 17 (42.5) 19 (47.5) 0.011 0.916 

S 2 (5.0) 19 (47.5) 21 (52.5) 
  

CPZ R 4 (10.0) 30 (75.0) 34 (85.0) 0.784 0.376 

S 0 (0.0) 6 (15.0) 6 (15.0) 
  

OX R 4 (10.0) 31 (77.5) 35 (87.5) 0.635 0.426 

S 0 (0.0) 5 (12.5) 5 (12.5) 
  

CoNS- Coagulase Negative Staphylococcus, R- Resistant, S- Susceptible, AMP- Ampicillin, MEM- Meropenem, 
ERY-Erythromycin, TET-Tetracycline, COT- Cotrimoxazole, CRX- Cefuroxime, GEN-Gentamicin, CP- Cephalexin, 
AUG- Augmentin, CIP-Ciprofloxacin, VAN- Vancomycin, CPZ- Cefoperazone, OX- Oxacilin 

 
The antibacterial impact of Bambusa vulgaris and corn silk (upper and lower) extracts as 
observed on Staphylococcus spp. 

Figure 1 showed the susceptibility patterns of Bambusa vulgaris and corn silk (upper and 
lower) fractions against different Staphylococcus strains. The ethanol fraction of B. vulgaris at 
100 µg/mL (BAE100) exhibited the strongest antibacterial activity, with a 16 mm zone against 
S. aureus and 14 mm against CoNS. Similarly, the methanol fraction (BAM100) at 100 µg/mL 
displayed zones of 15 mm for S. aureus and 16 mm for CoNS. In contrast, the n-hexane fraction 
(BAH50) at 50 µg/mL showed the largest zone of 19 mm against S. aureus, though BAH100 
had only a 6 mm zone and no effect on CoNS. Water-based B. vulgaris fractions had a 
maximum zone of 18 mm for S. aureus at 100 µg/mL (BAA100) and 15 mm for CoNS at 
25 µg/mL (BAA25). 
 
Regarding corn silk, the methanol extract of upper corn silk at 100 µg/mL had the highest 
activity, with a 25 mm zone for S. aureus and 19 mm for CoNS. Lower corn silk methanol 
extract at 50 µg/mL produced zones of 21 mm for S. aureus and 35 mm for CoNS. Overall, 
bacteria were more responsive to ethanol and methanol extracts of B. vulgaris and corn silk 
compared to their water and n-hexane extracts, with S. aureus showing greater susceptibility. 

Figure 1. Susceptibility Pattern of S. aureus and CoNS against Bambusa vulgaris and                       corn silk extracts 

 
The study showed that ethanol bioactive fractions of upper corn silk, lower corn silk, and 
Bambusa vulgaris had the highest resistance at lower concentrations (25 µg/mL), with 
statistical significance (χ² = 6.915, p = 0.032), specifically 21.7% in upper corn silk, 20% in lower 
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corn silk, and 12.5% in B. vulgaris. At higher concentrations (50 µg/mL and 100 µg/mL), 
resistance decreased and was statistically insignificant (χ² = 3.666, p = 0.16; χ² = 4.242, p = 0.12, 
respectively), as shown in Table 4. 
 
The methanol fractions of B. vulgaris and Stigma maydis did not show meaningful antibacterial 
effects at the tested concentrations. Similarly, n-hexane fractions showed no significant 
antibacterial activity (p > 0.05), indicating that the strains were more resistant to n-hexane 
extracts than to ethanol and methanol extracts. 
 
This study revealed that ethanol and methanol fractions had greater antibacterial activity than 
n-hexane and water fractions. The greater activity of ethanol and methanol fractions may be 
due to their higher solvent polarity and the presence of more bioactive compounds. Water’s 
strong polarity did not translate to notable antibacterial activity. Nessa et al. (2012) also noted 
the methanol extract of corn silk had antibacterial activity against S. aureus and other 
pathogenic bacteria. 
 
Table 4: Zone Size Inhibition of Bambusa vulgaris, lower corn silk and upper corn silk 

Bioactive 
fractions/c
onc 
(µg/ml)  

  Bambusa 
vulgaris (%) 

lower corn 
silk (%) 

upper corn 
silk (%) 

Total (%) Pearson 
Chi-

Square 
(χ2) 

P-value 

Ethanol 
Fraction 25 

CoNS R 2 (1.7) 2 (1.7) 3 (2.5) 7 (5.8) 0.686 0.710 

S 2 (1.7) 2 (1.7) 1 (0.8) 5 (4.2) 
  

S. 
aureus 

R 13 (10.8) 22 (18.3) 23 (19.2) 58 (48.3) 6.778 0.034 

S 23 (19.2) 14 (11.7) 13 (10.8) 50 (41.7) 
  

Total R 15 (12.5) 24 (20.0) 26 (21.7) 65 (54.2) 6.915 0.032 

S 25 (20.8) 16 (13.3) 14 (11.7) 55 (45.8) 
  

Ethanol 
Fraction 50  

CoNS R 2 (1.7) 2 (1.7) 2 (1.7) 6 (5.0) 0.000 1.000 

S 2 (1.7) 2 (1.7) 2 (1.7) 6 (5.0) 
  

S. 
aureus 

R 10 (8.3) 18 (15.0) 12 (10.0) 40 (33.3) 4.129 0.127 

S 26 (21.7) 18 (15.0) 24 (20.0) 68 (56.7) 
  

Total R 12 (10.0) 20 (16.7) 14 (11.7) 46 (38.3) 3.666 0.160 

S 28 (23.3) 20 (16.7) 26 (21.7) 74 (61.7) 
  

Ethanol 
Fraction 
100  

CoNS R 0 (0.0) 1 (0.8) 1 (0.8) 2 (1.7) 1.200 0.549 

S 4 (3.3) 3 (2.5) 3 (2.5) 10 (8.3) 
  

S. 
aureus 

R 14 (11.7) 22 (18.3) 16 (13.3) 52 (43.3) 3.857 0.145 

S 22 (18.3) 14 (11.7) 20 (16.7) 56 (46.7) 
  

Total R 14 (11.7) 23 (19.2) 17 (14.2) 54 (45.0) 4.242 0.120 

S 26 (21.7) 17 (14.2) 23 (19.2) 66 (55.0) 
  

         

Methanol 
Fraction 25 

CoNS R 2 (1.7) 3 (2.5) 2 (1.7) 7 (5.8) 0.686 0.710 

S 2 (1.7) 1 (0.8) 2 (1.7) 5 (4.2) 
  

 
S. 
aureus 

R 15 (12.5) 20 (16.7) 17 (14.2) 52 (43.3) 1.409 0.494 

S 21 (17.5) 16 (13.3) 19 (15.8) 56 (46.7) 
  

 
Total R 17 (14.2) 23 (19.2) 19 (15.8) 59 (49.2) 1.867 0.393 

S 23 (19.2) 17 (14.2) 21 (17.5) 61 (50.8) 
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Methanol 
Fraction 50 

CoNS R 0 (0.0) 3 (2.5) 2 (1.7) 5 (4.2) 4.800 0.091 

S 4 (3.3) 1 (0.8) 2 (1.7) 7 (5.8) 
  

 
S. 
aureus 

R 18 (15.0) 21 (17.5) 21 (17.5) 60 (50.0) 0.675 0.714 

S 18 (15.0) 15 (12.5) 15 (12.5) 48 (40.0) 
  

 
Total R 18 (15.0) 24 (20.0) 23 (19.2) 65 (54.2) 2.081 0.353 

S 22 (18.3) 16 (13.3) 17 (14.2) 55 (45.8) 
  

Methanol 
Fraction 
100 

CoNS R 0 (0.0) 2 (1.7) 1 (0.8) 3 (2.5) 2.667 0.264 

S 4 (3.3) 2 (1.7) 3 (2.5) 9 (7.5) 
  

 
S. 
aureus 

R 13 (10.8) 20 (16.7) 15 (12.5) 48 (40.0) 2.925 0.232 

S 23 (19.2) 16 (13.3) 21 (17.5) 60 (50.0) 
  

 
Total R 13 (10.8) 22 (18.3) 16 (13.3) 51 (42.5) 4.297 0.117 

S 27 (22.5) 18 (15.0) 24 (20.0) 69 (57.5) 
  

         

n-Hexane 
Fraction 25 

CoNS R 1 (0.8) 1 (0.8) 1 (0.8) 3 (2.5) 0.000 1.000 

S 3 (2.5) 3 (2.5) 3 (2.5) 9 (7.5) 
  

S. 
aureus 

R 28 (23.3) 21 (17.5) 19 (15.8) 68 (56.7) 5.321 0.070 

S 8 (6.7) 15 (12.5) 17 (14.2) 40 (33.3) 
  

Total R 29 (24.2) 22 (18.3) 20 (16.7) 71 (59.2) 4.622 0.099 

S 11 (9.2) 18 (15.0) 20 (16.7) 49 (40.8) 
  

n-Hexane 
Fraction 50 

CoNS R 4 (3.3) 2 (1.7) 1 (0.8) 7 (5.8) 4.800 0.091 

S 0 (0.0) 2 (1.7) 3 (2.5) 5 (4.2) 
  

S. 
aureus 

R 26 (21.7) 16 (13.3) 14 (11.7) 56 (46.7) 9.198 0.010 

S 10 (8.3) 20 (16.7) 22 (18.3) 52 (43.3) 
  

Total R 30 (25.0) 18 (15.0) 15 (12.5) 63 (52.5) 12.632 0.002 

S 10 (8.3) 22 (18.3) 25 (20.8) 57 (47.5) 
  

n-Hexane 
Fraction 
100 

CoNS R 4 (3.3) 2 (1.7) 0 (0.0) 6 (5.0) 8.000 0.018 

S 0 (0.0) 2 (1.7) 4 (3.3) 6 (5.0) 
  

S. 
aureus 

R 30 (25.0) 17 (14.2) 17 (14.2) 64 (53.3) 12.963 0.002 

S 6 (5.0) 19 (15.8) 19 (15.8) 44 (36.7) 
  

Total R 34 (28.3) 19 (15.8) 17 (14.2) 70 (58.3) 17.760 0.000 

S 6 (5.0) 21 (17.5) 23 (19.2) 50 (41.7) 
  

         

Aqueous 
Fraction 25 

CoNS R 1 (0.8) 3 (2.5) 4 (3.3) 8 (6.7) 5.250 0.072 

S 3 (2.5) 1 (0.8) 0 (0.0) 4 (3.3) 
  

 
S. 
aureus 

R 28 (23.3) 29 (24.2) 29 (24.2) 86 (71.7) 0.114 0.945 

S 8 (6.7) 7 (5.8) 7 (5.8) 22 (18.3) 
  

 
Total R 29 (24.2) 32 (26.7) 33 (27.5) 94 (78.3) 1.277 0.528 

S 11 (9.2) 8 (6.7) 7 (5.8) 26 (21.7) 
  

Aqueous 
Fraction 50 

CoNS R 3 (2.5) 3 (2.5) 3 (2.5) 9 (7.5) 0.000 1.000 

S 1 (0.8) 1 (0.8) 1 (0.8) 3 (2.5) 
  

 
S. 
aureus 

R 33 (27.5) 29 (24.2) 25 (20.8) 87 (72.5) 5.675 0.059 

S 3 (2.5) 7 (5.8) 11 (9.2) 21 (17.5) 
  

 
Total R 36 (30.0) 32 (26.7) 28 (23.3) 96 (80.0) 5.000 0.082 

S 4 (3.3) 8 (6.7) 12 (10.0) 20.0) 
  

Aqueous 
Fraction 
100 

CoNS R 3 (2.5) 4 (3.3) 4 (3.3) 11 (9.2) 2.182 0.336 

S 1 (0.8) 0 (0.0) 0 (0.0) 1 (0.8) 
  

 
R 28 (23.3) 29 (24.2) 31 (25.8) 88 (73.3) 0.859 0.651 
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S. 
aureus 

S 8 (6.7) 7 (5.8) 5 (4.2) 20 (16.7) 
  

 
Total R 31 (25.8) 33 (27.5) 35 (29.2) 99 (82.5) 1.385 0.500 

S 9 (7.5) 7 (5.8) 5 (4.2) 21 (17.5) 
  

 
Identified nuc, mecA, ermA, and ermC genes in Neonatal Staphylococcus spp. 
The distribution of the nuc gene and antibiotic resistance genes (mecA, ermA, and ermC) was 
examined in 21 neonatal Staphylococcus spp. isolates out of 40 total strains. Four of these 
isolates did not carry any of these genes. Among the tested isolates, 81% were nuc-positive 
(276 bp band), 26% mecA-positive (533 bp band), 9.5% ermA-positive (190 bp band), and 18% 
ermC-positive (564 bp band). Oxacillin resistance was observed in 20 of the 21 (95.2%) strains, 
indicating widespread methicillin resistance, even though only 7 of these 21 strains harboured 
the mecA gene. 
 
Methicillin-resistant Staphylococcus aureus was identified using PCR to detect both the mecA 
gene (conferring methicillin resistance) and the nuc gene (coding for thermonuclease enzyme 
stability). All 17 neonatal S. aureus isolates carried the nuc gene, while none of the four 
coagulase-negative staphylococci (CoNS) isolates did, in line with Canning et al. (2020), who 
reported that the nuc gene is present in S. aureus but absent in CoNS. 
 
The presence of antimicrobial resistance genes in these isolates aligns with the phenotypic 
antibiotic resistance observed. Resistance to erythromycin by the erm genes (ermA and ermC) 
was noted in 7 of the 21 strains, similar to previous findings by Yao (2019). Erythromycin 
resistance methylase, encoded by erm genes, is responsible for this resistance. These genes 
were more commonly found in S. aureus than in CoNS. 
 
Interestingly, the study showed that phenotypic oxacillin resistance was present in nearly all 
isolates, even though only 7 (26%) of the strains possessed the mecA gene. This finding 
matches Elhassan et al. (2015), suggesting that mechanisms other than mecA, such as 
hyperproduction of beta-lactamase or cell wall modifications, can also mediate oxacillin 
resistance. 
 
Comparing with other studies, Zmantar et al. (2008) found 14 S. aureus strains (40%) carrying 
erm genes, mostly ermA and ermC. Ghanbari et al. (2016) also identified these genes in different 
proportions, while Moosavian et al. (2014) reported 41.1% of isolates with ermA, 17.7% with 
ermC, and none with ermB. 
 
Overall, this study underscores the significant presence of antibiotic-resistant genes in 
neonatal Staphylococcus strains and highlights the importance of exploring bioactive natural 
compounds as potential antibacterial agents. Understanding the molecular mechanisms 
behind resistance can guide the development of effective strategies to combat neonatal sepsis 
caused by resistant strains. 
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Figure 2: Distribution of nuc, mecA, ermA and ermC genes in Neonatal Staphylococcus spp. 

 

 
      Figure 3. Gel electrophoresis image of representative isolates having band for nuc gene 
Key: 1. BAS4AN, 2. BAS13AN, 3. BAS92AN, 4. BAS23A, 5. BAS72A, 6. BAS2AN,            7. BAS12A 

 
 

 
Figure 4: Gel electrophoresis image of representative isolates having band for mecA gene 
Key: 1. BAS13AN, 2. BAS23A, 3. BAS12A, 4. MSAS/SA, 5. MSAS3AN 
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Figure 5. Gel electrophoresis image of isolates having band for ermA gene 
Key: 1. BAS92AN, 2. MSAS/SA 
 

 
Figure 6. Gel electrophoresis image of isolates having band for ermC gene 
Key: 1. BAS3AN, 2. MSAS3AN, 3. BAS12A, 4. BAS23A, and 5. BAS13AN 

 
 
CONCLUSION 
Some neonatal Staphylococcus strains showed antibiotic resistance linked to mecA, ermA, and 
ermC genes, posing serious health threats. Traditional medicinal plants like Stigma maydis and 
Bambusa vulgaris, rich in bioactive phytochemicals such as polyphenols and flavonoids, 
showed antibacterial potential and offer alternative treatments against resistant infections. 
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