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METHICILLIN-RESISTANT STAPHYLOCOCCUS AUERUS: RISK FACTOR, PREVALENCE AND ANTIMICROBIAL SUSCEPTIBILITY PATTEREN AMONG PREGNANT WOMEN AT MATER HOSPITAL NIGERIA

ABSTRACT
Staphylococcus aureus especially some types of methicillin-resistant Staphylococcus aureus” (MRSA) is the major cause of both community and hospital acquired infection globally. us infections. The aim of this study was to determine the risk factors, prevalence and antimicrobial susceptibility pattern of methicillin-resistant Staphylococcus aureus (MRSA) isolated from urine samples of pregnant women attending ante-natal clinics in Mater hospital Afikpo, Ebonyi State. A total of one hundred and fifty (150) urine samples were collected from pregnant women, attending ante-natal clinics in Mater hospital Afikpo, Ebonyi State, and transported to Microbiology laboratory of Ebonyi State university within two hours of collection. The samples were inoculated unto nutrient broth for overnight incubation for enrichment. They were then sub-cultured aerobically at 370C onto Mannitol salt agar (MSA) plates for 24hrs. Then the plates were examined to quantify the organisms present according to Clinical Laboratory Standard Institute (CLSI) guidelines. Antimicrobial susceptibility was carried out using disc diffusion method. Out of the 150 urine samples analyzed, 61(40.7%) were positive for Staphylococcus aureus. The 61 Staphylococcus aureus was further screened for MRSA, 20 was shown to be MRSA positive (36.0%).  S. aureus and MRSA were shown to be more prevalent among pregnant women of age 23-27years of age and 38-42 years 46% and 100% respectively. Pregnant women who are civil servants has the highest MRSA (40%), MRSA was also high among the pregnant women who are had tertiary level of education (23%), Finally, those in their second trimester had 45% MRSA.  Antimicrobial susceptibility results showed that S. aureus was highly resistance to all the 10 antibiotics subjected to; oxacillin (97%), ceftriaxone (100%), gentamycin (97%), clindamycin (100%), tetracycline (92%), cefotaxin (100%), erythromycin (100%S) vancomycin (100%) and ciprofloxacin (95%), except for imipenem (61%) that are susceptible. The burdens of MRSA can be dealt with and reduced if the result from this research is considered as a guide during ante-natal care awareness/sensitization in the hospitals.  
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INTRODUCTION
Infection caused by Staphylococcus aureus in recent time as recorded globally is of a great concern.   S aureus has been identified as the leading cause of septicemia, endocarditis, pneumonia, infection of the eye and central nervous system (1). This organism has different virulence factors that works in synergy to cause severe infection. S aureus produces catalase, which is an enzyme that allows intracellular survival of this bacterium by breaking down hydrogen peroxide which serves as the host defense mechanism (2). It has three surface proteins which includes; include coagulase; the catalyst that generates fibrin from fibrinogen and clumping factors (which cause clotting). Toxins and extracellular substances of S. aureus include hemolysins (which destroy erythrocytes), leukocidins (which cause skin necrosis), and exfoliative toxin and enterotoxins B and C (which propagate the systemic inflammatory response). Panton-Valentine leukocidin is a toxin possesses by S. aureus that can do all the above (4). These virulence factors allow S aureus to cause the varieties of clinical syndromes for which this bacterium is known, including the development of abscesses. S aureus can acquire new genetic elements. Local environmental stressors, such as low pH, low oxygen, poor availability of nutrients, extremes in temperatures, and antibiotic use, may force altered genetic expression through regulatory mechanisms. In total, intrinsic and acquired genetic material expands the ability of S aureus to affect the patient while surviving in harsh conditions (3,5).
Pathogen transmission between species is recognized as being of clinical relevance and zoonotic. The transmission of commensal Staphylococcus spp., including those resistant to methicillin and other antibiotics, has been recognized from animals to humans and vice versa particularly among domestic animals and their owners Importantly, the transmission also occurs among staff working in veterinary hospitals and their patients, as well as among patients who are in the same hospital The objective of this study was to isolate and identify Staphylococcus spp. obtained from healthy humans.
Methicillin resistant Staphylococcus aureus (MRSA) has been widely known as the major nosocomial pathogen that causes several death incidence and mortality worldwide. The prevalence rate of Methicillin-resistant Staphylococcus aureus in the world currently is very diverse (10). MRSA strains are endemic in many parts of the world including our hospitals which account for more than 29%–35% of all clinical isolates. Recently, many studies have recorded high increased in infection associated with MRSA. Surveillance strategies have been proposed especially in high-risk areas such as the intensive care unit to minimize this infection. Pneumonia and bacteremia account for the majority of MRSA serious clinical infections, but intra-abdominal infections, osteomyelitis, toxic shock syndrome, food poisoning, and deep tissue infections are also important clinical diseases. Glycopeptide and vancomycin are the conventional antibiotic therapy used for the treatment of infection caused by MRSA. New antibiotics have also been recently released that add to the therapeutic armamentarium against MRSA and these are linezolid, and quinupristin/dalfopristin, but cost, side effects, and resistance may limit their long-term usefulness.
Almost 80% of some regions in Africa has recorded numerous S. aureus infection that are resistant to methicillin, this made treatment with antibiotics to be less effective (6). Different studies both in Nigeria and in Ethiopia has recorded a great burden of MRSA which constitutes the major public health issue we are facing (7-9), there is need for establishing prevention and control protocol in order to reduce MRSA infection. In addition, antibiotics are widely and inappropriately used results in the increased prevalence of drug resistance strain bacteria such as MRSA, so that a study on the prevalence of these pathogens and their sensitivity patterns in healthcare facility will give updated information which is very helpful for health personnel responsible in the management of patients and timely monitoring of the emergence of resistant bacteria The specific objective of this research is to ascertain the current prevalence and antibiotic susceptibility patterns of S. aureus and MRSA among pregnant women in clinical isolates to various antibiotics  

2. Methods
2.1 Study Setting and Period of Study
The study was conducted among one hundred and fifty (150) pregnant women attending ante-natal clinic in Mile four hospital Ebonyi State from March-July, 2024.  Mile four hospital is located at Ohatekwe Agalegu  Ishieke community in Ebonyi local Government Area of Ebonyi, South eastern part of Nigeria.
Sample collection and processing and Antimicrobial Susceptibility Testing (AST)
Clean-catch midstream urine samples were collected from the pregnant women volunteers who were not on antibiotics treatment at the time of sampling and analyzed using microbiological standard procedures. All samples collected were transported to microbiology laboratory Ebonyi State University (EBSU) immediately using a cold ice bag for culturing and antimicrobial susceptibility tests.
The samples were first inoculated unto broth for the purpose of enrichment. Mannitol salt agar (MSA) was used for Staphylococcus aureus identification, guidelines from American Society for Microbiology (ASM) were followed for morphological and biochemical tests. Using Kirby-Bauer disc diffusion method, antimicrobial susceptibility testing (AST) was carried out. 
Antimicrobial susceptibility testing 
The antibiotic susceptibility test was done according to (Bauer et al. 1966). The antibiotic discs used in this study were obtained from Oxide (Hampshire, England). These discs are methicillin (ME, 5μg), ceftriaxone (CRO, 30μg), cefotaxime (CTX, 30μg), azi (OX, 30 μg), erythromycin (E, 15μg), ciprofloxacin (CIP, 5μg), gentamicin (CN, 10μg), tetracycline (TE, 30μg), clindamycin (DA, 2μg), vancomycin (VA, 30μg), IPM-Imipenem (IPM 30μg). The antibiotic susceptibility was performed as follows: bacterial suspensions were prepared from overnight cultures on Muller-Hinton (MH) agar (Oxoid, Hampshire, England). Bacterial density was adjusted to 0.5 McFarland standard which corresponds to approximately (1.5×108 CFU/mL). The surface of MH agar plate was evenly inoculated with bacterial suspensions using sterile swabs. Plates were dried before applying the antibiotic discs, incubated overnight at 37°C. The diameters of inhibition zones around discs were measured and results were interpreted according to Clinical Laboratory Standards Institute guidelines (CLSI, 2018)
Statistical  Analysis
All data collected in this research was analyzed and interpreted statistically using chisquare test to determine the significance difference between the two genders. Microsoft excel program was used to enter the data collected. Data were analyzed using statistical package for social science (SPSS).
Ethical approval
This study was approved by the Ethical committee of Mile four hospital and Maternity, Ebonyi State Nigeria, with ethical identification number MHM/2021-009
RESULTS
Isolation and identification of Staphylococcus aureus 

A total of 150 isolates were obtained from urine samples of pregnant women as shown in table 1. S. aureus isolates were identified microscopically as Gram positive cocci arranged in bunches. They were confirmed biochemically as shown in table 2. 

Table 1: Source and number of S. aureus isolates 
	Test
	Result 

	Test on nutrient agar
	Yellow golden colony

	Catalase
	+

	Coagulase
	+

	Oxidase
	+

	Mannitol fermentattion
	Mannitol fermentor



Table 2: Demographic data of pregnant women attending antenatal clinics at 			Mile 4 Hospital and Mater Hospital.
	Demographic parameter
	Scale
	Mater Hospital

	
	
	

	Age
	18-22
	6

	
	23-27
	59

	
	28-32
	39

	
	33-37
	33

	
	38-42
	10

	
	TOTAL
	150

	
	
	

	Occupation
	Self-employed
	69

	
	Civil servants
	30

	
	House wives
	51

	
	TOTAL
	150

	
	
	

	Educational Qualification
	Primary
	0

	
	Secondary
	60

	
	Tertiary
	87

	
	TOTAL
	150

	
	
	

	Stage of Pregnancy
	First trimester
	9

	
	Second trimester
	45

	
	Third trimester
	96

	
	TOTAL
	150

	
	
	

	Marital Status
	Married
	149

	
	Single
	1

	
	TOTAL
	150

	
	
	



	Age
	No. Ex.
	No. Ex.
	Mater Hospital
	

	
	
	
	*S. aureus
	+MRSA
	P-value

	18-22 
	20
	6
	3(50%)
	1(33%)
	-0.35080

	23-27 
	59 
	59
	15(25%)
	7(46%)
	0.86350

	28-32 
	36 
	39
	24(61%)
	6(25%)
	-0.75556

	33-37 
	18
	33
	15(45%)
	3(20%)
	0.18889

	38-42 
	17
	10
	10(100%)
	3(30%)
	-0.89048

	∑X
	150
	150
	67(44%)
	20(30%)
	

	*Mean ± SD = 13.4 ±7.701, Std. error = 3.443.
+Mean ± SD = 3.80 ±2.588, Std. error = 1.157






Table 3: Antibiotics Resistance and Susceptibility pattern of 50 MRSA isolates.	
S/N	 Organism Name		  Resistant			 Susceptibility
1. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE,
2. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE	
3. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE	
4. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
5. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
6. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
7. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
8. S.aureus		OX,CRO,CIP,VA			,CN,E,C,MY,IPM,TE
9. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
10. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
11. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
12. S.aureus		OX,CRO,CIP,VA			,CN,E,C,MY,IPM,TE
13. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
14. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
15. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
16. S.aureus		OX,CRO,CIP,VA			,CN,E,C,MY,IPM,TE
17. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
18. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
19. S.aureus		OX,CRO,CIP,VA,CN,		E,C,MY,IPM,TE
20. S.aureus		OX,CRO,CIP,VA,CN,		E,C,MY,IPM,TE
21. S.aureus		OX,CRO,CIP,VA,CN,		E,C,MY,IPM,TE
22. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
23. S.aureus		OX,CRO,CIP,VA,CN,		E,C,MY,IPM,TE
24. S.aureus		OX,CRO,CIP,				VA,CN,E,C,MY,IPM,TE
25. S.aureus		CRO,CIP,VA,CN,E,			OX,C,MY,IPM,TE
26. S.aureus		OX,CRO,CIP,VA			CN,E,C,MY,IPM,TE
27. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
28. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
29. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
30. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
31. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
32. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
33. S.aureus		OX,CRO,CIP,VA			,CN,E,C,MY,IPM,TE
34. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
35. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
36. S.aureus		OX,CRO,CIP,VA			,CN,E,C,MY,IPM,TE
37. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
38. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
39. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
40. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
41. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
42. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
43. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
44. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
45. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
46. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
47. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
48. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
49. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE
50. S.aureus		OX,CRO,CIP,VA,			CN,E,C,MY,IPM,TE

OX-Oxacilin, CRO-Ceftriaxone, CIP-Ciprofloxacin, VA-Vancomycin, CN- clindamycin, E-Erythromycin, C-Cefotaxin, MY-Gentamycin, IPM-Imipenem,TE-Tetracycine.
DISCUSSION 
S. aureus is a common bacterium known to cause wide range of infections such as skin and soft-tissue infections (STIs) (12). S. aureus is also causes of food-borne illness worldwide (13).
This research investigated the current prevalence of S. aureus and MRSA in urine samples of pregnant women. None of such studies has been done is this study area in Ebonyi state and among the few such studies in this group known as risk group globally. The prevalence of S. aureus and MRSA was found to be 61(40%) and 22(36%) respectively. 
The prevalence of S. aureus and MRSA was found to be higher than those reported in a study carried out among pregnant women in other country for S. aureus, and almost the same as reported by Eibach et al, 2017 – 22.1% and 2%, respectively. The low prevalence may be as a result of the age range in the studies. It has been noted in the report of Eibach et al, 2017 that age is an important determinant of S. aureus in urine carriage. This study is in accordance with the report of Abera et al 2008, who reported high prevalence of MRSA outside Addisa Abba and is against the report of Tebelay and Adane 2016 who reported 17.5% MRSA in hospital medical college Addisa Abba
The occurrence of Staphylococcus aureus and Methicilin-resistant Staphylococcus aureus (MRSA) was high among pregnant women between the age of 33-37years and 38-42years with 66% and 100% respectively. In a similar study conducted in J.N. Medical College, Wardha (Maharashtra), there was an increased in the prevalence of MRSA as 51.8% in 2010 as reported by Mallick et al 2010 which was 30.6% in 1997. Tiemersma et al., 2004 also reported a high increase in methicillin resistance in clinical isolates of S. aureus between 1999 and 2002 in European countries. At the beginning of their study the prevalence of 9.4%, 30.5% and 37% was increased to 19.2%, 44.5% and 48.6% in Germany, United Kingdom and in Greece respectively
The occurrence of Staphylococcus aureus was high among pregnant women who are civil servants (53%) while methicilin-resistant Staphylococcus aureus (MRSA) is low among pregnant women who are civil servants (33%). Civil servants are those employed by government into various departments and agencies. Not all civil servants that have high education profile. Those with no or little education level can still be among civil servants. In another development, educated civil servants may be aware of their health issues or good hygiene procedure, but may delay seeking medical care due to tight schedules, thereby been confidence in management of symptoms.
The occurrence of Staphylococcus aureus was high among pregnant women who are in secondary level of education (51%) and low among the pregnant women who are in primary level of education (10%). Lack of advance knowledge on hygiene practices, including knowledge about reproductive health can contribute or increase the risk of bacterial infections in women with this level of education. This study agrees with the report of Ayogu et al. (2017) and Ike et al ., (2016) who reported a high increase of S. aureus and MRSA with 65% and 60% respectively among pregnant women attending ante-natal clinics at Mater hospital Afikpo Ebonyi State Nigeria. Ani et al, 2015 also reported high S.aureus  in urine sample of females.
The occurrence of Staphylococcus aureus was high among pregnant women who are at their third trimester (57%) while Methicilin-resistant Staphylococcus aureus (MRSA) was low among the pregnant women who are at their third trimester of their pregnancy. Undiagnosed infections can cause risk to both mother and child. Pre-term labour and low birth weight has been associated with MRSA infection by other studies. 
The present study showed that S. aureus and MRSA were shown to be more prevalent among pregnant women of age 23-27years of age and 38-42 years 46% and 100% respectively. This is higher than the report of Ani et al (2015) who reported 47% Staphylococcus aureus among students of age 20-25years of age. The work also agrees with that of Bushell et al (2013). This work also is not in agreement with the work of Tebelay and Adane (2016), who in their study stated that the rate of isolation of Staphylococcus aureus  was high in those at the age of 15-24years. Pregnant women who are civil servants has the highest MRSA (40%), MRSA was also high among the pregnant women who are had tertiary level of education (23%), Finally, those in their second trimester had 45% MRSA  
In this study, antibiotics susceptibility pattern of 20 Staphylococcus aureus isolates shows that Ampicillin (90%), Amoxicillin-clavulanic (85%), Gentamycin (60%) and Ofloxacin (50%) were highly susceptible to S. aureus, while Ceftriaxone (95%), Ciprofloxacillin (75%), Tetracycline (75%), Nitrofurantoin (70%) and Cefoxitin (65%) were resistant to S. aureus. This research also agrees with the work Osuide et al (1996) who observed high susceptibility pattern of antibiotics in ampicillin and gentamicin (90% and 92%) respectively against Staphylococcus aureus.  In the same manner, Abraham et al (2020) reported high resistance among commonly used antibiotics (Ciprofloxacin and tetracycline) in Staphylococcus aureus. Ike et al (2016) that Ampicillin (90%), Amoxicillin-clavulanic (85%) were highly susceptible to S. aureus. Majority of the MRSA were resistant to more than two antimicrobial agents as duly observed in most review work.
The isolates recovered were completely resistant to methicillin (100%) which agrees with Kadry et al. (2016) who also reported 100% and similar to Ahmed et al. (2014) who reported 94%. While in Ahmad et al. (2013), Verma et al. (2000) resistance rate was lower (80.8% and 50% respectively). 
Our study shows high resistance to ceftriaxone and cefotaxime (92.2%). This was similar to (Ahmed et al. 2014) who reported high resistant rate to CTX (88.9%), However (Sanjana et al. 2010) reported intermediate resistance (31.6%). 
Our study shows high resistance to tetracycline (63.1%). This was similar to (Ahmad et al. 2013, Al-Zoubi et al. 2015) that reported resistance rate were (68.6% and 58.4% respectively), However in (Ahmed et al. 2014) reported higher resistance rate (90.3%) and in (Gitau et al. 2018) reported lower resistance rate 33%. In this study S. aureus isolates show intermediate resistance to gentamycin 47.5%, azithromycin 30.1% and erythromycin 31.1%. This result agrees with (Dweba et al. 2019) who reported (47%, 37.2% and 23% respectively). While result obtained by (Wu et al. 2018) show lower resistance rate to gentamycin 16.7%. However (Marais et al. 2009) showed that high resistant to gentamycin and erythromycin (65.7% and 78.6% respectively). S. aureus isolates show low resistance against chloramphenicol and ciprofloxacin (22.3% and 20.4% respectively). Those findings were in agreement with that mentioned by (Wu et al. 2018) where resistance rates were (23.3% each). And in (Kumari et al. 2008) showed resistance rate to ciprofloxacin was 22.8%.
The alarming nature of multidrug-resistant strains of MRSA is a thing of concern in the present therapeutic scenario. Multidrug resistance was defined as resistance of the strain towards three or more antibiotics at a given point of time (Tiwari et al. 2008). In this study, 64% of S. aureus isolates were MDR. This result was similar to (Liang et al. 2019, Styers et al. 2006) who found that (65%, 68.6% respectively) of S. aureus isolates were MDR. But was not agreed with (Al-Zoubi et al. 2015) at which 31% S. aureus isolates were MDR. However (Fluit et al. 2001) reported high percentage of MDR was 87%.
CONCLUSION 
[bookmark: _GoBack]This research shows that S. aureus and methicillin-resistant S. aureus is the known bacteria related to the cause of soft tissue infections. It also shows high prevalence of S. aureus which can be as a result of the pathogen been a normal flora of the body and low prevalence of MRSA isolates, meaning that not all S. aureus is truly MRSA, some can be treated without resistance. Its resistance pattern to an accepted antibiotic in use call for proper monitoring or surveillance of MRSA alongside with its antimicrobial pattern. when hospital infection control makes their policy, they should be measures for checkmating its proper implementation so as to increase productivity in the side of the clinicians while caring for the pregnant women.
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