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Abstract
Methicillin-resistant Staphylococcus aureus (MRSA) is an increasingly

prevalent pathogen. We studied the prevalence of MRSA and its

association with vaginitis during pregnancy. Bacteriological

investigations of high vaginal swabs of 350 healthy pregnant women

attending antenatal clinics were carried out. Staphylococci were

isolated from high vaginal swabs of 135 of the women. The

staphylococcal isolates were resistant to multiple antibiotics. The

PCR amplification of DNA of 20 selected isolates yielded six

possessing the mecA gene and 13 the blaZ gene. MRSA possessing

both the mecA and blaZ genes were isolated from subjects who

reported vaginal discharge and itching.
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Introduction
Staphylococcus aureus is a commensal and an opportunistic

pathogen which often exists as part of the normal flora on
human skin and mucosal surfaces. S. aureus resistant to meth-

icillin has been reported worldwide; it confers to the organism
resistance to all penicillinase-resistant penicillins and cephalo-

sporins [1,2]. The presence of methicillin-resistant S. aureus
(MRSA) in pregnant women contributes to the development of
life-threatening infections of skin and soft tissues, as well as risks

of perinatal transmission to the newborn [3]. MRSA has been
reported to colonize the vagina in 14% to 22% of pregnant

women. Mothers who are colonized with S. aureus during their
third trimester of pregnancy or at the time of delivery are more

likely to have infants who also carry the organism [4].
MRSA infections can be divided into hospital-associated (HA)

infections and community-associated (CA) infections. They
differ not only in respect to their clinical features and molecular
biology but also to their antibiotic susceptibility and treatment.

Methicillin resistance has occurred in S. aureus by mutation of a
penicillin-binding protein, a chromosome-encoded protein [5].

HA-MRSA strains carry a relatively large staphylococcal chro-
mosomal cassette mec (SCCmec) belonging to type I, II or III.

These cassettes all contain the signature mecA gene responsible
for resistance to many classes of non–β-lactam antibiotics. In

contrast, CA-MRSA isolates carry smaller staphylococcal
SCCmec elements and have type IV or type V SCCmec. These

smaller elements also carry the mecA gene; they are resistant to
few non–β-lactam classes of antimicrobials and frequently carry
Panton-Valentine leukocidin genes [6].

Penicillin resistance in S. aureus manifests predominantly via
the production of β-lactamase encoded by the blaZ gene.

However, the blaZ gene is plasmid mediated, unlike the
chromosome-mediated mecA gene [7]. This study aimed to

evaluate the prevalence of MRSA in pregnant women and to
study the contribution of the mecA and blaZ genes to vaginitis.
Materials and methods
Study area and population
High vaginal swabs (HVS) were collected aseptically with the aid
of sterile plastic speculums from 350 pregnant women

attending the antenatal clinic of Ekiti State University Teaching
Hospital, Ado-Ekiti, Nigeria, between April 2017 and March

2018. All samples were transported from the hospital, in leak-
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proof, watertight containers held under cold conditions, to the

Microbiology Laboratory of Afe Babalola University, Ado-Ekiti.

Bacteriologic investigations
The vaginal swabs were streaked on freshly prepared sterile

Mannitol salt agar (Oxoid, Basingstoke, UK) and incubated
aerobically at 37°C for 24 hours. The bacterial isolates from the

Mannitol salt agar were subcultured on freshly prepared
nutrient agar plates to obtain a pure culture. The bacterial

cultures obtained were Gram stained and microscopically
observed for Gram-positive cocci in clusters.

The bacterial isolates were characterized using standard
biochemical tests as described by Barrow and Feltham [8]. The

following biochemical tests were carried out on the isolates:
growth at 10% and 15% sodium chloride; growth at 37°C and
45°C; coagulase, haemolysis, methyl red, Voges-Proskauer,

starch hydrolysis, casein hydrolysis, citrate utilization, nitrate
reduction, H2S production; production of deoxyribonucleases,

alkaline phosphatase, catalase, oxidase, urease; fermentation of
sugars which include glucose (with or without gas production),

galactose, lactose, sucrose, maltose, mannitol, arabinose,
cellobiose, melezitose, raffinose, xylitol and xylose; and novo-

biocin susceptibility. The bacterial isolates were identified on
the basis of their cultural, morphologic and biochemical char-
acteristics using the online resource Gideon Informatics [9],

with reference to Schleifer and Bell [10].

Antibiotic susceptibility
The staphylococcal isolates were tested for antibiotic suscep-
tibility using the Kirby-Bauer disc-diffusion method on Müller-

Hinton agar as described by the Clinical and Laboratory Stan-
dards Institute (CLSI) [11]. The test was carried out by

spreading inoculums of 0.5 McFarland suspension of the or-
ganism on freshly prepared Müller-Hinton agar, followed by
placing standard antibiotic discs (Oxoid) on the plates. The

plates were incubated aerobically at 37°C for 24 hours, after
which the zones of inhibition were measured and interpreted as

described by CLSI [11]. The antibiotics used were cloxacillin (5
μg), amoxicillin/clavulanic acid (30 μg), ampicillin/cloxacillin (10

μg), cefoxitin (10 μg), cefuroxime (30 μg), ceftriaxone (30 μg),
ofloxacin (5 μg), pefloxacin (10 μg), ciprofloxacin (30 μg),

gentamycin (10 μg), streptomycin (30 μg), trimethoprim/sulfa-
methoxazole (30 μg), erythromycin (15 μg), clindamycin (10
μg), imipenem (10 μg) and meropenem (10 μg). Resistance to

cefoxitin was considered as methicillin resistance [11].

PCR amplification of isolated DNA
The DNA of overnight broth cultures of the staphylococci iso-
lates, incubated at 37°C for 18 to 24 hours, was extracted using a

Quick-DNA universal kit (Zymo Research, Irvine, CA, USA).
© 2020 The Authors. Published by Elsevier Ltd, NMNI, 38, 100772
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PCR for detection ofmecA geneswas carried out using the primer

pair mecA 1 and mecA 2: 50-AAA ATC GAT GGT AAA GGT
TGG C-30, 50-AGT TCT GCA GTA CCG GAT TTG C3-0 [12];
with forward: 50-GCTTTAAAAGAACTTATTGAGGCTTCA-
30 and reverse: 50-CCACCGATYTCKTTTATAATTT-30 used
for the blaZ gene [7]. Amplification cycles formecAwere carried
out using a thermal cycler, considering an initial denaturation of
94°C for 5 minutes, followed by 40 cycles of denaturing at 94°C

for 30 seconds, annealing at 55°C for 30 seconds and extension at
72°C for 1 minute with a final extension of 72°C for 5 minutes.

The blaZ amplification was carried out using the thermal cycler,
considering an initial denaturation of 94°C for 5minutes followed

by 35 cycles of denaturing at 94°C for 30 seconds, annealing at
55°C for 30 seconds and extension at 72°C for 30 seconds, with a

final extension of 72°C for 5minutes followed by a holding step at
4°C. The amplification products were evaluated by 2% agarose
gel electrophoresis followed by ethidium bromide (0.5 mg/mL)

staining, visualized on a UV transilluminator and documented
using molecular weight markers of 100 bp.

Statistical analysis
Model selection log linear analysis was used to determine the

association of sociodemographic variables with the frequency of
Staphylococcus isolation using categorical data. All statistical
analyses were carried out by SPSS 20.0 for Windows software

(IBM, Armonk, NY, USA). A value of p � 0.05 was considered
statistically significant.
Results
The study was carried out between April 2017 and March 2018,

among 350 apparently healthy pregnant women aged 19 to 43
with mean ± SD of 31.24 ± 4.42 years attending the antenatal

clinic of Ekiti State University Teaching Hospital, Ado-Ekiti.
Staphylococcus species were isolated from HVS of 135

(38.6%) of the women. These 135 staphylococcal isolates were
made up of S. aureus (56.1%), S. saprophyticus (22.7%), S. hae-
molyticus (4.5%), S. petrasii (4.5%), S. scheiferi (2.3%),

S. epidermidis (6.1%), S. carnosus (1.5%), S. hominis (3.0%),
S. warneri (1.5%) and S. hyicus (2.3%). Staphylococcus aureus

prevalence in HVS among the entire population of pregnant
women studied was 21.2%.

Staphylococcus isolation increased significantly with advance-
ment in age (p = 0.014), with older women (>40 years) yielding

100% Staphylococcus isolation. Isolation of Staphylococcus was
not found to be significantly associated with education. Staph-
ylococcus isolation increases significantly with parity, vaginal

itching and discharge (p = 0.002). Staphylococcus isolation was
not found to be significantly associated with gestation, although
nses/by-nc-nd/4.0/).
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women in their second trimester of pregnancy (40.8%) had

higher frequency of Staphylococcus isolation compared to
women in their third trimester (37.2%) and first trimester

(38.4%). Women with history of urinary tract infection,
frequent receipt of antibiotics, intra-uterine devices (IUDs) for

abortion recorded higher frequencies of Staphylococcus isolation
than women without such conditions (Table 1).

The staphylococcal isolates were resistant to multiple drugs,

giving a cluster of resistance to four to 13 antibiotics. The or-
ganisms showed high resistance to all the penicillins used in the

study, with only amoxicillin/clavulanate having 10.77% suscep-
tibility. Only ceftriaxone gave high susceptibility (70.37%)

among the cephalosporins (cephems) tested. Moderate sus-
ceptibility values were obtained for clindamycin (a lincosamide)

and erythromycin (a macrolide). Out of all the aminoglycosides
tested, streptomycin had high susceptibility (89.81%), while high
resistance was found against gentamycin. High susceptibility

values were obtained for the carbapenems and the fluo-
roquinolones tested (Table 2).

Staphylococcal isolates were classified as methicillin resistant
or sensitive on the basis of resistance to cefoxitin as follows:

MRSA, 50 (37.0%); methicillin-sensitive Staphylococcus aureus, 20
(17.0%); methicillin-resistant coagulase-negative Staphylococcus

(MRCoNS), 41 (30.4%); and methicillin-sensitive coagulase-
TABLE 1. Demographic data and distribution of frequency of Staphy

Characteristic Variable No. of sampl

Age �30 years 148
31–40 years 194
�40 years 8

Education No education 2
Primary 2
Secondary 16
Postsecondary 330

Parity 0 124
1 109
2 90
3 23
4 4

Gestation First trimester 43
Second trimester 49
Third trimester 258

Itching No 276
Yes 74

Discharge No 204
Yes 146

Smoking No 350
Yes 0

HIV status Negative 342
Positive 8

Antibiotic therapy received No 245
Yes 105

UTI No 317
Yes 33

UTI treatment No 315
Yes 35

Previous IUDs exposure No 280
Yes 70

Abortion No 264
Yes 86

Data are presented as n (%). UTI, urinary tract infection. IUDs, intra-uterine devices.
*Statistically significant.

This is an open access artic
negative Staphylococcus (MSCoNS), 21 (15.6%). The MRSA prev-

alence among the entire cohort of women studied was 14.3%.
The PCR amplification of DNA extracts of 20 Staphylococcus

species isolates, made up of 11 MRSA, two methicillin-
susceptible S. aureus (MSSA), five MRCoNS and two

MSCoNS, tested for the presence of mecA and blaZ genes,
showed that six MRSA isolates possessed the mecA gene, while
none of the MSSA, MRCoNS or MSCoNS isolates possessed

the mecA gene, a 30% prevalence. The blaZ gene was detected
in 13 (65%) of the staphylococcal isolates, made up of eight

MRSA, two MSSA and three MRCoNS; neither of the two
MSCoNS isolates contained the blaZ gene (Fig. 1). The six

MRSA carrying both mecA and blaZ genes were isolated from
women experiencing vaginal discharge and itching.
Discussion
Ten different Staphylococcus species were identified from the
HVS of the pregnant women in the present study, namely

S. aureus, S. saprophyticus, S. haemolyticus, S. petrasii, S. scheiferi, S.
epidermidis, S. carnosus, S. hominis, S. warneri, S. hyicus. Staphylo-
coccus aureus was found to be the most prevalent, followed by

S. saprophyticus and S. epidermidis. Stanley et al. [13] had
lococcus isolation from high vaginal swabs of pregnant women

es

Staphylococcus isolation

pNo Yes

99 (66.9) 49 (33.1) 0.014*
115 (59.3) 78 (40.2)
0 (0) 8 (100)
0 2 (100) 0.395
2 (100) 0
12 (75) 4 (25)
200 (60.6) 130 (39.4)
78 (62.9) 46 (37.1) 0.002*
84 (77.1) 25 (22.9)
43 (47.8) 47 (52.2)
6 (26.1) 17 (73.9)
2 (50) 2 (50)
29 (67.4) 16 (37.2) 0.954
29 (59.2) 20 (40.8)
159 (61.6) 99 (38.4)
175 (63.4) 101 (36.6) 0.039*
39 (52.7) 35 (47.3)
134 (65.7) 70 (34.3) 0.050*
80 (54.8) 66 (45.2)
214 (61.1) 136 (38.9)
0 0
210 (61.4) 132 (38.6) 0.697
4 (50) 4 (50)
152 (62.0) 93 (38.0) 0.747
62 (59.0) 43 (41.0)
196 (61.8) 121 (38.2) 0.673
19 (57.6) 14 (42.4)
194 (61.6) 121 (38.4) 0.928
21 (60.0) 14 (40.0)
175 (62.5) 105 (37.5) 0.802
39 (55.7) 31 (44.3)
167 (63.3) 97 (36.7) 0.328
47 (54.7) 39 (45.3)

© 2020 The Authors. Published by Elsevier Ltd, NMNI, 38, 100772
le under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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TABLE 2. Susceptibility pattern of Staphylococcus isolates to

antimicrobial agents

Antibiotic group Antibiotic Susceptibility (%)

Penicillin Amoxicillin/clavulanic acid 10.77
Amoxicillin/cloxacillin 0
Cloxacillin 0

Cephalosporin Ceftin 5.56
Cefoxitin 32.31
Ceftriaxone 70.37

Carbapenem Imipenem 91.54
Meropenem 66.15

Aminoglycoside Gentamycin 39.23
Streptomycin 89.81

Fluoroquinolone Ciprofloxacin 81.54
Ofloxacin 81.54
Pefloxacin 76.85

Folate pathway inhibitor Trimethoprim/sulfamethoxazole 42.59
Lincosamide Clindamycin 66.15
Macrolide Erythromycin 59.23
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previously identified S. aureus as the most common among
vaginal staphylococcal isolates in Port-Harcourt, Nigeria.

The staphylococcal isolated from HVS in this study showed
resistance to multiple drugs, with high resistance rates for

β-lactam drugs and moderate resistance to erythromycin and
clindamycin. In a similar study in Hungary by Gajdács and Urbán

[14], the resistance rates of Staphylococcus aureus isolated from
vaginal samples were below 20% in all the antibiotics tested.

They observed highest resistance against erythromycin (11%)
and clindamycin (10.85%).

The prevalence of MRSA in this study was 14.3% in pregnant

women in Ado-Ekiti (South-West Nigeria), which is at variance
with a previous study on MRSA in Ado-Ekiti in South-West
FIG. 1. PCR amplification of mecA (A) and blaZ (B) genes.

© 2020 The Authors. Published by Elsevier Ltd, NMNI, 38, 100772
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Nigeria [15], where a MRSA prevalence rate of 19.2% was re-

ported. Also, our study is at variance with earlier reports from
other parts of Nigeria. A prevalence of 12.5% was reported in

Maiduguri (Northern Nigeria) [16], 15.1% in Owerri (South-
East Nigeria) [17] and 25% in Ekpoma (South-South Nigeria)

[18]. However, Gajdács and Urbán [14], in a 10-year retro-
spective study carried out in Hungary, reported very low
prevalence of MRSA, as 97.79% of the Staphylococcus aureus

isolated from vaginal samples were susceptible to cefoxitin.
The MRSA isolates showed high resistance to all β-lactam

antibiotics, which may be due to the presence of the chro-
mosomal mecA gene, which specifies the production of an

abnormal penicillin binding protein, which in turn has low af-
finity for binding β-lactams [5]. We found that 65% of staphy-

lococci possessed the blaZ gene, which may also account for
the high resistance to all β-lactam antibiotics. On the basis of
the findings in this study, imipenem, streptomycin, ciprofloxa-

cin, ofloxacin and pefloxacin are the drugs of choice for
S. aureus infections in pregnant women.

Resistance of Staphylococcus species isolated from clinical
samples to multiple antibiotics has been previously reported in

our study area (Ado-Ekiti) [15,19,20]. Multidrug resistance is
spreading rapidly among the microbial population and may be

traced to the indiscriminate use of antibiotics along with poor
hygiene and inadequate infection control, all of which are

prevalent in Nigeria and other developing countries [5,21].
The occurrence of MRSA found in association with vaginitis

among apparently healthy pregnant women, coupled with its
nses/by-nc-nd/4.0/).
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resistance to many frequently prescribed antibiotics, requires

increased vigilance in bacteriologic investigations of vaginal in-
fections. There is a need for fast, efficient diagnostic techniques

for MRSA for the effective management of its associated in-
fections. A potential novel diagnostic method has been re-

ported by Ábrók et al. [22], who described a combination of
MALDI-TOF MS and PBP2’ latex agglutination assay for rapid
MRSA detection. This method was found to have positive and

negative predictive values of 100% and 99% respectively and can
report MRSA colonization 18 to 24 hours after sample

collection.
Conflict of interest
None declared.
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