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search for these genes routinely for the proper taking care of patients.

[Abstract- Methicillin resistance of staphylococcal strains remains a public health concern. The present study aims to detect the carriage of the mecA gene bD
staphylococcal strains and the associated virulence factors. Seventy-eight staphylococcal strains collected from three hospitals in southern Benin were identified in
Maldi T of MS. Antibiotic sensitivity was determined by antibiotic disk diffusion on Mueller Hinton-2 medium. The search for the mecA gene, the production of Panton-
Valentine PVL, Leucocidin, Toxic shock syndrome toxin TSST and detection of Staphylococcal chromosomal cassette were performed by Real Time - Polymerase
Chain Reaction. The results obtained show that Staphylococcus saprophyticus was the most isolated species in the urine (38.4%) followed by Staphylococcus aureus
(21.8%), Staphylococcus sciuri (21.8%), Staphylococcus conhii (6, 4%), Staphylococcus heamolyticus (1.3%), Staphylococcus hominis (1.3%) and Staphylococcus
xylosus (1.3%). In the cervico-vaginal secretion specimens, Staphylococcus aureus was the most isolated with a proportion of 5.1%. From the study of antibiotic
sensitivity, there is a strong resistance of strains to beta-lactams but no resistance to glycopeptides. 24.4% of the staphylococcal strains harbored the mecA gene.
Between them, 52.4% of the Staphylococcus aureus strains were carriers of the mecA gene and 41.2% of the Staphylococcus sciuri strains also carried them. 33.3% of
strains of Staphylococcus aureus produced PVL and 14.3% of the TSST. Two types of cassettes were identified in Staphylococcus aureus ccrB IV (n = 3) and cerC (n =
4). Only one type of cassette was found in the strains of Staphylococcus sciuri bearing the mecA gene, this is ccrB Il (n = 1). It is therefore important to initiate the
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Introduction

Staphylococci are a large family of ubiquitous pathogens that are very common in
community and nosocomial infections [1]. Staphylococcus aureus is the leader of
this family due to its involvement in severe suppurative, localized or systemic
pathologies in humans [2,3]. Nonetheless, other staphylococcal species can
cause a lot of damage to their hosts. This is the case, for example, with
Staphylococcus saprophyticus, which is the second bacterium responsible for
urinary tract infection after Escherichia coli. What makes staphylococci species
even more redoubtable is their ability to quickly acquire resistance to a wide range
of antibiotics [4,2]. Methicillin resistance in these staphylococcal strains has been
and still a major health concern worldwide [5]. A special feature has been put in
recent years on methicillin-resistant Staphylococcus aureus strains. Indeed, an
estimated 20% mortality associated with systemic infections due to methicillin-
resistant Staphylococcus aureus (MRSA) [6], because it is a pathogen difficult to
treat because of its selectivity to many antibiotics [3]. In addition, cases of
resistance to glycopeptides, treatment of choice against MRSA have already been
revealed [7]. Negative Coagulase Staphylococci are also concerned by this
resistance even though it is less cited [8-10]. The acquisition of the mecA gene
contained in the staphylococcal cassette chromosome (SCC) is responsible for the
production of PLP 2a causing loss of affinity to penicillin is at the cause of this
resistance [11,3].The majority of MRSA acquired by hospitals (HA-MRSA) carry

SCCmec types I, Il and Ill, whereas MRSA (CA-MRSA) acquired by the
community usually carries SCCmec types IV and V [12,13],

Anew PBP2a counterpart has recently been described as encoded by mec C who
shares 70% identity with mec A [14]. This new gene is also involved in resistance
to cefoxitin and oxacillin in strains of Staphylococcus aureus [15] especially in
animals, or there is growing fear of fransmission to humans [16]. Added to this is
the production of toxins such as Panton-Valentin leucocidin (PVL) and
Staphylococeal toxic shock toxin STST associated with the resistance of these
strains [17,18]. In Benin, the first epidemiological studies on resistance to
methicillin began in 2006 [19]. Since then, numerous studies have been carried
out both on clinical strains of infection and on animal strains [20-23]. But the vast
majority of these studies focused on Staphylococcus aureus. The present study
aims o take stock of the methicillin resistance of staphylococcal species in South
Benin and the production of toxin by these strains.

Material and Methods

Bacteriological identification

The present study focused on 508 urine and cervico-vaginal secretions collected
in three years in three hospitals in southem Benin: Menontin District Hospital,
Bethesda Hospital and the Departmental University Hospital Ouémé Plateau. A
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total of 286 samples were positive with 315 strains isolated. Of these strains, 78
strains of staphylococci have been identified (Gram-positive Cocci, Catalase +).
Once collected, these strains were then sent to the Laboratory of Research in
Applied Biology for control and conservation (BTS + Glycerol at -80 ° C). The
identification was carried out by Maldi Tof-type Mass Spectrometry at UMRITE,
[HU-Marseille [24].

Antibiogram

A panel of 16 antibiotics were used to evaluate the sensitivity of staphylococcal
strains to the antibiotic, namely Penicillin (P10ug), Oxacillin (OX5ug), Cefoxitin
(FOX30ug), Vancomycin (VA30ug), Teicoplanin (TEC30pg), Clindamycin (DA15),
Erythromycin  (E15ug), Pristinamycin  (PT15ug), Gentamycin (CN  15pg),
Ciprofloxacin (CIP5ug), Linezoid (LNZ30ug), Fosfomycin (FF50ug), Doxycycline
(OD 30Ul), Fusidic Acid (10ug), Rifampicin (RA30ug)), trimethoprim-
sulphamethoxazol (SXT25pg). A 0.5 Mc Farland bacterial suspension was seeded
by swabbing on Commercial Square Muller Hinton medium and the deposited
antibiotic discs. The agar plates were then incubated at 37 ° C for 24 hours [25].
Diameters of inhibition were then measured and compared to the diameter
proposed by the CASFM 2013 in order to determine the resistance profile with
regard to antibiotics [25].

Table-l Sequences of the primers and probes used

mecA Primers F | GTTAGATTGGGATCATAGCGTCATT (Bittar et al.,
Primers R | TGCCTAATCTCATATGTGTTCCTGTAT | 2009)
Probe TTCCAGGAATGCAGAAAGACCAAAGC
AT
PVL Primers F | AAAATGCCAGTGTTATCCAGAGGTA (Francois et
Primers R | TTTGCAGCGTTTTGTTTTCG al., 2004)
Probe CTTCAATCCAGAATTTATTGGTGT
TSST-1 Primers F | TCATCAGCTAACTCAAATACATGGATT | (Schlebusch
Primers R | TGTGGATCCGTCATTCATTGTT etal, 2009)
Probe TCCAATAACCACCCGTTTTATCGCTTG
AA
ccrB-l Primers F | TTTGGCACGTAATACTTCCGATT (Francais et
Primers R | AAAATTCAACATTTTGGCGATGA al., 2004; lto
Probe ACTTACAATAGTCGAAGAAC etal., 2003)
cerB-ll Primers F | AACGAGACGTGCCCAAGAAG (Francais et
PrimersR | CATCAGTTCATGTTTACTATTAGGTAT | al., 2004; Ito
TTTGTC etal., 2003)
Probe ATTTGCCGCTGGGCT
cerB-lll Primers F | ACAATCCACAGTCATTACAT (Francais et
PrimersR | AGTTACGACTTTCTGTTTCA al.,, 2004; lto
Probe CATCAGTTCATGTTTACTATTAGGTAT | etal,2003)
TTTGTC
ccrB-IV Primers F | GAACAGACCTGAGCTCCAACGT (Francois et
Primers R | TCGGTTTGTTTTGTAGATCATAACACA | al., 2004; Ito
Probe ATGCAAAAGAAGGCAATAT etal, 2003)
sccV Primers F | TCTGGGAGTTCTGCCTGTCA (Bittar et al.,
Primers R | TCACATTTGACGCAATCTGCT 2009)
Sonde TGCTGAAGTCGTCGAACGCGTAATCA

Research of mecA gene, production of PVL and TSST toxins and detection
of Staphylococcal chromosomal cassette

A pure colony of each identified strain was used for DNA extraction by the EZ-1
technique. The search for the mecA resistance gene, and the PVL, TSST
virulence genes were performed by real-time PCR. The primers and probes used
are presented in [Table-I]. The reaction medium consists of the following sample:
Quantitec 10yl, F 1yl primers, R 1yl primers, DNase-free water 2yl, 1pl probe and
5ul of DNA. RT PCR was performed with CFX9 (Bio Rad, France) [5]. The
positive control used is the Staphylococcus aureus strain 7204948 for the Mec A
gene and the PVL gene and the Staphylococcus aureus strain 5268501 for the
STST gene.

Results

Between the 78 staphylococcal strains collected, of which 70 came from the urine
and 8 from the cervico-vaginal secretion samples, Staphylococcus saprophyticus,
Staphylococcus aureus and Staphylococcus sciuri were the most isolated with
proportions of 39.8%; 26.9%; 21.8% as shown in [Table-ll]. Staphylococcus
saprophyticus was the most isolated in urine while Staphylococcus aureus was the
most isolated in cervico-vaginal secretion specimens.

[Table-IIl] shows the susceptibility of the strains to the antibiotics tested. Large
proportions of resistance have generally been observed with beta-lactams
including Penicillin at 10 pg, Oxacillin at 5 ug and Cefoxitin at 30 ug. However, we
did not observe any resistance to the tested glycopeptides Vancomycin at 30 ug
and Teicoplanin at 30 yg. From RT-PCR results, the mecA gene was found in 19
staphylococcal strains. Strains of Staphylococcus aureus are the most carriers of
the gene with 11 cases out of 19. As for toxins, 7 cases of PVL production and 3
cases of STST production have been identified in Staphylococcus aureus. No
production of both toxins was observed in other Staphylococcus species [Table-
IV]. Three cases of PVL production and 3 cases of STST production were
observed in Staphylococcus aureus strains carrying the mecA gene as shown in
[Table-V]. The study of the beta-lactam resistance phenotype shows that 7 strains
of Staphylococcus aureus out of the 8 carrying the mecA gene all have the P-OX-
FOX phenotype. Only one case of this phenotype was found in strains of
Staphylococcus sciuri carrying the mecA gene [Table-VI].

Table-ll distribution of strains according to the origin of the sample
\ Urines Vaginal swab Total

Staphylococcus saprophyticcus 30(38,4%) 1(1,3%) 31(39,8%)
Staphylococcus aureus 17(21,8%) 4(5,1%) 21(26,9%)
Staphylococcus sciuri 17(21,8%) 0(0%) 17(21,8%)
Staphylococcus conhii 5 (6,4%) 0(0%) 5(6,4%)
Staphylococcus heamolyticus 1(1,3%) 1(1,3%) 2(2,6%)
Staphylococcus xylosus 1(1,3%) 0(0%) 1(1,3%)
Staphylococcus hominis 1(1,3%) 0(0%) 1(1,3%)
Total 72(92,3%) 6(7,7%) 78 (100%)

Table-lll Resistance profile of staphylococci strains to antibiotics
P OX FOX VA TEC DA E | PT  GEN CP | LNZ FF DO FA | SXT RA

. saprophyticcus O3t | 2431 | 931 | 031 | o0 | O30 | 430 | O30 | 530 | 030 | 030 | 031 | 031 | 1431 4131 0/31
%) | %) | ew) | %) | 0% | %) | (3% | %) | e | %) | %) | ©%) | ©%) | @s%) | (13%) | %)

S, aureus 71 | 181 | 15t | ot | o1 | o1 | 420 | 021 | &2t | 720 | 021 | 021 | ok 921 6121 0721
B1%) | 66%) | 71%) | 0%) | 0% | 0% | (19%) | ©0%) | 0% | 33%) | 0% | %) | ©%) | 43%) | (0% | (%)

S. sciuri 8§17 | M7 | M7 | OAT | OAT | 6M7 | 647 | OAT | AT | OAT | OA7 | 07 | o7 | 1717 o | o
@re) | 00%) | @) | %) | %) | 35%) | 5% | %) | 6% | 0% | 0% | ©%6) | ©%) | (0% | 0% | ©%)

S. conhii 205 25 5 | 05 | 05 | 05 25 05 | 15 | 15 | o5 | o5 | 05 25 15 05
ow) | (0% | 0%) | %) | 0% | 0% | 0% | %) | 0% | @o%) | %) | ©%) | ©%) | “0%) | 0% | (©%)

S. hemolyficus 10 0 o | o2 | o2 | o2 02 2 | M | 1 | o2 | o2 | 1 072 10 072
(50%) | (0%) | 50%) | 0%) | 0% | 0% | %) | 0% | (50%) | (50%) | ©0%) | %) | (0% | (%) | (50%) | (0%)

S, xylosus o 11 o | ot | o 0t 11 o | ot | ot | ot | o1 | o 1 0t 0
%) | (00%) | ©%) | ©%6) | ©%) | ©%) | (oo%) | ©%) | ©%) | ©% | ©%) | 0% | ©%6 | (100%) | ©%) | (0%

S. hominis 11 1 "o o | o 0t 0t o | ot | ot | ot | o1 | on 0 0/t 0
(100%) | (100%) | (100%) | ©%) | ©%) | ©%) | ©%) | ©%) | ©%) | ©%) | ©% | 0% | 0% | (% %) | (0%

Total 3878 | 6378 | 28778 | O°78 | 078 | 678 | 1778 | O78 | 1478 | o8 | o8 | 978 | o8 | 4378 | 1278 | o078
(on) | 1% | @e%) | %) | 0% | ®%) | @) | %) | (8% | 12) | %) | 12% | %) | (55%) | (15%) | (%)

International Journal of Microbiology Research

||BioinfoPublications||

ISSN:0975-5276 &E-ISSN: 0975-9174, Volume 9, Issue 12,2017 o7



Koudokpon Homel, Dougnon Tamégnon Victorien, Kissira Setondji Islamiath, Aniambossou Alidah, Fanou V. Brice Armand, Loko Frédéric, Bankole Honoré Sourou, Diene M.

Seydina and Rolain Jean-Marc

Table-IV Portage of the mecA gene and PVL and STST toxins in staphylococcal

strains.
mecA | PVL  TSST |

S. saprophyticcus | urines 0/30 0730 | 0130
Vaginal swab 011 011 0N

S. aureus urines 10M7 | 617 | 37
Vaginal swab 1/4 114 0/4

S. sciuri urines 6/17 17 | ony
Vaginal swab 0 0 0

S. conhii urines 05 0/5 05
Vaginal swab 0 0 0

S. hemolyticus | urines n 0N 0N
Vaginal swab 0/ 0/ 0N

S. xylosus urines 011 11 0N
Vaginal swab 0 0 0

S. hominis urines N 1M1 0N
Vaginal swab 0 0 0

Total urines 1572 | 672 | 372
Vaginal swab 116 116 0/6

Total 1978 | 778 | 378

(24,4%) | (9%) | (25%)

N° mecA PVL STST Antibiotic Profile
P10 | OXA5 | FOX30
1 - + S R R
2 + - R R R
3 - + R R R
4 + + R R R
5 + + - R R R
6 + - - R R R
7 + + R R R
8 - + - R R S
9 + - S R S
10 + + R R R
11 + - + R R R
12 + + - R R R
13 - + R R S
14 + R R S
15 + R S S
Table-VI Beta-lactam resistance profile of strains carrying the mecA gene
S. aureus mecA + P-OXA-FOX 8
P-OXA 1
OXA 1
P 1
mecA - P-OXA-FOX 3
OXA-FOX 2
P-FOX 2
P-OXA 3
S. sciuri mecA + P-OXA-FOX 1
P-OXA 4
OXA 1
mecA - P-OXA 2
OXA 7
P 2
S. hemoliticus mecA + P-OXA-FOX 1
S. hominis mecA + P-OXA-FOX 1

We therefore wanted to know the cassettes which the mecA-isolated gene
belongs in Benin. Therefore, we carried out an Real Time-PCR of the genes ccrB |
to IV and the gene ccrV or ccrC. The primers and probes used are presented in
[Table-I]. Two types of cassette were identified in Staphylococcus aureus ccrB IV
(n=3) and ccrC (n = 4). Only one type of cassette was found in the strains of
Staphylococcus sciuri bearing the mecA gene, this is ccrB Il (n = 1).

All'strains producing PVL and bearing the mecA gene also bear the ccrB IV gene
and all strains producing TSST- 1 bear the SCC V [Table-VII].

Discussion
Methicillin resistance in staphylococci remains a hot topic in developing countries.

The present study took into account 78 strains of staphylococci isolated from urine
samples and cervico-vaginal secretion. Staphylococcus saprophyticus was the
most isolated germ of urine (38.4%). This result confirms many other studies that
have shown that this germ was the second leading cause of urinary tract infection
after Escherichia coli [26-28]. In Benin, the studies carried out are mostly limited
to the search for Staphylococcus aureus [29,30] in cases of infection because of
its redoubtable character and simplicity of presumption while the identification of
Staphylococcus saprophyticus among routine Negative Staphylococci Coagulase
is more difficult. These studies are therefore limited to the identification of
Negative Coagulase Staphylococci [31]. These findings once again show the
importance of new technique such as Maldi Tof, MS in routine diagnosis [24]. It
was noted a predominance of Staphylococcus aureus. The presence of
Staphylococcus aureus in cervico-vaginal secretion specimens could reflect very
serious conditions such as toxin production of toxic shock syndrome involved in
infertility cases [32], sepsis and vaginal injury during menstruation [33].

Table-VII Distribution of Staphylococcal chromosomal cassette

Origine cer Resistance to Beta Others
types lactamine genes
P10 OXA5  Fox30
1 S. aureus Urine C(v) R R R -
2 S. aureus Urine B(IV) R R R PVL
3 S. aureus Urine B(IV) R R R PVL
4 S. aureus Urine C(V) R R R -
5 S. aureus Urine C(v) R R R TSST
6 S. aureus Urine NT R R R -
7 S. aureus Urine C(V) R R R TSST
8 S. aureus Urine C(v) R R R TSST
9 S. aureus Urine B(IV) R R R PVL
10 S. aureus Urine NT R R R -
11 S. aureus Urine NT R R R
12 S. Sciuri Urine B(l) R R R
13 S. Sciuri Urine NT R R R
14 S. Sciuri Urine NT R R R
15 S. Sciuri Urine NT R R R
16 S. Sciuri Urine NT S S S
17 S. Sciuri Urines NT R R R
18 S. hominis Urines NT S S S
19 S. Urines NT R R R
heamolyticus

The susceptibility to antibiotics of its strains showed a strong resistance of strains
to beta-lactams. However, we have not observed cases of resistance to
glycopeptides which is the remedy in case of resistance to methicillin. This study is
therefore in addition to recent studies that have shown the absence of
glycopeptide resistance in clinical strains of staphylococci in Benin [21,30,22)].
There have been cases of resistance to glycopeptides associated with nosocomial
infections [34], and in cattle carcasses [23]. It is therefore important to carry out a
surveillance policy in order to avoid the transmission of this resistance to
community strains.

24.4% of the staphylococci strains overall had the mecA gene. 11 of the 21
staphylococcus aureus strains were carriers of the mecA gene, with a prevalence
of 52.4% of SAMR. This prevalence is above that found by Affolabi ef al., 2014
who had a prevalence of 24.3%. 35.2% of strains of Staphylococcus sciuri carried
the mecA gene. Many authors have shown that this resistance of Staphylococcus
sciuri originated from the acquisition by the latter of a homologous gene of the
mecA gene including mecA-like [35,36]. Toxin production by Staphylococcus
aureus strains was 33.33% for PVL and 14.3% for STST. Prevalence of 60.70%
[37], 70% [21]. Sina et al., 2013, 14,8% [22]. Affolabi ef al., 2014b, have been
noted for PV production by Staphylococcus aureus strains in Benin. As for the
production of TSST by Staphylococcus aureus strains in Benin, studies [38],
showed a prevalence of about 30% in urogenital and pus samples [21], noted a
low proportion of TSST production in boils (1%). 14.28% of the strains of
Staphylococcus aureus produced PVL were associated with the carriage of the
gene mec A and 9.5 of TSST. No strain associated the two toxins with both the
mecA gene. According to some authors, the combination of its virulence factors
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constitutes a major complication in the treatment of these infections [32], [39].

The ccrV were the most identified in the present study in Staphylococcus aureus
strains followed by ccr IV [Table-ll]. These results are in agreement with [40,3]
instead found a predominance of type | associated with resistance to mupirocin. A
type Il presence of ccrB was noted in Staphylococcus Sciuri mecA. Of the many
cases of untyped strain was also reported by [41], for Staphylococcus hominis
strains of Staphylococcus heamolyticus and by [42], for Staphylococcus sciuri
strains. All strains producing PVL and bearing the mecA gene also bear the ccrB
IV gene. This confirms the studies of [43,13] which found a strong relationship
between the production of PVL and ccrB [44] did not observe any relationship
between the portage of ccrB | and the production of PVL and TSST.

The distribution of resistance phenotypes between SAMR and SASM shows us
that the only consideration of cefoxitin disks for assuring resistance to methicillin
remains erroneous. It is therefore necessary to combine several beta-lactams for a
better interpretation of the resistance phenotype. In Staphylococcus sciuri strains,
we observed only one case of resistance to cefoxitin in strains carrying the mecA
gene or not. All this shows the importance of mecA gene research by molecular
techniques which remain the best track for identifying methicillin resistance in
Staphylococgi strains.

Conclusion

The present study has shown that resistance to methicillin in staphylococci strains
remains valid in Benin. Although the present study did not record cases of
glycopeptide resistance, a permanent watch strategy is required to ensure that
cases detected in cattle carcasses and hospital strains do not spread in the
population. Toxin production by staphylococcus aureus strains remains a
complication of staphylococcal infections. The production of PVL and TSST by
strains isolated in this study should be a concern for proper management of its
infections.

Application of research

This study could lead to the implementation of a permanent surveillance strategy
to ensure that cases of methicillin-resistant staphylococci detected in cattle
carcasses and hospital strains do not spread in the population. The production of
toxins by Staphylococcus aureus strains remains a complication of staphylococcal
infections. The production of PVL and TSST by strains isolated in this study
should be a concern for the correct management of its infections.

Topic of research

Methicillin-resistance of Staphylococcus species clinical strain in South Benin:
Resistance gene, virulence factor associated and Staphylococcal chromosomal
cassette distribution.
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