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Abstract: In this cross-sectional study, the isolation and identification of Methicillin Resistant Staphylococcus aureus
(MRSA) and Methicillin Resistant S. epidermidis (MRSE) was described from skin infections (n=100). Initial isolation
was done by conventional procedures followed by amplification/ sequence analysis of 16S rRNA. Methicillin resistance
was determined using cefoxitin discs and resistant isolates were screened for mec-A gene followed by Minimum
Inhibitory Concentrations (MIC) determination of vancomycin. In second phase, we investigated extract of Azadirachta
indica leaves using Fourier Transformed Infrared Spectroscopy (FTIR-Spectroscopy) and investigated in vitro activity.
Initially, total of 28 Staphylococci were identified. 16S rRNA gene sequence confirmed S. aureus (22), S. epidermidis (3)
and S. saprophyticus (3) isolates. Cefoxitin discs showed (7/22) MRSA, (3/3) (MRSE) and none of the methicillin
resistant S. saprophyticus. MRSA and MRSE isolates showed presence of mec-A gene. However, all isolates were
sensitive to vancomycin MIC (0.5-2pg/mL) and sensitive to Linezolid. FTIR- Spectroscopy of 4. indica indicated the
presence of azadirachtin and nimbolinin. The mean zone of inhibition was measured 14.23+1.37 and 13.66+0.70 against
MRSA and MRSE isolates, respectively. Altogether, MRSA and MRSE is significant public health concern. However,

vancomycin and linezolid were found effective and extract of A. indica showed in vitro effects.
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INTRODUCTION

Staphylococcus ~ aureus  and  other  non-aureus
Staphylococcus are the causative agents of multiple
infections including pneumonia, septicemia, skin/soft
tissue infections and toxic shock syndrome (Cuny et al.,
2015). Staphylococci are the commensal as well as
opportunist pathogens and are the leading cause of
bacteremia and are described among almost 30% of the
human population (Tong et al., 2015). The staphylococci
infections are treated with different antibiotics i.e.
Aminoglycosides, chloramphenicol, clindamycin,
fluoroquinolones, macrolides and other f-Lactam
antibiotics (Anwar et al., 2018). The emergence of
resistant strains could not be neglected in hospital and
community-acquired infections throughout the world. For
example, Methicillin Resistant S. aureus (MRSA), non-
aureus Methicillin Resistant Staphylococcus (NA-MRS)
including METHICILLIN RESISTANT S. epidermidis
(MRSE) and Vancomycin Intermediate/ Resistant S.
aureus (VISA/ VRSA) are serious public health concerns
(Mohamed et al., 2016; Anwar et al., 2018). Methicillin
resistance is based on resistance to f-Lactam antibiotics
including methicillin, cefoxitin and cephalosporins,
whereas the S. aureus isolates which are susceptible to
these antimicrobials are termed as methicillin susceptible
S. aureus (Gurusamy et al.,, 2013). The molecular
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mechanism involves the presence of mec-A gene which
encodes for a penicillin-binding protein (PBP-2a) that has
a lower affinity for f-Lactam antibiotics as described in
detail previously (Garcia- Alvarez et al., 2011). The use
of vancomycin or linezolid is an excellent substitute for
the treatment of infections caused by resistant
Staphylococcus (Wootton et al., 2001; Corey et al., 2014).
However, the Staphylococci strains also showed
resistance to vancomycin and resulted in the emergence of
VISA/ VRSA strains that is mediated by van-A or van-B
genes of the Staphylococci (Tiwari et al., 2009).
Resistance to vancomycin is also critical as van-A or van-
B genes are plasmid-encoded and are taken up from
Enterococcus spp. Therefore, molecular identification of
van-A or van-B has little significance in the detection of
VISA/VRSA strains. However, the determination of
Minimum Inhibitory Concentration (MIC) resulted in
accurate identification of VISA/VRSA strains (Anwar et
al., 2018). The treatment of the MRSA, NA-MRS,
MRSE, VISA or VRSA strains requires an accurate
diagnosis along with the selection of appropriate
antimicrobial agents based on molecular or phenotypic
resistance patterns as described (Corey et al., 2014;
Anwar et al., 2018). At present, a lot of research is
required to understand the molecular mechanism of
resistance, emergence, spread and alternative treatment
remedies for Staphylococci isolates.

Traditionally, herbs and medicinal plants are widely used
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throughout the world. Among these Azadirachta indica
(Neem) which is a native plant in Pakistan, India and
other Southeast Asian countries (Anwar et al., 2018) has
been used for hundreds of years. Further, different
commercial products (soaps and hand wash etc.) are
available which are supplemented with several contents
from A. indica plant. The extracts of the leaves were
found effective in different skin infections (Anwar et al.,
2018) and has potential effect against induced colitis in
rat model (Ruslie and Darmadi, 2020). This effect is
contributed to different active ingredients present in A.
indica extracts (Bolade et al., 2018). Therefore, the
following objectives were targeted (a) to find out the
prevalence of Staphylococci infections among patients
attending Nishtar Medical University & Hospital, Multan
and District Head Quarters Hospital, Faisalabad, (b)
molecular confirmation of the isolates, (c¢) molecular basis
of the resistance, (d) antimicrobial resistance profiles and
(e) in vitro activity of A. indica leaves extracts against
resistance isolates.

MATERIALS AND METHODS

Study area and processing of samples

This cross-sectional study was approved (Study No.
019259 and IRB No. 259 vide Ref. No. GCUF/ERC/1759,
Dated 10-10-2017). The sterile cotton swabs, soaked in
normal saline were collected from the skin infections
from the patients attending or admitted in the Nishtar
Medical University & Hospital, Multan (n=50) and
District Head Quarters Hospital, Faisalabad (n=50). All
the collected samples were shifted to the Lab under
controlled temperature conditions and streaked on blood,
nutrient and mannitol salt agar (Oxoid-UK) followed by
incubation at 37°C for 24-48 h. The bacterial growth was
initially identified microscopically followed by coagulase
and catalase tests as described (Cappuccino and Sherman
2014; Ilyas et al., 2016; Anwar et al., 2018).

Molecular identification of samples

Initially identified Staphylococcus isolates were subjected
to DNA extraction using the GeneJET Genomic DNA
Purification Kit (Thermo Scientific-UK). Briefly, a single
colony of S. aureus isolate was inoculated into the
nutrient broth and incubated overnight at 37°C followed
by centrifugation at 5000g for 10 min. The bacterial pellet
was re-suspended into the lysis buffer and bacterial lysis
was targeted by adding lysis solution and proteinase-K
enzyme. Finally, after the washing, the DNA was
collected from the spin columns using sterile Eppendorf
tubes. The quantity of DNA was measured using Colibri
Microvolume  Spectrophotometer  (Titertek-Berthold,
Germany). PCR was performed using template DNA and
Master mix (Thermo Scientific-UK) using Thermal cycler
(BIO RAD, T100™ Thermal Cycler, California) and
targeting 16S rRNA gene using forward primer (27F- 5'-
AGAGTTTGATCMTGGCTCAG-3") and reverse primer

(1492R- 5'-TACGGYTACCTTGTTACGACTT-3")
(Dupont et al., 2016). Following the electrophoresis
(1.5% agarose with 1X Tris-EDTA buffer) the amplified
products were dispatched to Macrogen, Korea for
sequencing. The sequences were analyzed and compared
with the existing GenBank database (http://blast.ncbi.
nlm.nih.gov/). The phylogenetic position of the isolates
was determined using Molecular Evolutionary Genetic
Analysis software (Mega-X) for phylogenetic analysis as
described by Kumar et al., 2018.

Phenotypic and molecular antibiotic susceptibility
profiling

The isolates which were confirmed on molecular levels
were subjected to phenotypic identification of methicillin
resistance using cefoxitin discs (Oxoid, UK) along with
antimicrobial susceptibility profiles (against linezolid,
tigecycline, ciprofloxacin, tobramycin and amoxicillin/
clavulanate) using Mueller Hinton agar (Oxoid-UK)
plates as described (Anwar et al., 2018). The isolates were
also subjected to determine the MIC of vancomycin using
E-strips (Oxide M.I.C.EVALUATOR™, UK) as
described (Anwar et al., 2018). Briefly, the E-strips were
applied with the lowest concentration onto the plate and
incubated at 37°C for 16-18h and the results were
observed as vancomycin sensitive/intermediate/resistant
S. aureus (VSSA/VISA/VRSA). The phenotypically
identified cefoxitin resistant isolates were also subjected
to the molecular identification of mec-A gene. For this
purpose, DNA was amplified according to the conditions
described above targeting mec-A gene using forward
primer (5- CCAGATTACAACTTCACCAGG-3") and
reverse primer (5-CCACTTCATATCTTGTAACG-3")
as described by Alharthi et al., 2016.

Preparation and processing of A. indica extract

In the last phase, fresh leaves of 4. indica were collected,
identified and washed with sterilized water followed by
dehydration of the leaves at room temperature. The dry
leaves (100 g) were ground gently using pestle and mortal
and soaked in 200 mL of chloroform for 48 h and kept at
room temperature followed by filtration using Whatman
filter paper (Sigma-Aldrich, UK) (Siddiqui et al., 2003;
Anwar et al., 2018; Bolade et al., 2018). The filtrate was
subjected to Fourier Transformed Infrared Spectroscopy
(FTIR-Spectroscopy) for the determination of the active
ingredients of the extract. Briefly, the extract was frozen
at -80° C followed by lyophilization and finally the
infrared absorption spectrum was recorded on FTIR
spectrophotometer (Alpha, Bruker, California, USA) in
the region of 4000 to 400 cm™'(Bolade et al., 2018). This
extract was used against MRSA and MRSE isolates using
agar well diffusion assay (each isolate was processed in
triplicates). The zone of inhibition (>12 mm) was
considered as positive efficacy of the extract against
MRSA and MRSE isolates (Dahiya et al., 2012; Anwar et
al., 2018).
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Table 1: Distribution and characteristics of bacterial isolates

Saba Naeem et al

. District Head Quarters | Nishtar Medical University &
$No. | Characteristics Hospital, Faisa?abad Hospital, Multan g
1 Total Number of samples 50 50
2 Initial growth on different media 47 48
3 Colony characteristics (blood agar) circular & convex circular & convex
4 Colony characteristics (nutrient agar) circular & convex circular & convex
5 Colony characteristics (mannitol salt agar) circular & convex circular & convex
6 Gram’s stain & morphology positive & cocci positive & cocci
7 Coagulase positive 10 11
8 Coagulase-negative 3 4
9 Catalase positive 10 12
10 Catalase negative 3 3
11 a-Hemolysis 4 3
12 B-Hemolysis 9 12
13 Staphylococcus 13 15
14 S. aureus (16S rRNA) 10 12
15 S. epidermidis (16S rRNA) 3 -
16 S. saprophyticus (16S rRNA) - 3
17 Methicillin-resistant S. aureus (MRSA) 4 3
18 Methicillin-resistant S. epidermidis (MRSE) 3 -
19 mec-A gene containing MRSA 4 3
20 mec-A gene containing MRSE 3
Table 2: Susceptibility profiles of methicillin-resistant S. aureus (MRSA) and methicillin-resistant S. epidermidis
(MRSE) clinical isolates
o . Neem extract
IS\Io Isolates Antimicrobials Zone of inhibition(mm)
) FOX VAN LZD | TGC | CIP | TOB | AMC | MeantSD*
1 MRSA-01/DHQ/FSD R 1pg/mL S R R R R
2 MRSA-02/DHQ/FSD R 0.5pg/ml S S S R S
3 MRSA-03/DHQ/FSD R 1pg/ml S R R S R
4 MRSA-04/DHQ/FSD R 0.5pg/ml S R R R R 14.23+1.37
5 MRSA-01/NMU/MTN R 1pg/ml S R S S S
6 MRSA-01/NMU/MTN R 1pg/ml S R S S R
7 MRSA-01/NMU/MTN R 2pug/ml S R R S R
8 MRSE-01/DHQ/FSD R 0.5pg/ml S S S S S
9 MRSE-01/DHQ/FSD R 0.5pg/ml S R S S S 13.66+0.70
10 MRSE-01/DHQ/FSD R 1pg/ml S S S S S

*mean zone of inhibition (>12 mm) was considered a positive effect. FOX=Cefoxitin (>22mm zone of inhibition=Sensitive),
VAN=Vancomycin Minimum inhibitory concentration using E-strips (S2MIC=Sensitive), LZD=Linezolid, TGC=Tigecycline, CIP=
Ciprofloxacin, TOB= Tobramycin, AMC= Amoxicillin/Clavulanate, S=Sensitive, R=Resistant

STATISTICAL ANALYSIS

The obtained data was tabulated in Microsoft Excel
spread sheet using Microsoft 365 software and Mean+SD
was calculated (Anwar et al., 2018).

RESULTS

Out of 100 swab samples, 95 were found positive for
bacterial growth. A total of 28 isolates were identified as
Staphylococci based on microscopic examination and
coagulase and catalase test. Molecular data of 16S rRNA

gene confirmed S. aureus (22), S. epidermidis (3) and S.
saprophyticus (3) isolates. Detailed characteristics of the
isolates are described in table 1. Molecular identification
of all Staphylococcus isolates indicated the presence of
16S rRNA gene and resulted in 100% base pair similarity
with available NCBI database. Further, all the
phenotypically identified MRSA and MRSE were positive
for mec-A gene as shown in fig. 1. One of the MRSA
sequences was submitted to GenBank vide GenBank
Accession No. MN453615.1 (https://www.ncbi.nlm.nih.
gov/nuccore/MN453615.1). All the S. aureus strains were
sensitive to vancomycin by using the E-Strips method and
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the measured MIC was ranged 0.5-2ug/mL for each
MRSA and MRSE (table 2). The phytochemical analysis
of A. indica aqueous extract as determined by FTIR-
Spectroscopy indicated the presence of bands at 3255cm™
assigned to O—H stretching, the peak at 2,971cm™ for -
CHj stretching, 1,547cm™ for C=C group stretching and
1300 cm™ for stretching of -CH; group. These bands are
indicative of the presence of azadirachtin and nimbolinin
(Bolade et al 2018), potent tetranortriterpenoid as shown
in fig. 2. The antimicrobial activity of the extract against
MRSA and MRSE isolates is shown in table 2. Briefly, all
MRSA and MRSE isolated were observed as sensitive
against A. indica extract and showed zone of inhibition
(>12 mm).

M12 3456 78910111213 141516171819

Fig. 1: Molecular identification of mec-A gene, M=100
bp marker, Lane 1=Negative Control, Lane 2-
6=methicillin-susceptible S. aureus (MSSA), Lane 7-
13=methicillin-resistant S. aureus, Lane 14=methicillin-
resistant S. epidermidis (MRSE)

DISCUSSION

Antibiotic resistance among S. aureus isolates has
emerged as public health concern throughout the world
(Monecke et al., 2011; Tong et al., 2015). The resistance
mechanism has expanded to several classes of antibiotics
including methicillin, hence termed as MRSA which is
mediated by chromosomal encoded gene mec-A (Alharthi
et al., 2016). A similar mechanism of resistance is also
observed in other species of Staphylococcus i.e. MRSE as
described recently (Nobrega et al., 2018). Further, the
resistance has also been reported against vancomycin
which is mediated by plasmid-encoded genes Van-A or
Van-B, hence termed as vancomycin-intermediate/
resistant S. aureus (VISA/VRSA) as described by
Mohamed et al., (2016). However, the incidence of
VRSA is not as high as MRSA (Anwar et al., 2018).

At present, significant work has been reported in Pakistan
in different regions regarding the resistance to different
antibiotics. However, in this study Staphylococcus
isolates were analyzed based on 16S rRNA gene followed
by the screening of methicillin-resistant isolates by
amplification of mec-A gene. Further, all MRSA and
MRSE isolates were screened for resistance to
vancomycin by determining the MIC against each isolate.
For this purpose, a total of 100 swab samples were
collected from Nishtar Medical University & Hospital,
Multan (n=50) and District Head Quarters Hospital,

Faisalabad (n=50). A total of 95 samples showed bacterial
growth on nutrient agar medium. Further, based on
cultural, microscopic and biochemical tests, 28 isolates
were identified as  Staphylococcus.  Molecular
identification and characterization also confirmed S.
aureus (22), S. epidermidis (3) and S. saprophyticus (3)
strains. Collectively, a high prevalence was observed, as
one of the previous studies also described the increased
emergence of S. aureus from Faisalabad (Anwar et al.,
2018). Another study described that 16S r RNA
nucleotide sequence analysis with the existing database of
S. aureus is a confirmatory characterization tool for
different bacterial isolates (Woo et al., 2001).
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Fig. 2: Full FTIR spectrum of Azadirachta indica aqueous
extract analyzed in the range of 4000 to 400 cm™ wave
number (X-axis) and the function of transmittance (Y-
axis)

In the current study, all the Staphylococcus isolates were
subjected to antimicrobial susceptibility profiles including
Cefoxitin, Linezolid, Tigecycline, Ciprofloxacin,
Tobramycin and Amoxicillin/Clavulanate along with MIC
determination against Vancomycin. We observed that
7/22 S. aureus and 3/3 S. epidermidis were resistant to
cefoxitin, hence, termed as methicillin resistant. However,
all the isolates were sensitive to vancomycin with MIC
ranged (0.5-2 pg/mL) and linezolid. All the MRSA and
MRSE strains were also screened for the presence of mec-
A gene to investigate the molecular basis of resistance.
All the seven MRSA and three MRSE isolates were found
positive for mec-A gene. Few of the previous studies
described that mec-A is responsible for resistance against
Methicillin (Anwar ef al., 2018; Nobrega et al., 2018);
while, Argudin et al., (2014) described that sensitive S.
aureus strains were negative for the presence of mec-A
gene. These findings were also found similar to one of the
previous studies (Garcia- Alvarez et al., 2011). Therefore,
the presence of mec-A gene on chromosomal DNA could
be responsible for the expression of Methicillin resistance.
Ullah et al. (2016) described that MRSA isolates were
resistant to penicillin, whereas sensitive to vancomycin.
Even in the last decade, a significant prevalence of MRSA
isolates was also reported (Dar et al., 2006; Tiwari et al.,
2009). As a matter of concern, the MRSA or MRSE
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isolates could be treated as with vancomycin or linezolid
(Nobrega et al., 2018).

In the second part of the study, phytochemical analysis of
an aqueous extract of A. indica leaves showed presence of
azadirachtin and nimbolinin, a potent tetranortriterpenoid
(Siddiqui et al., 2003; Cen-Pacheco et al., 2020). Few of
the studies also described the phytochemical analysis and
identified the similar ingredient using different organic
solvents in Pakistan, India, Brazil and other countries
(Siddiqui et al., 2003; Satdive et al., 2011; Quelemes et
al., 2015; Cen-Pacheco et al., 2020). The previous data is
based on HPLC or thin-layer chromatography. However,
FTIR-spectroscopy was used in the current study for
qualitative phytochemical analysis. Previous studies have
described Neem extracts for the treatment of diabetic foot
and chronic wounds or skin gangrenes (Zafar ef al., 2008;
Wong et al., 2013). One of the recent studies described
the effects of A. indica leaf extracts in induced colitis in
rat model (Ruslie and Darmadi, 2020). Some studies have
also described the effects of A. indica against biofilm
formation and resistant bacteria (Dahiya et al., 2012;
Quelemes et al., 2015). However, in the current study, we
reported the antibacterial activity of A. indica as
14.2341.37 and 13.66+0.70 against MRSA and MRSE
isolates, respectively.

CONCLUSION

The current study described a higher incidence of
Staphylococci including MRSA and MRSE from surgical
and non-surgical wounds among the patients of tertiary
care hospitals in Multan and Faisalabad. The
amplification and sequence analysis of 16S rRNA gene
offers good molecular identification approach for the
identification of different bacterial isolates including
Staphylococcus. The molecular mechanism of MRSA and
MRSE is based on the presence of the chromosomal mec-
A gene. In the current study, none of the isolates showed
resistance to vancomycin as indicated by MIC values.
Therefore, it is highly suggested that skin infection should
be treated with antimicrobial drugs after antimicrobial
susceptibility profiles of the isolated pathogen. The
vancomycin should only be suggested in case of incidence
of MRSA or MRSE. Further, the use of soap or hand
wash containing Neem extract can be used as an alternate
home remedy.
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