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ABSTRACT
Introduction: Mite Sarcoptes scabiei causes scabies which is a
communicable skin infection and it promotes a suitable niche for
microorganisms for their growth and development to cause secondary
infection. This study was conducted to isolate the prevalent microorganisms
collected from the pus of volunteers having scabies only, as well as to
detect MRSA strains to study the antimicrobial and antibiofilm activity of
Allium sativum bulbs, Olea europaea, Piper nigrum extracts against these
strains. Materials and Methods: Pus samples were collected from 50
volunteers having scabies only and antibiotic susceptibility of the prevalent
microorganisms as well as biofilm assay for MRSA isolates were also
tested. Ethanolic extracts of Allium sativum bulbs, Olea europaea leaves,
Piper nigrum berries were prepared and their antimicrobial and antibiofilm
activities were determined. Results: out of 290, 65% (189) of them are
confirmed as Staphylococcus aureus and 47 of these Staphylococcus
aureus isolates were found to be resistant for Methicillin. On the other
hand, in the present study Allium sativum bulbs and extracts of leaves of
Olea europaea had potent antimicrobial activity against the MRSA strains
isolated from the scabies while Piper nigrum extract had least amount of
antimicrobial activity. Present study also revealed that extracts of Allium

sativum bulbs possessed more antimicrobial property than the leaf
extract of Olea europaea against the said strains. Conclusion: It can be
concluded that MRSA strains harbouring volunteers with scabies may act
as the reservoir for secondary infection and Allium sativum bulbs are more
effective against the said strain than the Olea europaea and Piper nigrum
extracts.
Keywords: Scabies, Staphylococcus aureus, MRSA, Allium sativum, Olea
europaea, Piper nigrum.
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INTRODUCTION
Scabies is a communicable skin infection which is caused by Sarcoptes
scabiei and has now become a health problem in the developing countries
with improper hygiene, overcrowded tropical areas which promote the
prevalence and complications of the disease. It is also suggested that
Group A Streptococci and Staphylococcus aureus cause the secondary
infection and induces the occurrence of pyoderma among the patients
with scabies.1 On the other hand, biofilms are reported by Costerton
et al. (1999)2 to be the basis for persistent of chronic bacterial infections.
Staphylococcus aureus are also found to form biofilms on biomaterials,
damaged tissues, catheter or other devices used for medical purposes
causing biofilm-related infections.3 Biofilm was reported to induce
resistance against antimicrobial agents through biofilm formation which
confers protection for their survival in the environmental reservoir.2-5
Emergence of multidrug resistant bacteria now has become a global
problem due to excessive use of antibiotics.6 It is necessary to search
new strategies for fighting against infection. Medicinal values of
different plants are well accepted throughout the world, as they contain
various types of physiologically important phytochemicals possessing
pharmacological activities.7 Garlic extract (Allium sativum L.) has
been suggested to inhibit the growth of Staphylococci, and is also used
to prevent common cold, bacterial and fungal infections.8,9 Beside
this, Olive tree (Olea europaea) is a small tree or shrub which is a
Mediterranean species.10 Several reports suggest that Olive leaf possesses

high quantities of phenolic substances which are responsible for their
antibacterial activity.10-12
On the other hand, Black pepper (Piper nigrum) is a medicinal plant
found in India. Phenolic compounds are reported to be present in Black
pepper which has antimicrobial property against several types of bacteria
like Salmonella typhimurium, Bacillus, Staphylococcus aureus etc.13-15 Our
study was conducted to detect the prevalent micro-organisms collected
from the pus of volunteers having scabies only to detect the presence
of MRSA (Methicillin resistant Staphylococcus aureus) and also to study
the antimicrobial and antibiofilm activity of extracts of Allium sativum
bulbs, Olea europaea leaves, Piper nigrum berries against Methicillin
resistant Staphylococcus aureus isolates.

MATERIALS AND METHODS
Selection of Subject
Inclusion Criteria
Volunteers (age group-10 to 50 years) of both sexes who had scabies
only and no addiction for smoking or alcohol were selected for the
study.
Exclusion Criteria
Volunteers having the history of smoking or alcohol addiction and also
other diseases were excluded. Moreover, volunteers who were too young
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or two old (below 10 years or above 50 years) were also excluded for the
study.

Collection of Sample
Samples containing pus were collected from the 50 selected volunteers of
(age group of 10- 50 years) belonging to low socio-economic condition
from the slum areas of Berhampore, Murshidabad, West Bengal, India
under the supervision of Dermatologist, Lalbagh Hospital, West Bengal
with the informed consent form signed by the selected volunteers during
the period of February 2019 to July 2019.

Ethical Statement
Our study was carried out according to the ICMR human ethical
guidelines adopted by the Institutional Ethics Committee, University of
Gour Banga, Malda, India (Ref.No. UGB/IEC (Human) 0003-21).

Method for Culture of Bacterial Strains
Collected pus samples were allowed to grow on the LB agar media and
kept at 37°C for 18 hr and then the bacterial colonies were cultured on
the sheep blood agar in incubator at 37°C for 18 hr.

Identification
Gram stain, coagulase test, DNase and heat-stable nuclease tests,
Mannitol salt fermentation test were used to detect Staphylococcus
aureus.16,17 Positive control strain was Staphylococcus aureus ATCC 25923.

Antibiotic Susceptibility
Tryptic soy agar containing NaCl (0.68 mol/L) and Oxacillin
(6 mg/ml, w/v) was used to detect Methicillin-resistant Staphylococcus
aureus (MRSA) [CLSI].18

Biofilm Formation Ability
Biofilm formation ability of these isolates was estimated by the standard
method19 with further modification in our laboratory. All strains of
Methicillin resistant Staphylococcus aureus were allowed to be grown in
TSB-glucose (containing 0.25% glucose) (HiMedia, India). 50 μl of each
bacterial culture was taken into the sterilized 5 ml TSB and kept at 37°C
for 6h. Then, 500 μl of this bacterial culture was inoculated into sterile
test tube and kept at 37°C for 18 h. After that 500 μl of sterile phosphate
buffered saline (PBS) are added to the test tubes for washing and after
washing for three times all the test tubes were kept in an inverted position.
1ml of 0.1% safranin was used to stain them for 30s. After rinsing, the
absorbance was measured at 490 nm with the help of spectrophotometer
and three separate experiments were conducted for each assy.

Collection of Plants
Garlic (Allium sativum) was bought from the vegetable market in
Gorabazar, Berhampore. Olive leaves (Olea europaea) were brought
from Siliguri. Black pepper berries (Piper nigrum) were bought from
a grocery shop in Berhampore. Authentication No. for Allium sativum,
Olea europaea and Piper nigrum were KNC/BOT 30, KNC/BOT 31,
KNC/BOT 32 respectively given by the department of Botany, Krishnath
College, Berhampore, West Bengal.
All the plant extracts were made according to Ramya (2008)20 with
further modification in our laboratory.

Preparation of Plant Extracts
After cleaning with distilled water Leaves of Olea europaea as well as
Black pepper berries (Piper nigrum) were dried in the hot oven at 50°C
for 48 hr, separately and then allowedto ground into fine particles with
the help of electrical blender. 20 gm of the powdered samples of leaves of

Olea europaea and Piper nigrum berries were allowed to be soaked in 400
ml of 95% ethanol and 100 ml of 95% ethanol respectively.
On the other hand, Garlics (Allium sativum) were sliced after skinning.
50 gm of these sliced pieces were squeezed in a blender for 1 min and then
20 gm of it was soaked in 180 ml of 95% ethanol. Then each mixture was
kept in standing condition for about 48 hr for extraction and then each
of the extracts was passed through Whatman No. 1 filter paper by using
Buchner funnel. For getting final extraction, each filtrate was allowed to
evaporate in oven at 37°C for 24 hr. The final product was stored at 4°C.
The extract was dissolved in DMSO diluted by sterile double distilled
water to attain the final concentration of the extract of 1 gm/ml of DMSO
for the antimicrobial assay.

Antimicrobial Assay
Antimicrobial activities of the said plant extracts (concentration of
each plant extract was 1 gm/ml of DMSO) were determined according
the standard method against MRSA isolates.18 100 µl of diluted culture
(105 CFU/ml) of each MRSA isolates was spread on the nutrient agar
plates. 40 μl of each of the plant extracts was given to the respective wells
which were made in the plate and all of them were incubated at 37°C
for 18 to 24 hr. Zone of inhibition (mm) against the MRSA isolates was
measured to detect antimicrobial activity by three separate experiments.

Determination of Minimum Inhibitory Concentration (MIC)
The plant extract (having high antimicrobial activity) was used to
determine MIC for each strain and diluted concentrations which were
used as follows 180, 135, 90, 45, 36, 27, 18, 9, and 1 mg/ml respectively.
100 μl of Methicillin resistant Staphylococcus aureus isolates (105 CFU/ml)
mentioned earlier was taken into tubes containing nutrient broth and
plant extracts (1:1v/v) with different concentrations. Then the tubes
were kept in incubator at 37°C for one to two days in aerobic condition.
Control for media, control for organism and control for extract were
used for each strain. The plant’s extract which have lowest concentration
producing no growth after 2 days and will be considered as MIC. All of
them were compared with the control.

Biofilm Formation and Plant Extracts
Biofilm assay was done by standard protocol19 with further modification
in our laboratory. Methicillin resistant Staphylcoccus aureus isolates
having high biofilm formation ability were grown for 24 hr using
tryptone soy broth (TSB) (HiMedia, India) containing glucose (0.25%).
50 μl of each bacterial culture was taken into the 5 ml sterilized TSB
containing plant extracts (1:1v/v) (test group) in a sterile test tube while
50μl of same bacterial culture was also transferred to 5 ml of TSB in the
sterile test tubes without plant extracts (control group) and incubated at
37°C for 6hr. Then, 500 μl of this bacterial culture of control group was
inoculated into sterile test tube and same volume of the inoculums of test
group was also taken into another sterile test tube. Then, all test tubes
including blank (one test tube containing 5 ml broth only) were kept at
37°C for 18 hr. Biofilm formation was measured which was described in
the earlier section.

Screening for Phytochemical
Phytochemicals were analyzed qualitatively according to the standard
methods.21

Statistical Analysis
Mean and standard deviation (SD) were obtained after repeating each
of the quantifications for three times. Data were analyzed by using
post hoc Dunn’s test for multiple comparisons using SPSS Statistics 21.
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P values ≤ 0.05 was used as the level of significance to justify the
significant differences between groups.

RESULTS
In the present study samples were collected from 50 selected volunteers
having scabies from the slum areas of Berhampore, West Bengal, India.
About 290 bacterial isolates were isolated and 65% (189) of them were
confirmed as Staphylococcus aureus (Table 1). Moreover, it was found that
47 of these Staphylococcus aureus isolates were resistant for Methicillin
(Table 1) and it was also found that out of 50 volunteers, samples of 37
volunteers with chronic infection (74%) possessed MRSA. Moreover, 42
MRSA isolates were found to have moderate to high biofilm formation
ability (Figure 1)
On the other hand, in the present study antimicrobial activities of
ethanolic extracts of Olea europaea leaves, Allium sativum bulbs, Piper
nigrum berries, against the MRSA isolates of scabies were determined.
It was also observed that zone of inhibition produced by the extract
of Allium sativum against 37 (78.72%) MRSA strains was significantly
higher (p≤0.05) than the zone of inhibition created by the extracts of
Olea europaea and Piper nigrum while extract of Olea europaea produced
significantly higher (p≤0.05) zone of inhibition than Allium sativum,
Piper nigrum, against 3 (6.38%) MRSA isolates (SBV5, SBV11 and
SBV15) (Figure 2, Figure 3). But antimicrobial activity of Piper nigrum
was negligible against the MRSA isolates in this study (Figure 2). Range
of the MIC values of Allium sativum and Olea europaea were 4.5 mg/ml
to 9.0 mg/ml and 9 mg/ml to 18 mg/ml respectively against 93.62%
of the MRSA isolates (Table 2) while MIC values of Allium sativum
and Olea europaea were 18 mg/ml and 4.5 mg/ml respectively against
6.38% of the MRSA isolates (Table 2). Whether the said plant extracts
have any antibiofilm activity, biofilm formations by the MRSA strains
having high biofilm formation ability were tested. Biofilm formation
by these strains was found to be significantly (p≤0.05) reduced by three
folds and two folds after the treatment of extracts of Allium sativum
bulb, Olea europaea leaf respectively while there was no significant
reduction (p≤0.05) in the biofilm production by these said strains after
the treatment of the extract of Piper nigrum berry in comparison to the
control (Figure 4). Phytochemical screening was performed to detect
secondary metabolites and it was found that saponin, tannins, alkaloids,

Figure 2: Methicillin resistant Staphylococcus aureus isolate on LB agar plate
and Antibiotic susceptibility of Allium sativum bulb (A) extract, Olea europaea
(O) leaf extract and Piper nigrum (P) berry extract against Methicillin resistant
Staphylococcus aureus.

Table 1: Prevalence of Staphylococcus aureus and antibiotic
susceptibility.
No. of bacterial
isolates

Staphylococcus aureus
isolates

MRSA

290

189 (65%)

62

Figure 3: Comparison of Zone of inhibition produced by extracts of Allium
Sativum, Olea europaea, Piper Nigrum

flavonoids, cardiac glycosides and phenolic compounds were present
in the ethanolic extract of both Allium sativum bulb and Olea europaea
leaf while the important secondary metabolites like saponin, flavonoids
and phenolic compounds were absent in the ethanolic extract of Piper
nigrum berries (Table 3).

DISCUSSION

Figure 1: Biofilm formation by the MRSA isolates. Values are Mean ± SD.
Biofilm formation at 37°C for 18 hr in MRSA isolates is presented. The strains
which do not produce any biofilm are not shown in the figure. OD490 values
are indicator of the amount of biofilm produced. ”OD”-Optical density.
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Communicable and incurable itching skin disease, scabies is caused
by mites who impair the complement mediated defence system in
humans.22-23 In the present study samples were collected from 50 selected
volunteers having scabies from the slum areas of Berhampore, West
Bengal, India. About 290 bacterial isolates were isolated and 65% (189)
of them were confirmed as Staphylococcus aureus. Findings of this study
indicate that scabies mites may create a suitable niche for microorganisms
for their establishment of burrows and this may augment the growth
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Table 2: MIC values of extracts of selected plants against
Methicillin resistant Staphylococcus aureus isolates.
Plant
extracts

MIC values (mg/ml) of the plant extracts against 47 MethR
Staphylococcus aureus isolates
SBV1,SBV2, SBV3,
SBV4, SBV6, SBV7,
SBV8, SBV9, SBV10,
SBV12, SBV13, SBV14,
SBV16, SBV17, SBV18,
SBV19, SBV20, SBV21,
SBV22, SBV23, SBV24,
SBV25, SBV26, SBV27,
SBV28, SBV29, SBV30,
SBV31, SBV33, SBV34,
SBV35, SBV38, SBV45,
SBV46 (72.34%)

SBV5,
SBV11
SBV15
(6.38%)

SBV32, SBV36,
SBV37, SBV39,
SBV40, SBV41,
SBV42, SBV43,
SBV44, SBV47,(21.28%)

Allium
sativum

4.5 mg/ml

18 mg/ml

9 mg/ml

Olea
europaea

9 mg/ml

4.5 mg/ml

18 mg/ml

Figure 4: Comparison of biofilm formation by 42 MRSA isolates (having
moderate to high biofilm formation ability) after the treatment with control,
extracts of Allium Sativum, Olea europaea, Piper nigrum respectively.
Table 3: Phytochemical screening of the ethanolic extracts.
Sl.

this study suggest that presence of MRSA among the volunteers with
scabies may be the reason for their secondary infection.3,25 Additionally
it can be said that scabies of volunteers harbouring MRSA with biofilm
formation ability may act as the reservoir for the future infection of the
microorganisms by conferring protection and also inducing resistance
against antimicrobial agents. Because biofilm formed by MRSA is more
resistant to most available antimicrobial agents, leading to the treatment
failures and increased survival in the environmental reservoir.2,4-5
On the other hand, by assessing antimicrobial activities of ethanolic
extracts of Olea europaea leaves, Allium sativum bulbs, Piper nigrum
berries, against the MRSA isolates of scabies it was observed that Olea
europaea leaf and Allium sativum bulb extracts have potent antimicrobial
activity which were also reported earlier.11-16 But antimicrobial activity
of Piper nigrum was negligible against the MRSA isolates in this study
while it was previously reported that Piper nigrum extract had potent
antimicrobial activity against the MRSA strain.15,16 These observations
of the study indicate that Piper nigrum is less effective against the said
strains. Beside this by comparing the observations of this study related
to the zone of inhibition and range of MIC values it is suggested that
Allium sativum bulb extract has more antimicrobial activity than the
leaf extract of Olea europaea against the most of MRSA strains (78.72%)
in the study. Additionally extract of Allium sativum bulb, Olea europaea
leaf have antibiofilm activity as biofilm formation by the said strains was
found to be significantly (p≤0.05) reduced after the treatment of extracts
of Allium sativum bulb, Olea europaea leaf respectively while there was
no significant reduction (p≤0.05) in the biofilm production by these
said strains after the treatment of the extract of Piper nigrum berry in
comparison to the control. On the other hand, phytochemical screening
showed the presence of saponin, tannins, alkaloids, flavonoids, cardiac
glycosides and phenolic compounds in the ethanolic extract of both
Allium sativum bulb and Olea europaea leaf which was also reported by
Nazir et al (2019)26 and Ahmad et al. (2015)12 respectively. Presence of
these bioactive compounds may be responsible for conferring potent
antimicrobial and antibiofilm activity. On other hand, the important
secondary metabolites like saponin, flavonoids and phenolic compounds
were absent in the ethanolic extract of Piper nigrum berries which have
been shown by Ganesh et al. (2014).15 This result suggests that absence
of saponin, flavonoids and phenolic compounds in the ethanolic extract
of Piper nigrum berries may be responsible for its low antimicrobial
(not significant) and antibiofilm activity (not significant) against the
said strains than the ethanolic extracts of Allium sativum bulbs, Olea
europaea leaves. Further studies are required to find out the detailed
underlying reasons for such observations.

Phytochemical
Constituent

Allium Sativum

Olea europaea

Piper nigrum

No.
1.

Saponins

+

+

-

2.

Tannins

+

+

+

3.

Alkaloids

+

+

+

CONCLUSION

4.

Flavonoids

+

+

-

5.

Cardiac
glycosides

+

+

+

6.

Phenolic
compounds

+

+

-

The results of this study had shown the presence of Staphylococcus
aureus as a predominating organism and most of the volunteers with
scabies had MRSA isolates. Moreover, the findings of this study indicate
that extract of Allium sativum bulbs possess more antimicrobial and
antibiofilm properties than the leaf extract of Olea europaea against the
MRSA isolates while extract of Piper nigrum is less effective in respect of
antimicrobial and antibiofilm properties.

of Staphylococcus aureus which are also consistent with the several
reports.1,22-23 Andrews et al. (2009)1 had shown that Group A Streptococci
and Staphylococcus aureus were responsible for the secondary infection
of the patient with scabies and complicacy of disease. Moreover,
Staphylococcus aureus were found to be the predominating organism in
this study and similar observation was shown by Swe et al. (2014).24
MRSA isolates of this study had moderate to high biofilm formation
ability which was also shown by Otto (2008).3 Beside this, findings of
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