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Abstract:
Through a period of three months ( October to Ddmam2014), 37 clinical and environmen&dphylococcus
isolates were collected from three different hadpitin Baghdad (Baghdad Teaching Hospital, Fatttha-
Zahra Hospital for Pediatric and Obstetricand Alndii Teaching Hospital), 25(67.57%) isolates wem@rfr
clinical specimens and 12(32.43%) isolates werenflfmspital environment. out of 37 isolates, 28(8%p
isolates were Coagulase-Negative Staphylococci (8 0Mhile 9 (24.32%) isolates weBmphylococcus aureus
(coagulase-positive staphylococci). Three diffeisinfectants commonly used in our hospitals wested to
determine the antibacterial activity agair®aphylococcus isolates and the result in showed a high level
resistance oftaphylococcus isolates to the disinfectants under test when asaue. The result also showed that
the concentrated SURFANIOS and Sekulyse disinféstauere more effective on tH&aphylococcus isolates
under test irtomparison to the diluted concentration of thdsinfectants
Antibacterial activity ofSyzygium aromaticum (cloves oil), Eucalyptus globules (calptus oil) andRosmarinus
officinalis (rosemary oil) was done in different concentragigh00, 50, 25 and 12,25 mg/ml) for each essential
oil. The findings revealed that the cloves oil ie tonly essential oil which had antibacterial agtiagainst
Saphylococcus spp.strains in the 100,50and 25 mg/ml concentigtiovhile the other two essential oils have no
antibacterial activity against studied isolatese Tdntibacterial activity of essential oils in comddion with
disinfectants against Staphylococci strains wersepled using agar well diffusion method and thailtes
showed that the essential oils in combination wliinfectants showed considerably more antibadtadgvity
than the essential oils and disinfectants alonenvadoenpared with them.

Introduction:

The genustaphylococcus is a member of th&aphylococcaceae family (1), and it contains at least 40 species
(2). Most are harmless and reside normally onsttie and mucous membranes of humans and other organisms
(3).Saphylococci are also omnipresnt distributed in very differeitthes in nature, including soil, water, and air,
and in a variety of foodstuffs, such as meat, aheesd raw milk (4). These organisms are resistant
detrimental environmental conditions and can bered from non-physiological environments even rent
after inoculation, a peculiar characteristicRdphylococci is their ability to grow in high salt concentrats
and most of them grow in media with 10% of NacCl. (bhe species in the genus are classified to twmma
group based on the production of enzyme coagulesagulase positive, including speci€saureus, S
intermedius, S schleiferi, andS.delphini; and coagulase negative, including more than 86rdnt species (6).
Disinfectants play a vital role in worldwide infea control as a crucial weapon against transmissit
nosocomial pathogens/infections combating globakake outbreak. Reduction of microbial contaminatio
impact depends primarily on improved cleaning arappr disinfection of the hospital environment, niyahigh
risk areas, as these measures are crucial to stgmdawn distribution of these microbial contaminas.
Nowadays, there is limited awareness among heaith workers about choosing an appropriate disiafect
chiefly in small health care settings. Usually, agent with broad-spectrum antimicrobial activitycisosen
based on the literature provided by manufacturéxs (

The mode of action of disinfectants is thought ¢olinked to destruction of proteins, lipids or raiclacids in
the cells or its cytoplasmic membrane, althoughrogigganisms vary in their sensitivity to chemicatmicide
(8). The extensive use of disinfectants has giv@nto the emergence 8faphylococci resistant to disinfectants
(9).

The term “essential oil” was used for the first ¢irm the 16th century by Paracelsus von Hohenheihg
mentioned to the effective component of a drug@sifita essential”.The first bactericidal experimehEOs
have been performed by De la Croix in 1881 . Howesiace those times the use of EOs in medicindugity
decreased (10).

Syzygium aromaticum belong to the familyMyrtaceae. Clove oil extracted frons. aromaticum has biological
activities, such as antibacterial, antifungal, atédal and antioxidant properties, and is usedhmercially as a
savoring agent and antimicrobial material in fobd)(

Eucalyptus globules belong to the family oMyrtaceae. Its leaves have been applied as traditional réesefdr
treatment of various diseases such as pulmonagydulosis, influenza, fungal infections and diabeBecause
of their antioxidant activity, leaf extracts & globulus have been used as food additives (12). Rosemary
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(Rosmarinus officinalis) which has long been known asa spice and meditiedd belongs to theamiaceae
family andreceiving increasing concern due to it#timicrobial, anti- inflammatory and anti-oxidative
constituents. Rosemary oils are largely used iditicmal medicine, in perfumery, phytocosmetic amdiquor
manufacturing (13).
This study was aimed to:
. Determine the antimicrobial activity of some digiafants usually used in our hospitals separately an
in combination with each other.
. Determine the antimicrobial activity of some esigmils onStaphylococcus isolates.
. Study the antimicrobial activity of essential alsd disinfectants in combination against isolates.
Methods:
Collection of isolates
Thirty seven non-duplicate clinical and environnai&@aphylococcus spp. isolates were collected from three
hospitals in Baghdad including: Baghdad Teachingpital, Fattima-AL-Zahra Hospital for Pediatric and
Obstetricand AL-Kindi Teaching Hospital. Clinicahdterial strains were isolated from different ingat
specimens including: blood, urine and wound whie tnvironmental strains were isolated from diffiere
hospital environment sitesincluding:Medical equiptp®atients’ beds, tables, sinks and floors.
Identification of isolates
The clinical and environmental isolates were id@diin the laboratories of the three hospitals tioered above
by using Vitek-2 system and API-STAPH System (BiefMux, France) according to the manufacturer's
instructions.
Screening for antibacterial activity of disinfectarts
The antibacterial assay of disinfectants was cdrgat using agar well diffusion method. Three d#f

disinfectants (table -1), which commonly used im baspitals were tested separately using agar difélision
method.

Table -1: Specifications of disinfectants used in thislg
Disinfectants Composition Indication
SURFANIOS | N-(3-aminopropyl)-N-dodécylpropane-1,3- used for cleaning
diamine (N°CAS and disinfecting
2372-82-9:51mg/q), of surfaces
chlorure dedidécyl
diméthyl ammonium
(N°CAS 7173-51-5
: 25 mg/g),excipients
Sekulyse benzalkonium chloride used for cleaning
and disinfecting medical devices
ANIOSPRY 29 | Ethanol,chloride, used for cleaning
Didécyldiméthyl ammonium, chlorhydrate, polyhexaméhyl | and disinfecting
enebiguanide, excipients of materials and surfaces

These three disinfectants were used in the coratérs which usually used in the hospitals (table€he of
these disinfectants was ready to use without ditufnumber 3) and the other two disinfectants rdikdion
with water during the use (number 1 and 2) whiditdd to 0.25% and 0.5% respectively, accordinght®
manufacturer's instructions.

Bacterial suspension of turbidity equals to 1.8x0FU/ml was prepared. Using a sterile cotton svean|
cultures of the test organisms were made on thdekblinton agar plates. A well of 6mm diameter waade
using a sterile cork borer. Separately, dl0ff each disinfectant was placed in 6mm diametell.vAlso in one
6mm diameter well, 100 of D.W. was placed as a negative control foiledterial activity of disinfectants
then the plates were incubated at 37°C for 18-2&rshoThe zone diameter of inhibition (ZDI) of diféat
disinfectants has been determined against Staptgdatisolates (14).

Table -2: Disinfectants used in this work.

No. | Ddisinfectants | How used in hospitals| Manufacturing Company/ Origin
1 , Laboratoires
SURFANIOS | dilute t00.25% ANIOS/ Erance
2 Sekulyse dilute t00.5% Ecolab/ France
3 Laboratoires
ANIOSPRY 29| ready to use ANIOS/ Erance

Determination of antibacterial activity of essentid oils (Eos) againstStaphylococcus spp.

Agar well diffusion method which previously mentaxh above was employed to determine the antibaktteria
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activity of S. aromaticum (cloves oil),E. globules (calptus oil) andR. officinalis (rosemary oil) as disinfectants
(figure-1), these essential oils were obtained fiermad factory/ Iraq in 100% concentration. Essépfla were
solubilized in Dimethyl sulfoxide (DMSO) were prepd and diluted with distal water to obtain a final
concentrations (100, 50, 25 and 12,25 mg/ml). Vditsterile cork borer, bores were punched on thellbtue
Hinton agar plates which were previously swabbeth whe bacterial suspension, 1QDof essential oil was
poured into each bore, also in one bore,l@ DMSO was placed as a negative control forkzatierial activity
then the plates were incubated at 37° C for 18@4#s The zone diameter of inhibition has been oreasby
millimeter (mm) using a metric ruler.

Figure -1: Essential oils used in this study; A= (clove}, &= (calptus oil) and C= (rosemary oil).

Antibacterial effect of EOs in combination with disnfectants againstStaphylococcus spp.

The antibacterial activity of EOs in combinationthwidisinfectants was carried out using agar wefudion
method (14). Essential oils (100% concentrationjensolubilized in DMSO ( dimethyle sulfoxide ) atlten
each essential oil was added to each disinfestaloime to volume as shows in table-3. With a stecibrk
borer, wells were punched on the Mueller- Hintoargglates which were previously swabbed with thetdréal
suspension, 100l of essential oil in combination with disinfectanias poured into each well and the plates
were incubated at 37° C for 18-24 hours. The zdaenéter of inhibition has been measured by miltene
(mm) using a metric ruler.

Table -3: Essential oils in combination with disinfectants.

No. Essential oils Disinfectants
1 cloves oll SURFANIOS
2 calptus oil SURFANIOS
3 rosemary oils SURFANIOS
4 cloves oll Sekulyse
5 calptus oil Sekulyse
6 rosemary oils Sekulyse
7 cloves oll ANIOSPRY 29
8 calptus oil ANIOSPRY 29
9 rosemary oils ANIOSPRY 29

Results:

Isolation and Identification of Staphylococcus isolates

During a period of three months (from October toc®uaber, 2014), 37 clinical and environmental
Saphylococcus isolates were collected from three different htadpiin Baghdad. Out of these 37 isolates,
12(32.43%) isolates were from hospital environnaemd 25(67.57%) isolates were from clinical specisness

in figure -2, out of 25 clinicaB®taphylococcus isolates, 15(60%) isolates were from blood, 5(2@86)ates were
from urine , 3(12%) isolates were from wounds a(8%) isolates were from ears.
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Figure -2: Percentage oBtaphylococcus isolates in according to clinical specimens type.

According to Figure -3, out of 37 isolates, 28(B534) isolates were Coagulase-Negative Staphylod@ONS)
while 9 (24.32%) isolates were belong3aphylococcus aureus (coagulase- positive staphylococci). During this
study we noticed that the majority of coagulaseatizg staphylococci were within the blood specimand
environmental specimens.

B CONS

M S. aureus

Figure -3: Numbers of Coagulase-Negative Staphylococci (COaEStaphylococcus aureus isolates.

Antibacterial activity of disinfectants againstStaphylococcus isolates

Susceptibility of 37Saphylococcus isolates towards three different disinfectants REBNIOS, Sekulyse and
ANIOSPRY 29) commonly used in our hospitals werstdd separately and the zone diameter of inhibition
millimeter (mm) of each disinfectant has been dabeed and summarized in table -4. Result in thide
shows a high level resistanceSdphylococcus isolates to the disinfectants under test.
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Table -4: Zone diameter of inhibition in millimeter (mm) oisthfectants.

Isolate | SURFANIOS | Sekulyse Sekulyse
NO.

1 14 16 16
2 18 R R
3 20 R R
4 17 R R
5 13 R R
6 15 R R
7 20 R R
8 16 20 20
9 20 20 20
10 25 R R
11 20 12 12
12 21 R R
13 17 R R
14 20 19 19
15 20 R R
16 R 16 16
17 R R R
18 R R R
19 16 R R
20 R R R
21 R R R
22 R R R
23 R R R
24 20 R R
25 18 20 20
26 22 R R
27 20 R R
28 R R R
29 R R R
30 17 R R
31 18 R R
32 23 19 19
33 15 20 20
34 17 R R
35 14 R R
36 20 11 11
37 21 R R

On the other hand, SURFANIOS and Sekulyse disiafés were also tested for antibacterial activityew
concentrated to duplicate, 0.5% and 1% respectivEhe result in table-5, showed that the concesdrat
SURFANIOS and Sekulyse disinfectants were morecgffe on theStaphylococcus isolates under test in
comparison to the diluted concentration which i®dusn the hospitalsaccording to the manufacturer's
instructionsthis may be attributed to increasing in MICs valaé®lerant or resistant isolates.
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Table -5: Zone diameter of inhibition in millimeter (mm) ofURFANIOS and Sekulyse disinfectants when
concentrated to duplicate.

Isolate | SURFANIOS | SURFANIOS | Sekulyse| Sekulyse
NO. 0.25% 0.5% 0.5% 1%
1 14 24 16 28
2 18 29 R 28
3 20 36 R 28
4 17 30 R 28
5 20 15 R 22
6 15 22 R 28
7 20 27 R 30
8 16 26 20 31
9 20 31 20 32
10 25 29 R 30
11 20 26 21 32
12 21 24 R 36
13 17 22 R 26
14 20 36 19 31
15 20 28 R 30
16 R 22 16 32
17 R 22 R 28
18 R 25 R 20
19 26 29 R 26
20 R 22 R 25
21 R 25 R 28
22 R 22 R 28
23 R 24 R 28
24 20 28 R 28
25 18 22 20 33
26 22 31 R 29
27 20 29 R 27
28 R 26 R 28
29 R 24 R 35
30 17 31 R 30
31 18 25 R 35
32 23 28 19 30
33 15 25 20 25
34 17 24 R 25
35 14 26 R 28
36 20 28 11 28
37 21 32 R 35

Determination of antibacterial activity of Syzygium aromaticum, Eucalyptus globulus and Rosmarinus
officinalis essential oils (Eos) as disinfectants againStiaphylococcus strains

Antibacterial activity ofS. aromaticum (cloves oil),E. globules (calptus oil) andR. officinalis (rosemary oil) as
disinfectants was done in different concentrati¢t30, 50, 25 and 12,25 mg/ml) for each essentiahlone
using agar well diffusion method and the resultvedab that the cloves oil is the only essential diich gave
antibacterial activity againsitaphylococcus strains in the 100, 50 and 25 mg/ml concentratidibile no
antibacterial activity was found in the other twssential oil (calptus oil and rosemary oil) against
Saphylococcus strains (figure-4).
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Figure -4: Antibacterial activity of essential oils: 1=inhiloin zone of cloves oil in 50 mg/ml concentratio®, ,
3, 4, 5and 6= calptus oil and rosemary oil in défg concentrations and C= negative control (DMSO)

Antibacterial effect of essential oils in combinatin with disinfectants againstStaphylococcus strains

The antibacterial activity of essential oils in damation with disinfectants againStaphylococcus strains were
observed using agar well diffusion method by meaaguhe diameter of the growth inhibition zone.

The essential oils in combination with disinfectaehowed a positiveynergistic effecand good antibacterial
activity agains&aphylococcus isolates as shown in figure- 5 and table -6. [pa¢gented in table -6 showed that
the essential oils in combination with disinfectashowed considerably more antibacterial activiitgnt the
essential oils alone and disinfectants alone wioenpared with them (table -7).

All the essential oils in combination with disinfants gave good antibacterial activity but clovédssbhowed
maximum antibacterial activity compare with otheotessential oils (table -6).

Figure -5: Antibacterial activity of essential oils in combiion with disinfectants: 1, 2, 3, 4 and 5 essénila
+ disinfectants, C= negative control (DMSO).
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Table -6: Zone diameter of inhibition in millimeter (mm) of&ential oils in combination with disinfectants
againstStaphylococcus isolates

Isolate Essential oils + disinfectants
NO.

A|B |C|D|E|F |G |H/I

N

20| 28| 25| 20 29
20| 15| 20| 10 2§
20| 30| 20| R| 2@
20| 36| 20| 20 16
300 25| 20| R| R
20| 20| 25| R| 2@
20| 25| 20| 20 15
15| 20| 25| 22 1§
18| 20| 25| R| R
10 15/ 30| 200 R| R
11 20| 20| 20| R| 2@
12 30| 25| 20| 20 20 1%
13 20| 20| 28] 20 25 1%
14 36| 36| 25 25 20 20
15 15| 20| 20| 15 R| 2(
16 251201 200 Rl R| R
17 25|/ 200 300 Rl RI R
18 201 15| 20| R| 20 R
19 20| 15| 25 20 25 R
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20 25| 22| 20| R| 2@
21 25| 35| 20| R| 2@
22 40| 40| 20| 20 2§
23 35| 18] 20| 25 20 18
24 20| 18] 20| R| 25 1f
25 200l R] 200 R| R| R
26 36| 36| 38| 36 25 20
27 36| 25| 20| 35 35 26
28 36| 36| 20| 35 35 26
29 36| 36| 36| 36 36 R
30 15| 20| 20] R| 3§ R
31 36| 20| 25| R| 38 2(
32 15| 20| 20 R R
33 18| 15| 15| 20 R| R
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34 18| 20| 20 R 1% R
35 25| 20| 20 R 1% D
36 20| 22| 25 R 2( P
37 30| 36| 30 15 36 36 30

A= cloves oil+ SURFANIOS, B= calptus oil+ SURFANIOSC= rosemary oil + SURFANIOS, D= cloves
oil+Sekulyse, E= calptus oil +Sekulyse, F= rosgmait + Sekulyse, G= cloves oil+ ANIOSPRY 29 , H=
calptus oil + ANIOSPRY 29, I=rosemary oil+ ANIOSPR®.
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Figure -7: A Comparisonof SURFANIOS in combination with Cloves oivith Cloves oil alone and
SURFANIOS alone.

Isolate | SURFANIOS | Cloves oil Cloves
NO. + oil
SURFANIOS only
1 14 20 16
2 18 20 21
3 20 20 15
4 17 20 18
5 13 30 12
6 15 20 16
7 20 20 15
8 16 15 15
9 10 18 17
10 15 15 17
11 20 20 13
12 21 30 21
13 17 20 20
14 20 36 17
15 20 15 14
16 R 25 16
17 R 25 12
18 R 20 15
19 16 20 15
20 R 25 11
21 R 25 14
22 R 40 15
23 R 35 15
24 20 20 17
25 18 20 16
26 22 36 17
27 20 36 13
28 R 36 18
29 R 36 12
30 17 18 12
31 18 36 15
32 13 15 19
33 15 18 14
34 17 18 20
35 14 25 20
36 20 20 15
37 21 30 18

Disscusion:

Disinfectants are chemical agents used on inanirobjects to inactivate virtually all identified aigenic
microorganisms. Unlike antibiotics, which are chémeoapeutic drugs mostly used internally to control
infections and which interact with specific struetsi or metabolic processes in microbial cellsndégitants act
non-specifically against multiple targets (15).

Our result showed a high level resistanceStaphylococcus isolates toward the disinfectants under test when
used alone. The result also showed that the coratedt SURFANIOS and Sekulyse disinfectants wereemor
effective on theSaphylococcus isolates under test imomparison to the diluted concentration of those
disinfectants

Clove essential oil, used as an antiseptic iniofattions, inhibits Gram-negative and Gram-positbacteria as
well as yeast. Nufiez and Aquino reported that Ckssential oil can be considered as a potentiahambbial
agent for external use because it is not clearhctifated by dilution or affected by organic matfEne design

of clinical experiments will determine its effeaivess in medical and dental practice (12).

From the above results it can be concluded thae#isential oils in combination with disinfectantsvé great
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potential as antibacterial compounds agaBtegbhylococcus strains and that they can be used in our hostals
disinfectants combination with disinfectants uspaked in our hospitals.

According to many reports, there is a relationdiepveen the antimicrobial activity and the chematalictures
of the most abundant in the tested essential wibrle study, Ghellagt al. mentioned that the antimicrobial
activity of the essential oils combined with Powidelodine solution, against strains &faureus in biofilm
cultures was superior to each antimicrobial agésmea The application of these essential oils magpl/ a
scientific ground in increasing the antimicrobidfeet of PVI against bacterial biofiims and accogly
prevention and treatment of nosocomial infecticmssed by, among othe&aphyl ococcus aureus (16).
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