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s lae zladl (GlalA zgn) ddlide dumpe Glbal (o die 120 Cues
eluially DLl lddine o 2019 V) (58 ) 2019 Jsl) e syl (a0 i
Jsslall mle 1 has o Gl Ciey) cJuasall diae b Aelall daall ai
(L) dsandl & ((sasiall saill) dange dagis de 105 <jell Mannitol Salt Agar
z il Agyedad) claall I aliiudy % 47.6 Ay Jsisladl Sud spede die 50 e
Xl «Staphylococcus aureus g5l axli %13.3 iy i 14 Cund s Llaill 43
%21 clalall & %57 ol (e eVl Qi Ao el Us dadiuly eyl
16 3 4l cliall dulia Hlas) 5 .%7 Alsll lad) zlaly %14 Al Glie
el e ) Gy Ay gall Dlaliaall liaglie Cun e Lls el Cijelals Ligs labiae
A alcadd %85.7 daglie Ay Oxacillin 3 oladd %92.8 4wy dle daglia
L caslyis Erythromycin J) slcad MIC oY) Lafiadl 3€5) casas .Erythromycin
ZnO (sl Glijll apuSl @6 V) badiall 3850 aaay . s \aaSa (5000-1250)
cNall 2 aidaale (10000-5000) o 75l iy nm (150-50 ,30,20) alsa¥l
Ll Gl 36y e Erythromycin sbaal Lyst sl duall mbs @yl Jailg
Cuzmidi) M Aygall Clabiaall Loglial) GV (il paill Tt PIA e 52 Allady
-19.5) I “adaaSe (5000-1250) o« Erythromycin 3 slad MICH e
auit Cdgll s .NM 20 aas ZNO sl S ae 4nde die CaudaaSe (156.25
o= M (150-50 ,30,20) alaa¥) 53 ZnO 4l @Bl MIC U dad cuadds)
I oge leae die CaidaaSa (312.5-78.125) U aw \axSe (10000-5000)
. Erythromycin
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#lom ¢ Ol cdtil) Sleadl dpdalaall i Wly ca¥ls alall o ddlatiall LKA (e dpadl) 4o giial) <l oSall 223
Al clilaly (gl Qs aall 235ad Jie SLlal) (e waadl s il Al LS ol aalgill danla LS el
ToXiC (TSS) dieud) derall LaPliag Apalall Glileall 2 e 7y ad) Glilglly Jaleally clalall Jie 3535,)) Aoy
Reddy Asaninetal, 2019)  Scalded Skin Syndrome (SSS) alall i& 443iey Shock Syndrome
.( Goudarzi et al., 2016; et al., 2017;

sV STy Baaly Lld b pas ¢ lanal) (aliidV) e % 30 s die xada S8 Ay siiall Sl 2a g3
sl )y ally ddagipall L) .(Tong et al., 2015) ity adinall (o dandiSall (alyad dppusall 43,5<00
(Ra0 ) dpalyel ST s clliyg 4y guall cilabimal) Cilia) Calise Gaglie o Lgh)s can bains (15S Lo Llle Zpadl
. etal.,, 2014

Methicillin Resistant (MRSA) (plifiall daliall oo d3gall cilaliadl sasid) daoglaall <ld &Y aal
) had il Sl a3 @Al cbddiad) ablay 1S W g sl Ally Staphylococcus aureus
OponlasSlall Aagliall YA Heels M 53l e .(Reddy et al., 2017) MRSA 1 «llal zMl
sasiall 4K Y) Yl sy J) Leandds 23 Al Vancomycin Resistant Staphylococcus aureus(VRSA)
Erythromycin I aelidl <yl el A 48yl (Dezfulian et al., 2011; Tortora et al., 2018)
.(Tille, 2017) &Y eais 5 Al Erythromycin Resistant Staphylococcus aureus (ERSA)

Gy Ayl @B aladnud ey Al Gladles dalse alagY Gl 2l Ayl Claliaall daglial salyhs
i) die Tl A e ol LSl sad Ja A o) das LS aa dygal) clbibadll g L3l il el
.(Fayaz et al., 2010) oas te NS 4yl GilEAlly & pall laliad)

salaall Llladl \ganls (ailiadl) ol cllic Al Galeall 2lS) el (e ZNO il Glifll €yl aay
& Jay Gl (Maruthupandy et al., 2016) alw s lial 435Ss Sliays Aloagall 4ni Gailiadlls 4pead) ¢ Ladl
Jary G A05lly 2818 claiiall 5 el cldly (el Clpianive ¢ Lual) chlhal delia Jie 320 Clelua
Slisl & ZnO Jdee 43 (2014 , Jesionowski s Kolodziejczak-Radzimska ) sase <¥laa (4 Alga JalaS
s Scanning Electron Microscope (SEM) eaall jsa dauls Jaa gl (53l SLERY) Giyb e 4yl LR las
& aaxilly goal) plaall bt e Jasy Gua 45,0 WAL Transmission Electron Microscopy(TEM)
.(Siddigi etal., 2018) zajyall Z0all Cise Lo Aygad) Cliyiall aa Jeléilly 2320 sl

Caaongd) S opm (S L A cagd Jala b 4aSll el clde Wl bt N auS oY Ay elill lapuad)
Pati et al., (2014) &aldl o .(Yamamoto et al., 2004) s)Sse sliaeS Jexy @35 lijll 2S5l e (Ho03)
Flatiad Qs e Jaxiy 40 ¢ Lll o)l mdasd) J5a5 Leald 4,300 40a)) o Lie iy 2 ZN0 I Ayl (3361
Izl 5eas ol G Gph e WAD Jah €l Jall 550 Ll LS LSl 0 auslll agall doglad) il
Cho) wliajedl Ju8 e daiiall Cppaisaned) asan oo aalill aall Jlas ity Reactive Oxygen Spesies (ROS)
.(etal., 2011

s Apdd) WA o ALE Lals DT Jelaiy LSl A8l faew o ) aSsY sl el
@i M. (Zhang et al., 2007; Ahmadi shadmehri et al., 2019) 4.e )3y Ll Gleliall 4 Lealadiul
WSy ¢ anall lpmny ae LSl Glaill latiy ZNO ¢(Hajipour et al., 2012) dysual) duie ¥l (68 4300l Slasal)
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Lgal) L2eV) ol HS) wie Gaas o€ LK A ) dsdadd) daled) e el daiyy el aaall oS
& Lage 30 a5 Aysaal) LBeY) o) Cum cdage Dl & Aysal) eV & dle) o o(Slomberg et al., 2013)
e ey S claal) (TEM) 5 (SEM) 3llly senlall 35 5N jeaall jpea Liag) il a5 dyaiCall dagliall yaola

.(Wang et al., 2016) (= yill 3585 W3S 55 LISy Clasuall 038 aaa e aaiad Sl g5l ZnO )

Jandl (Gl 3lgall

il ((Lue 65) zoyall ((lie 10) Adsll (glaall cillgal cilad dabiae libal (e 4y due (120) gen &
sl Jomgall dipde b alal) dniall piidas o Luidlly Sl il e (e Gruiall S5 (25) a2l ((due 20)
Staphylococcus cuaids  Jsisldl mle JS) s Jo <ae)3 22019 IV 08l el (M 2019 Jsb) jes o
lebua s Jalaill ajily SoauaS ¥ USH chlia) ehaly 4sasaslly LISAl doe )3l laall e lalac) aureus
.(Collee et al., 1996 ; Winn et al., 2006) <l jlea =il e X, Bacitracin J) sl

Gl L Gluag e Disc diffusion method (al@Vl L) diph aladiuly fuluall asd o))
Bauer sl isyh te sl & .(CLSI, 2019) Clinical Laboratory Standard Institute 2yl 4y ,6i.l)
.Bioanalyse iSyi (4 8jeaall dysual) Claliadl e e (16) 3 LSl daulua jlaal (et al., 1966)

:Erythromycin J) alaal [ Jafiall 5.8l (uld
t b WS Saginur et al., 2006 4yl e laldie) Cupal cdie loadd) Cadlanl) day )l Cueadiin
) il 10 ) ) Gyl e ids S0l 1000 Capal .1
o s Loy eVl U e fahe s Sle 10000 385 Gase jumsall sladl e jids Sl 1000 Capal 2
[l 58 5000 S5 Jte Joanll S (8-6) gyl cans i3y micropipette aladiul P e sladll

3
e
2500585 o Jsanll ddlull A3yl Gudly ey 2 o) dye¥) (I 1 o8y Losal) (e s S0l 1000 Js .3
Pans fale g Sl

SN e Jpasdl & 13 Slaaly jidg Kol 1000 leie cons 10 o8y V) ) Ypay dddaall &y S 4
Jan | 2l Sk (5000,2500,1250,625,312.5,156.25,78.125,39,19.5)

o) ge Aijie P [403 %10 * 15 5855 Aol (24-18) Lemry oiSil) ladl e iy Sile 100 Capml 5
el O D VSl il e G

Aaase Bylans ddia sy Ll (65l laally g3l el 11 85 B canal .6

Al syl 4dia sy laally sdiall (3yall o Lah gginy 12 8 Casal) 7

Aels (24-18) 5241 % (37) 42y b wli¥) a8

S(Sbaall oY) Ll 3S5l) MIC 1) e Jiaass 55 Wige 388401 salll (and .9

:nm (150-50 ,30,20) alaaly &g il 3508a0 580 bl 383

SN LN & Cua) lase umsall Can falegSile 20000 585 aladinl A5l diplll e Cuerdiad
S e Juani gy 1 o) gVl ) KVl plnas lig) e JA e el 3 Aysilil) 3561 (e coslladl)
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Ll ssall Caw Jahes Sl (10000, 5000, 2500, 1250, 625, 312.5, 156.25, 78.125, 39)
-(Saginur et al., 2006)

Ay gilll) AN ae Aygad) cilaliaall gy 5L Al Ay
: b WS (Saginur et al., 2006) dakh e aldie) Cyjal ddie laall cadlanl) d8)la cuandiin)
b)) 10 ) ) el (e s < 1000 Caml -1
Al aleadd) e JSI AL ohadll (e daaall MIC 3 385 0 sils Sile 1000 Js¥) sVl ) cinal -2
Al DA e ziall S5 Apgall Gl g Ll GEA gl e dual Cllly e 4yl
-y (8-6) gl sy I3y micropipette
il @yl e il Kol 1000 e Loay golall 2 8 s¥) N 1 o8y 40V e s Sile 1000 Ji -3
AL Agplall iy z3e
dealy iy Sole 1000 \gie conns 10 28y dysu) V) Youms landl 0y 8 -4
CAED o) e Ajlie adiyla 810% 15 3S55 dele (24) e oS Gladl e s Sile 100 dilal -5
by JS ) Y ile il g
Acls (24-18) 524l %5 (37) 4 8 i) civas -6
Lo)all Ayl (36l sladl oY) Ladiad) SN MIC ) ass 55 (i€l saill dasdle 5 7
LiBlially il
Al agiiall sSall i (and Al (glaall zladls mall aall (zgjall Glasse bl A 120 Canes
leie %87.5 4y MSA Ly e I Leie 105 <uyelsl <Mannitol Salt Agar Jsislally glall HIS) dag alasinly
(Ldsaal) b e LS %52.3 dusing byeda y2 Alje 555 %47.7 Luiys Jsislall Sl 030 A 50

Jsiilally lalllS) Jay o el gal aaady 2a) :1 Jgaal

Spadall e il e | Hadadl Nl o sl 54k o1 Ll clial s $ai Gyl Al aliall s ) i) s
Jeisilal) sl Jsisilal) sl i MSA Luy Ao i
55 50 15 105
%52.3 %47.6 %12.5 %87.5 Egaall
105 120

LS dglhdly S. aureus gsill Al cliell el (2 Jeaall) 3 dawagdl 4ga el clia il Ciagie
50 g sana (o Aie 14 i) 3 .(Collee et al., 1996; Winn et al., 2006) Wi sacieall ol dakl & <5
%28 Apuiyg Jalaill a3l HLEAY Aosge Angis Jsiolall 3yeda Alje




58 gsand) aloaally 4yl i B o500 ek
)l a8 S, aureus J eNie (anddal daadiual) 4y g ganSl) LAY 12 Jgaall
Hrani 5 aplasy)
a3 ¢Bacitracin L) ‘9 Jlas )

oeee | JsSY | CeSsls | J siilall Sl | ey 253254
alS | alai sl sl X .
el | sl gail)
+ + + + B + + + - Staphylococcus
dpwilly aanl) aureus

50 14 50 50 50 50 50 13 50 50
%100 %28 %100 | %100 | %100 %100 %100 | %26 | %100 %100 50

3 dgahall Slleal 2 o zgjad) Glase Glie b S gle Jsanll & Jie daw el o) s (3) Jsaad)
YoT.1 Ay Asd) (glaal) mled) Glie s %14.2 Aoy pall Gilie Sy %214 Ay il Glie gali %57.1 caly

Lnl) £48 cuuay S. AUEUS cje quud :3 Jgaal)

Joad) A aNiall ase il aae Ll poi &
57.1 8 65 coal) Cilaie 1
21.4 3 20 zl 2
14.2 2 25 Al 3
7.1 1 10 sl gylaall Lea) 4
100 14 120 g sanall

Lgall cabiaall dpulaal) La)

b &) gt Jes dany o @) jLim) 45 ke lalcas 16 olad A ixall S. AUreUS dsulua jLidl el

5 daulia 526 il Clinical and Laboratory Standards Institute (CLSI) Al 4yl colyiadl) daaial
& 3l Al Jglanl) e el 4jlia g Jayfil) ks dikaie (b A (e Aygall lalimall 4580 i3l daglia

slme Jie dygaal) cilaliad) (e el ddle daslia S, AUreUs el cua (1) Ja & ase WSy (2019, CLSI)

e daal) ae gl lly %92.8 daglia daniy OXacillin Il sbass %100 4aglie 4ausy Cefoxitin s Bacitracin

and Mohammed ; Kandala et al., 2017; Salih et al., 2017) %95 « %93.53 ¢ %93.42 i <luf)l

Sl e (2017, Flayyih

Luglial i)

45 gual) ialiaaly

Y el

Agtal) Lgal) claliaal) (e 23e olad S, AUreUs ik ciie Laglial dygial) cund) 11 JSil)
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%90.9 25any Cplisdisall daslia A jelal Cua Al-Geobory (2011) aulyy ae Liinhys mili cisdlgs GAIX
A g 0.9094.3 a5y Cpludiall daglaal A ciyell Al-Dahbi  and Al-Mathkhury (2013) s Gl
iy Oalidinall Aubin 5 90514 S50ny Colidisall Ao slial) daws cipell ) Peck et al., (2009) duh pe G385
.% 48.6
oo Ble a5 SCCMEC U OrfX (cagusas SI aall Jala Hdasdll SCC MeC cus e MRSA I ¥ (g
Oladisall Aaglaall cpm gsnd A MRSA I e Galide (sl catijilly aaally Ciliss AS)ate A yualic
lacle B-lactams ) desane (po IS daiane o) ALB 44l @b Al PBP2a wlagyl jais lls amecC sl mecA
i S, aureus o) daslaall A cull Adlasls) Ceftobiprole 5 Ceftaloridin Jis culiyysen lasd) (e paalad) Jual
leukocytes alaas il gl Eaal e 00l (e e 3e s (PVL) Panton-Valentine leukocidin a sew
-(McDonald et al., 2005) (2! sshall delse (e il s e Jonys (Meyer et al., 2009)
CoSaall daslie mam Al glaty gl 32y JS& mecA gene e il cun Gaad 8 daglaall 4
L5000 o daslie L 0% Lee CanlSU e 33sm5all (G AY) Claliadd) doglie il V) A8LaY L cilaliaall
-(Duran et al., 2012)
PBPS (luiall ddailyll iliti s pudly cansiy (gsladl jlaadl 5585 Alia o A gpanall ciligig yully 4 spad) Cilabiaall dasigs
58 0o Algpuall ligig s dypad) laliadd) i) (e Jliy Lee MECA (i 35as 8 Liadl Laslial) d Gandl ()5S, S
.(Ekrami et al., 2010) ¢pluidl Jayy <alisig yu slavsalls (gsladl laal
Jexi « %90 Oxacillin I 4 laall s culS Cua Talebi et al., (2019) duhs e il duhall oda il
dgry B LGOS gadil) Al aial dplee (& dalal DI e gslall plasdl s’ Glilee Lapfis e JESY UL Cilaliae
Allad Adalee ) il aodiod Al deguses S ) Duaidls o585 8 Ally 5l Clagyil hAE I deslial)
.(Kolar et al., 2010) by saus Mlapaally Galusial e sana 3 ALY L) Aila € Aauslgy AESY Ll Clalias il
) palaal¥) s 30b) BA e @l ccilabiaall LSl daglia a5 A Lage Do (golddl lasll ga%
@sih s ol 4080 sl Lo N-acetyl glucosamine Jie cilyySudly Alanin Jie stall laall ol 4 i)
.(Kuroda et al., 2000) dxsaall s5ine to) Hleday clies
eAal aluy 4 Ll @il Ly Erythromycin U deglie cpedi)l a5l g0 %85.7 dws ()
Chen et al., 2017; Kandala et al., 2017 ; Al Ani and Al Meani, 2018) %54.3 5 %43.8 «%39.53 %53
.Sl e (Bouchiat et al., 2015;
OmanlelandS) 4 glial dajna L3S o Erythromycin cilalicadd 4. liall Staph.aureus <Yie (e el
5 (Sl L) clads KoL) gl daglia dan e 50 Al Grleg V) 08 e 2l Ja ) gas
il bl eflux pump gl 4l Jie Gl e paall daslse Streptogramin 4esesas Lincosamide
Giany 53 23srRNA saa5 & Methylation s sila 3 ases @3 essulll LLY) adse 3 posatll o i)
Macrolide- I Zasadl ) 3 «erm genes ¢« g 40 e a5 3 erm genes <luall e ddauls
.(Stefanie and Gallert, 2014) <liall oda (e 25 &5 0 Tpuas (il Lincosamid -Streptogramin
45l A3l 588y Erythromycin ) alas g 0S8 S Jadiad) Sl Gl
Erythromycind) sbzaal A1 bdal) 5l (ald
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Al Vel s Ale daslie dp Jael M)y Erythromycind) sbadd MIC V) Lajd) 5850 st

@) sladlly Ayl Sl @Al gy3ul st

s Cud MIC o (S 3lebe daaal o LS sai Jafil alimall (g Aajline 4aaS J8) apantl iseal paSig Adall 38
cinmalall Dlally Lasgills Bhall Aa)aS Gaanil) Cagylag 855 dugynal) LS Gy Bl aaaS saawie Jalgas il
(500005 e cangli MIC I o (4 Jsaall) 8 dawmgall il <jedil L (Tskaris et al., 2002) dawssll <l sSas
OS2 Aleaghil et al., (2016) duhal dylie duhall e &5l Celag LErythromycin 3 aliaal as /o2Ss 1250)

MIC 1) o cuil& (2015) sle apS Ay b ety dasliall c3all *ans /oaSa 2103.45 Erythromycindl MIC 1
Erythromycin sleasl *au /s284(512-16)

S.aureus «¥je ua Vancomycin Ji alaal [ hiall 58580 14 Jgand)

Jadl aisa MIC Ay
S14| S13| S12| S11| S10| S9| S8| S7| S6| S5| S4| S3| S2| S| |
Zosal) claliaal)
2500 | 5000 | 2500 | 2500 | 5000 | 5000 | 5000 | 2500 | 1250 | 2500 | 5000 | 1250 | 5000 | 5000 | Erythromycin

30 <20 asall 53 (ZNO-NP) sl el €Y 4yl @6l MIC oY1 aiall 585l sy (5) Jsanl

L) il A S Jadial) 385 uld

Jaxs [22Sa (10000-5000) ¢y seks 3 S.aureus <Nje e nm(150-50)

Al 48 VRSA 9 MRSA 11 S. aureus c¥je aa 5gilill ZnO @By MIC A8 hadal) 5.8 15 Jgand)

Spm\ pisa MIC FUPAY
S14| S13| S12| sSi1| S10 S9 | S8 s7 S6 S5 s4 S3 s2 s1 G
Laa g 4 o310
10000 | 10000 [ 5000 | 10000 | 5000 | 10000 | 5000 [ 10000 | 5000 | 10000 [ 5000 | 10000 | 5000 | 5000 20nm ZnO
10000 | 5000 [ 10000 | 10000 | 5000 | 5000 | 5000 [ 10000 | 10000 | 10000 [ 5000 | 10000 | 10000 | 5000 30nm ZnO
10000 | 5000 | 10000 | 10000 | 5000 | 10000 | 5000 | 10000 | 10000 | 5000 | 10000 | ~ 5000 | 10000 | 5000 50_15522

MIC I o culS Cua (2015) i b apS il Ay Lgiay s2e bl il el ol il clla

Jous [22%4 (2600-126.5) o MIC 31 2 & nm 305 150-50 ZnO 520 ZnO 1 °ass /2354 (2500-325)
U MIC J5 s /236 (256) 58 20 ZnO I MICY o culs Abdulrahman and Nssaif (2016) 4l & Lein

3o [23%a (160) 32 150-50 ZNO 5 *aus [as<s (341) 52 30 ZnO

t\;& Ny 3%“ [exS4 (5000 — 2500) ZnO &' Nazoori and Kariminik (2018) du» A& MICY il

s Pas fasSa (5000625 ) ¢ e ZNO I MICH i caadlss Aleaghil et al., (2016) caldl s

(A Sy

3gny A Erythromycin U lgieglias Jiall jaas e MIC b GDEAY) adiay L Aallall duhall gl 4y)lae culs
W3S 55 A€l VL lDLAY) SIS, dgll HEE aas ) call g0 MIC) 1) ded & cDbay)
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Aladll asalaall slagi @llayy el dpadass dalie @lliad Cagu syl gl @ o) 3 (Yamamoto et al., 2001)
.(Aleaghil et al., 2016) a3 450l @B Luel) Al

S opd e daall Glaliadl) s3] daglial) o 3) ZNO - Gl Leiaglia alays Erythromycin I daslaall L p<yl)
B AL Qo J5ty 38 a g sulll Aalal) clisg ) 8 el 13 ofs 30 Adcas ol asusubl) 8 dald UL
.(Cihalova et al., 2015) JuS JS&s (g pl) aoisi o i ¥ Il o g sl dls Lol S ZnO

O Is2as 3 Ansari et al., (2012) caald) duhs J8 (e Lia) cidi) Al duhall 8 MRSAL dllal) 4 sladl)
P s [2384 2000 ) Jeas o)) See MRSA 11 ZnO I MIC

saill bl age dale yiimy 53 Cpagpned) 2Sopm W) ke ZNO Adled i il LN (o yaall )
Gspd i e HoOp we deni il ZN™2 @il i spad & @al 40 ((Yamamoto, 2001) (gl
oe palilly Adall ge Callaall dgles 85 LOAD 4y glal) dplalall Gl giaall capus () oo Jullyy 4dall olde iliss s
o) 4y b3l 2l (Xie et al., 2011) ZnO aglled 505 () s Lae Gpadand) Aalisall 3045 ae Ba)) aan s
Gp sl fud A gag A gl Adlad elliagg LSl b desliad) mial skaiie gy sas NOP A (s e ANy
S Gign sy OMF Giigp ae Jaliy B ZN0O o) s JA) muags AWlA e hydrophilic fluoroquinolones
.( Banoee et al., 2010) 4.l Jals Y quinolones Il 43l ge Jsys

Al diad Jead Aaal) LK o) o Al WA g dale 8yseay 4yglil) (36N Jeli Lgd 2 Al A1 )
GBI Oy BB mlass LIS G ulalineg oS QAlad Gl D ga% L danse dind Jaad diaeal) 2nlSY) Ly
L elie e b Al A8 alsall ABLY clisgyl (-SH) Jsll desene e el Al clig) Gl 450l
.(Zhang and Chen, 2009) “Llall cige  Jills o Laall L3l (jaidy Lae 48K
Erythromycin J) slias g 435U @il galal g5ty 5l Lufy

WS e bl gl @l auhall & axdied)l Erythromycin 3 sbae o a0 56 (6 dsaadl) oo
U MIC Jame o o) pedl Cum canli¥) Al aladinly b Legage 2ie MRSA Gulisdiall 4alidl) S.aureus
aad MIC I ad ol ol cijelal Cum LAk sale 3ygmy (il 38 Adbidal) Lgalaalys 45l 36N clalad) o
asennys Jam [aiSe (156.25 —19.5 ) o canglii M 20 aasy 553l i3l 0S) g o)) e Erythromycin
Gn Lo oodng dliaall MICYH de cul€ a3 Yo [paSa (156.25-39) MICY) 4ed caagli nm 50 5 nm 30
S aws [23a (5000-1250)
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Lyglial) S, aureus gaill e Ao Lgill Y 5iBag Erythromycin ) slias o @l il 16 Jsaad
Ol sy Cplanuiall

MIC Laag 4gill 3B 50 | | ke MIC 4l 30 aa sliaall Ll
) i o | | s
Zno Zno zno | Ted| roled + e el Y
50nm 30nm 20nm | £nO Zn0O ZnO 20nm MIC
50nm 30nm
5000 | 10000 [ 5000 | 1ood | 19420 gy 5000 Erythromycin | 1
10000 | 10000 | 5000 | 52| 68 oz 5000 Erythromycin | 2
5000 | 10000 | 10000 15?(’3?25 3f§’.5 1;2:25 1250 Erythromycin | 3
10000 | 5000 | 5000 126132 ;gﬁg ;gﬁg 5000 Erythromycin | 4
5000 | 10000 | 10000 126132 7381';?S5 738i%?55 2500 Erythromycin | 5
10000 | 10000 | 5000 35’35 3f§.5 7;?1'25 1250 Erythromycin | 6
10000 | 10000 | 10000 738i%?55 15%?25 15%?25 2500 Erythromycin | 7
5000 | 5000 | 5000 ﬁggg ;gﬁg ;gﬁg 5000 Erythromycin | 8
10000 | 5000 | 10000 135fé?55 ;gﬁg 126152 5000 Erythromycin | 9
5000 | 5000 | 5000 igggg ;gﬁg ;gﬁg 5000 Erythromycin | 10
10000 | 10000 | 10000 | o0 | Lo e 2500 Erythromycin | 11
10000 | 10000 | 5000 | 512 59 . 2500 Erythromycin | 12
5000 | 5000 | 10000 | jooZe | 7975 [ 5000 Erythromycin | 13
10000 | 10000 | 10000 | 75225 | % e 2500 Erythromycin | 14

I slas ae 4n3e e MM 150-50 ¢ 30¢ 20 ansy ZNO U MICY ad sl 4yl clizl) (336 dpilly Ll
Gop L caglp osaagd ZnOU MICH a8 Caw [aSe (3125-78.125) o W Erythromycin
S aus [23%a (10000-5000)

LSl s gell) bl an€l ae L3l Ll el dypall claladl o) Bhande et al., (2013) s
Lgall Glaliadlly ZNO o gead) o) 55 A sl glaal) 7 LY Ayssall Cadall Zrasl gl al€Y Ul clags el
& Thati et al., (2010) LWl LS claadl ye oigsll copd M s by @aS) gslal) o Liall 43 (e 23
Bhande oS3 L ae i)y (365 .4 pall labizaal) g ZNO e die S.AUrEUS gsil) pai Janfiil 5l sal) ) 4
Arnlsl) pelSV L Olepil Aaiiad) LS s ZN0 ae Wil Ll cjelsl &gl clabadll ol et al., (2013)
slie e OBl Coud I gany Jalls gslall e Liall L3e e a chladly ZNO G geal) o) Cus okl
L5l ZNO e Az 3 13) pigy Logae (ggall aliaall 50 o) I Juasi WS ¢yl

Gliggy oSar g LS oDl e Ll e e 3y sladdly @) ZNO gw peadl o) Laf iy LS
g Aal (e @l Gy ey ZnO B 45Ul 36 e Erythromycin gl oly sl £)la Gl (e Lyl
V) dad Lmid 8 ZNn0 ae o5all Erythromycin o) a5 g3 Iram et al., (2015) ey 5l sda g Jayfitl) Aalia



el aile shul 5 @ile ali oy 63

Ji e ZnO e Gentamycin g die (g3l Ll e e Jgeanll A .S.aureus (e daslaall YL MIC

I3y Ayl HEA ae Clalizaall ()30 il ) Abo-Shama et al., (2020) i) cadl .Voicu et al., (2013)

1 sz Cefotaxime s Azithromycin « Oxacillin - cilaliad 5,300 Lal0 o) Cam sassl aliaally 43)aa kL

¢ Oxacillin chaladl )3t all G san gl sladl ik 45jlie gl ZNO apas Lasale IS5 Ay E.coli

Zn0 a5 A3y S.aureus LSy s Oxytetracyclin s Chloramphenicol « Cefotaxime « Azithromycin

ansl aladll il 45l gl

Al 8 Lua ) oV Jagding 4,0l A0al) iy Lllail I apm Lyl 6 Aladll L)

labiadlly 75 3aall (sl Sl A€ol o) AR g o (pa g A€l A Gae Ll b blaial (g5 Las dpusdl)

sl paelall pe aleliy LKl Jaby ) ol ZnO Jalas ey Lae ()8l golall laadl Jlas g5y Gysal)
.(Li etal., 2005) 4l 4dall 3,08 pal ) (535 Lea DNA I jUaiil piay

2] lages SIS iy g Madls ALY Ul labine pa palai) die ceilial) Juadl (il Glijll auy) oy

die laday bl Llled o A3ally LSl sabiaall dladll Gpuat] Jlad 4yl 3565 culabiadd) o 00

el dejny sae JlE LSOl deglie ol Jis o Jal e deall clldy oMl B Lealaiia)

.(Hwang et al., 2012)
Ll Jalaall
dagshl Aggall clibiadl Aled o Gyl G paey H3E el aslsn Sl sl L(2015) e olew capS
d.\.a‘}.d\ dxala ceju\ 4,335 sB‘)_;\SJ
diay) alaal)

Abdulrahman, N.B.; Nssaif, Z.M. (2016). Antimicrobial activity of Zinc Oxide, Titanium
Dioxide and Silver Nanoparticles against Mithicillin-Resistant Staphylococcus aureus
isolates. Tikrit J. Pure Sci., 21(3).

Abo-Shama, U.S.; EI-Gendy, H.; Mousa, W.S.A; Hamouda, R.; Yousuf, W.E.; Hetta, H.F.; Abdeen,
E.E. (2020). Synergistic and antagonistic effects of metal nanoparticles in combination
with antibiotics against some reference strains of pathogenic microorganisms. Infection
and Drug Resist., 13, 351-362.

Ahmadi Shadmehri, A.; Namvar, F.; Miri, H.; Yaghmaei, P.; Nakhaei Moghaddam, M. (2019).
Assessment of antioxidant and antibacterial activities of Zinc Oxide nanoparticles,
Graphene and Graphene decorated by Zinc Oxide nanoparticles. International J. Nano
Dimension, 10, 350-358.

Al Ani, ATA.; Al Meany, S.A.A. (2018). Molecular screening of adhesion proteins genes in
staphylococcus aureus strains isolated from different clinical infections in Baghdad city
and identification of their relationship with some virulence factors. J. Al-Nahrain
University. 21(1), 79-89.

Al-Dahbi, AM.; Al-Mathkhury, HJ. (2013). Distribution of methicillin resistant Staphylococcus
aureus in lraqi patients and healthcare workers. Iraqi J. Sci., 54(2), 293-300.

Aleaghil, S.A.; Fattahy, E.; Baei, B.; Saghali, M.; Bagheri, H.; Javid, N.; Ghaemi, E.A. (2016).
Antibacterial activity of Zinc oxide nanoparticles on Staphylococcus aureus. Internat. J.
Advanced Biotechnol. and Research, 7, 1569-1575.

Al-Geobory, H.A.H. (2011). Comparative study between Methicillin resistant Staphylococcus
aureus (MRSA) and Methicillin sensitive Staphylococcus aureus (MSSA), and detect the



64 sl almally Ayl iyl Galaal (g5 st

antimicrobial effects of some plant extracts on them. Msc. Thesis. College of Science,
Baghdad University, Iraq.

Ansari, MA.; Khan, HM.; Khan, AA.; Sultan, A.; Azam, A. (2012). Characterization of clinical
strains of MSSA,MRSA and MRSE isolated from skin and soft tissue infections and the
antibacterial activity of ZnO nanoparticles. World J. Microbiol. Biotechnol., 28(4), 1605-
1613.

Asanin, J.; Misic, D.; Aksentijevic, K.; Tambur, Z.; Rakonjac, B.; Kovacevic, I.; Spergser, J.;
Loncaric, 1. (2019). Genetic profiling and comparison of human and animal Methicillin-
resistant Staphylococcus aureus (MRSA) isolates from Serbia. Antibiotics., 8, 26.
doi:10.3390/antibiotics8010026

Banoee, M.; Seif, S.; Nazari, Z.E.; Jafari-Fesharaki, P.; Shahverdi, H.R.; Moballegh, A.;
Moghaddam, K. M.; Shahverdi, A.R. (2010). ZnO Nanoparticles enhanced antibacterial
activity of ciprofloxacin against Staphylococcus aureus and Escherichia coli. J. Biomed.
Mater. Research, 93, 557-561.

Bauer, AW.; Kirby, M.M.; Sherris, J.C.; Turck, M. (1966). Antibiotic susceptibility testing by
standardized single disc method. American J. Clinical Pathol., 45(4), 493-496.

Bhande, R.M.; Khobragade, C.N.; Mane, R.S.; Bhande, S. (2013). Synergism of antibiotic with zinc
oxide nanoparticle against extended spectrum B-lactamase producers implicated in urinary
tract infections. J. Nanoparticle Research, 15, 1413-1417.

Bouchiat, C.; El-Zeenni, N.; Chakrakodi, B.; Nagaraj, S.; Arakere, G.; Etienne, J. (2015).
Epidemiology of Staphylococcus aureus in Bangalore, India: emergence of the ST217
clone and high rate of resistance to Erythromycin and Ciprofloxacin in the community.
New Microbes and New Infections, 7,15-20.

Chen, B.J.; Xie, X.Y.; Ni, L.J.; Dai, X.L.; Lu, Y.; Wu, X.Q.; Li, H.Y.; Yao, Y.D. ; Huanget, S.Y.
(2017). Factors associated with Staphylococcus aureus nasal carriage and molecular
characteristics among the general population at a Medical College Campus in Guangzhou,
South China. Annals Clin. Microbiol. Antimicrob., 16(28),1-10.

Cho, W.S.; Duffin, R.; Howie, S.E.; Scotton, C.J.; Wallace, W.A.; Macnee, W.; Bradley, M.;
Megson, I.L.; Donaldson, K. (2011). Progressive severe lung injury by zinc oxide
nanoparticles, the role of Zn®* dissolution inside lysosomes. Part Fibre. Toxicol., 8,27.

Cihalova, K.; Chudobova, D.; Michalek, P.; Moulick, A.; Guran, R.; Kopel, P.; Vojtech, A.; Rene,
K. (2015). Staphylococcus aureus and MRSA Growth and Biofilm Formation after
Treatment with Antibiotics and SeNPs. International J. Molecular Sci., 16, 24656-24672.
d0i:10.3390/ijms161024656.

Clinical and Laboratory Standards Institute, CLSI (2019). “Performance Standards for
Antimicrobial Susceptibility Testing”. 29" ed. CLSI supplement M100., pp. 42-45,58-67.

Collee, J.G.; Fraser, A.G.; Marmion, B.P.; Simmon, S.A. (1996). “Mackie and McCartney Practical
Medical Microbiology”. 14" ed. Churchill Livingston, U.S.A.

Dezfulian, A.; Aslani, MM.; Oskoui, M. (2011). Identification and characterization of a high
Vancomycin resistant Staphylococcus aureus harboring VanA gene cluster isolated from
diabetic foot ulcer. Iranian J. Medical Sci., 15(2), 803-806.

Duran, N.; Ozer, B.; Duran G. G.; Onlen, Y.; Demir, C. (2012). Antibiotic resistance genes and
susceptibility patterns in Staphylococci. Indian J. Medical Research,135(3), 389-396.

Ekrami, A.; Samarbafzadeh, A.R.; Alavi, M.; Kalantar, E.; Hamzeloi, F. (2010). Prevalence of
methicillin resistant Staphylococcus sp. isolated from burn patients in a burn center,
Ahvaz, Iran. Jundishapur J. Microbiol., 3, 84-91.

Fayaz, A.M.; Balaji, K.; Girilal, M.; Yadav, R.; Kalaichelvan, PT.; Venketesan, R. (2010). Biogenic
synthesis of silver nanoparticles and their synergistic effect with antibiotics: a study against
gram-positive and gram-negative  bacteria. Nanomedicine, 6(1),103-9. doi:
10.1016/j.nano.2009.04.006.


https://pubmed.ncbi.nlm.nih.gov/?term=Nagaraj+S&cauthor_id=26110062
https://pubmed.ncbi.nlm.nih.gov/?term=Arakere+G&cauthor_id=26110062
https://pubmed.ncbi.nlm.nih.gov/?term=Etienne+J&cauthor_id=26110062
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dai%20XL%5BAuthor%5D&cauthor=true&cauthor_uid=28399856
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28399856
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20XQ%5BAuthor%5D&cauthor=true&cauthor_uid=28399856
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20HY%5BAuthor%5D&cauthor=true&cauthor_uid=28399856
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yao%20YD%5BAuthor%5D&cauthor=true&cauthor_uid=28399856
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=28399856

el aile shul 5 @ile ali oy 65

Goudarzi, G.; Tahmasbi, F.; Anbari, K.; Ghafarzadeh, M. (2016). Distribution of genes encoding
resistance to macrolides among staphylococci isolated from the nasal cavity of hospital
employees in Khorramabad, Iran. Iranian Red Crescent Med. J., 18, 25701.

Hajipour, M.J.; Fromm, K.M.; Ashkarran, A.A.; Aberasturi, D.J.; Larramendi, L.R.; Rojo, T.;
Serpooshan, V.; Parak, WJ.; Mahmoudi, M. (2012). Antibacterial properties of
nanoparticles. Trends in Biotechnol., 30(10), 499-511.

Hwang, I-S.; Hwang, JH.; Choi, H.; Kim, K-J.; Lee, DG. (2012). Synergistic effects between silver
nanoparticles and antibiotics and the mechanisms involved. J. Med. Microbiol., 61(12),
1719-1726.

Iram, S.; Nadhma, A.; Akhtar, N.; Hameed, A.; Zulfigarand, Z.; Yameen, A.M. (2015). Potential
efficacy of antibiotic conjugates with zinc oxide nanoparticles against clinical isolates of
Staphylococcus aureus. Digest J. Nanomater. Biostruct., 10, 901-914.

Kandala, NJ.; Abdulateef, A.; Imad, N. (2017). Genotyping of Staphylococcus aureus Isolated
Based on Methicillin —Resistant Genes and its relatedness to some putative virulence
factors. Iraqi J. Sci., 58(2A), 626-638.

Kolatf, M.; Bardon, J.; Hanulik, V.; Sauer, P.; Babak, V.; Schlegelov4, J. (2010). Resistance to
methicillin in coagulase-negative Staphylococci and its detection. Acta Veterinaria Brno,
79, 261-267.

Kotodziejczak-Radzimska, A.; Jesionowski, T. (2014). Zinc oxide - from synthesis to application: a
review. Materials, 7, 2833-2881.

Kuroda, M.; Kuwahara-Arai, K.; Hiramatsu, K. (2000). Identification of the up and down-regulated
genes in vancomyecin-resistant Staphylococcus aureus strains Mu3 and Mu50 by cDNA
differential hybridization method. Biochem. Biophys. Research Communicat., 269, 485-
490.

Li, P.; Li, J.; Wu, C.; Wu, Q.; Li, J. (2005). Synergistic antibacterial effects of B-lactam antibiotic
combined with silver nanoparticles. Institute of Physics Publishing Nanotechnol., 16,1912—
1917.

Maruthupandy, M.; Anand, M.; Maduraiveeran, G.; Suresh, S.; Beevil, A.S.; Priyal, R.J. (2016).
Investigation on the electrical conductivity of ZnO nanoparticles-decorated bacterial
nanowires. Advances in Natural Sci., 7(9), 045011.

McDonald, RR.; Antonishyn, NA.; Hansen, T.; Snook, LA.; Nagle, E.; Mulvey, MR.; Levett, PN.;
Horsman, GB. (2005). Development of a triplex real-time PCR assay for detection of
Panton-Valentine leukocidin toxin genes in clinical isolates of methicillin-resistant
Staphylococcus aureus. J. Clinical Microbiol., 43(12), 6147-6149. doi:10.1128/JCM .43
12.6147-6149.

Meyer, F.; Girardot, R.; Piemont, Y.; Prévost, G. ; Colin, DA .(2009). Analysis of the specificity of
Panton-Valentine  leucocidin  and gamma-hemolysin  F  component binding.
Infection and Immunity, 77(1), 266-273.

Mohammed, LS.; Flayyih, MT. (2017). Patterns of Phenotypic and Genotypic resistance to
macrolides, Lincosamides and Streptogramins Group of antibiotics by Efflux Pump and
enzymatic modification in Methicillin resistant Staphylococcus aureus. lragi J. Sci.,
58(2B), 815-819.

Nazooril, E.S.; Kariminikl, A. (2018). In Vitro evaluation of antibacterial properties of Zinc Oxide
nanoparticles on pathogenic prokaryotes. J. Appl. Biotechnol. Reports, 5(4), 162-165.

Pati, R.; Mehta, RK.; Mohanty, S.; Padhi, A.; Sengupta, M.; Vaseeharan, B.; Goswami, C.;
Sonawane, A. (2014). Topical application of zinc oxide nanoparticles reduces bacterial
skin infection in mice and exhibits antibacterial activity by inducing oxidative stress
response and cell membrane disintegration in macrophages. Nanomedic., 10,1195-1208.


https://pubmed.ncbi.nlm.nih.gov/?term=Jimenez+de+Aberasturi+D&cauthor_id=22884769
https://pubmed.ncbi.nlm.nih.gov/?term=de+Larramendi+IR&cauthor_id=22884769
https://pubmed.ncbi.nlm.nih.gov/?term=Rojo+T&cauthor_id=22884769
https://pubmed.ncbi.nlm.nih.gov/?term=Serpooshan+V&cauthor_id=22884769
https://pubmed.ncbi.nlm.nih.gov/?term=Parak+WJ&cauthor_id=22884769
https://pubmed.ncbi.nlm.nih.gov/?term=Mahmoudi+M&cauthor_id=22884769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pr%26%23x000e9%3Bvost%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18838523
https://www.ncbi.nlm.nih.gov/pubmed/?term=Colin%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=18838523

66 sl almally Ayl iyl Galaal (g5 st

Peck, K. R.; Baek, J. Y.; Song, J-H.; Ko, K. S. (2009). Comparison of genotypes and enterotoxin
genes between Staphylococcus aureus isolates from blood and nasal colonizers in Korean
hospitals. J. Korean Medical Sci., 24, 585-591.

Rao, KA.; Deepa, S.; Venkatsha, D. (2014). Screening for nasal colonizer: Mandatory to prevent
surgical site infections. International J. Scientif. Study, 2(5), 1-5.

Reddy, P.N.; Srirama, K.; Dirisala, V.R. (2017). An update on clinical burden, diagnostic tools, and
therapeutic options of Staphylococcus aureus. Infectious Diseases: Research and
Treatment, 10, 1-15.

Saginur, R.; Denis, M.S.; Ferris, W.; Aron, S.D.; Chan, F.; Lee, C.; Ramotar, K. (2006). Multiple
combination bactericidal testing of Staphylococcal biofilms from implant-associated
infections. Antimicrobial. Agents and Chemotherapy, 50(1), 55-61.

Salih, R.M.H.; Rafig, S.N.; Hamed, P.A. (2017). Vancomycin resistance among Methicillin
resistant Staphylococcus aureus isolated from clinical samples in Erbil City, Irag. Kirkuk
University J. \Scientific Studies. (KUJSS), 12(2),1-14.

Siddigi, K.S.; Rahman, A.U.; Tajuddin; Husen, A. (2018). Properties of Zinc Oxide nanoparticles
and their activity against microbes. Nanoscale Research Letters, 13,141.

Slomberg, DL.; Lu, Y.; Broadnax, AD.; Hunter, RA.; Carpenter, AW.; Schoenfisch, MH. (2013).
Role of size and shape on biofilm eradication for nitric oxide-releasing silica nanoparticles.
ACS Applied Materials Interface., 5(19), 9322-9329.

Stefanie, H.; Gallert, C. (2014). Demonstration of staphylococci with inducible macrolide—
lincosamide—streptogramin B (MLSB) resistance in sewage and river water and of the
capacity of anhydroerythromycin to induce MLS. FEMS Microbiol. Ecol., 88(1), 48-59.
doi.org/10.1111/1574-6941.12268

Talebi, G.; Hashemia, A.; Goudarzi, H.; Shariati, A.; Bostanghadiri, N.; Sharahi, J.Y.; Abbsi, E.
(2019). Survey of ermA, ermB, ermC and mecA genes among Staphylococcus aureus
isolates isolated from patients admitted to hospitals in Tehran, Iran by PCR and
sequencing. Biomedical Research, 30.

Thati, V.; Roy, AS.; AmbikaPrasad, M.V.N.; Shivannavar, C.T.; Gaddad, S.M. (2010).
Nanostructured zinc oxide enhances the activity of antibiotics against Staphylococcus
aureus . J. Bio Sci. and Biotechnol.,1(2), 64-69.

Tille, PM. (2017). “Baily and Scott's Diagnostic Microbiology”.14™ ed. St. Louis, Missouri:
Elsevier.

Tong, S.Y.; Davis, J.S.; Eichenberger, E.; Holland, T.L.; Fowler, V.G. (2015). Staphylococcus
aureus infections: Epidemiology, path physiology, clinical manifestations and
management. Clinical Microbiol. Reviews, 28(3), 603-661.

Tortora, G.J.; Funke, R.; Case, C.L. (2018). “Microbiology: an Introduction”.13" ed. Pearson
Education, Inc. U.S.

Tskaris, A.; Papadimition, E.; Douboyas, J.; Stylianopoulou, F.; Manolis, A. (2002). Emergency of
vancomycin intermediate Staphylococcus sciuri, Greece. Emerging Infectious Diseases, 8
(5), 536-537.

Voicu, G.; Opera, O.; Vasile, B.S.; Andronescu, E. (2013). Antibacterial activity of zinc oxide—
gentamicin hybrid material. Digest J. Nanomater. and Biostruct., 8,1191-1203.

Wang, C.; Lu, J.; Zhou, L.; Li, J.; Xu, J.; Li, W.; Zhang, L.; Zhong, X.; Wang, T. (2016). Effects of
long-term exposure to zinc oxide nanoparticles on development, zinc metabolism and
biodistribution of minerals (Zn, Fe, Cu, Mn) in mice. PLoS One., 11: 0164434,

Winn, W.; Allen, S.; Janda, W.; Koneman, E.; Procop, G.; Schreckenberger, P.; Woods, G. (2006).
“Koneman's Color Atlas and Textbook of Diagnostic Microbiology”. 6" ed., Lippincott,
Williams and Wilkins.


https://doi.org/10.1111/1574-6941.12268

el aile shul 5 @ile ali oy 67

Xie, Y.; He, Y.; Irwin, P.L.; Jin, T.; Shi, X. (2011). Antibacterial activity and mechanism of action
of zinc oxide nanoparticles against Campylobacter jejuni. Applied and Environm.
Microbiol., 77(7), 2325-2331.

Yamamoto O. (2001). Influence of particle size on the antibacterial activity of Zinc oxide. Internat.
J. Inorganic Mater., 3(7), 643-646.

Yamamoto, O.; Komatsu, M.; Sawali, J.; Nakagawa, Z.E. (2004). Effect of lattice constant of zinc
oxide on antibacterial characteristics. J. Mater. Sci.: Mater. in Medic., 15, 847-851

Zhang, H.; Chen, G. (2009). Potent antibacterial activities of Ag/TiO, Nan composite powders
synthesized by a One-Pot Sol-Gel method. Environmental Sci. Technol., 43(8), 2905-2910.

Zhang, L.; Jiang, Y.; Ding, Y.; Povey, M.; York, D. (2007). Investigation into the antibacterial
behavior of suspensions of ZnO nanoparticles (ZnO nanofluids). J. Nanopart. Research,
9(3), 479-4809.

Synergistic Effect of Zinc Oxide Nanoparticles and Erythromycin on Methicillin
Resistant Staphylococcus aureus Isolated from Different Infections

Reyam Th. Ghazi Essra Gh. Alsammak
Department of Biology/ College of Science/ University of Mosul

ABSTRACT
One hundred and Twenty (120) samples were collected from various pathogenic sources
(wounds, abscesses, urinary tract infections and blood samples) for the period from September 2019
to December 2019 from Al Salam and Al-Khansa Hospitals and the Public Health Laboratory in

Mosul city.

Samples were cultured on Mannitol Salt Agar medium; 105 samples showed a positive result.
50 isolates fermented mannitol sugar, at a rate of 47.6% depending on the phenotypic characteristics
and production of Coagulase, 14 isolates were identified, at a rate of 13.3%, belonging to
Staphylococcus aureus the diagnosis were confirmed using VITEK system. The highest isolation
rate from wounds was 57%, then abscesses 21%, blood samples 14%, and urinary tract infections

7%. The sensitivity of the isolates was tested for 16 antibiotics, the isolates showed variation in

their resistance to antibiotics. Most of the isolates showed high resistance at 92.8% to Oxacillin,
with a resistance rate of 85.7% for Erythromycin. The minimum inhibitory concentration (MIC) of
Erythromycin was determined and ranged between (1250-5000) mg / cm3. The minimum inhibitory
concentration of ZnO nanoparticles was determined at different sizes (30,20, 50-150) nm and
ranged between (5000-10000) mg / cm3 for all isolates. The results of the study showed a
synergistic effect of Erythromycin with zinc nanoparticles and with good efficacy by inhibiting the
bacterial growth of antibiotic-resistant strains as the MIC value of Erythromycin decreased from
(1250-5000) mg / cm3 to (19.5-156.25) mg / cm3 when mixed with ZnO nanoparticles are 20 nm.
Meanwhile, the MIC value of ZnO nanoparticles decreased from (30,20, 50-150) nm from (5000-
10000) mg / cm3 to (78.125-312.5) mg / cm3 when mixed with Erythromycin.

Keywords: Coagulase, Zinc oxide, VITEK.
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