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Abstract:

Background: Staphylococci are considered clinically one of the most important pathogens
causes pneumonia, meningitis, boils, arthritis and osteomyelitis. As well as keratitis and
urinary tract infections. Emergence of resistant strains of Staphylococcus for a wide range of
antibiotics considered a major dilemma leading to failure of infections treatment. The famous
example is Methicillin Resistant Staph aureus (MRSA). Meropenem is one of the carbapenem
antimicrobials acts through inhibiting bacterial cell wall synthesis. Gentamicin is one of
aminoglycosides group act through inhibiting of direct primarily bacterial protein synthesis.
Aim of this study is to evaluate the effect of meropenem alone and in combination with
gentamicin on Staphylococci to determine the efficacy of combination of meropenem and
gentamicin on prevention the emergence of resistant Staphylococcus. Materials and methods:
fifty Samples collected by culturing urine samples and scraping infected cornea of patients
attained to Al-Kadhimia and Ibn-Al Haitham eye hospitals for period between April to
September/2011,identification of staphylococcus depend on morphological tests using gram's
stain smears and colonies morphology , biochemical tests including and API staph system.
The disc diffusion method was used to test the antibiotic sensitivity of the isolates. Broth
dilution method was used to determine the minimum inhibitory concentration (MIC) of
Meropenem, Gentamicin, and their combinations. Fractional inhibitory concentration (FIC)
values were used to assess the synergism between meropenem and gentamicin. Two isolates
(Staph. aureus and Staph. epidermidis) was cultivate in 1/4 MIC of meropenem and
gentamicin for 18 hours and repeating this step for consequent seven times. After the 7th
passage the new MIC value of Meropenem and gentamicin for these two isolates were
measured. Results: Staphylococcus species was 13 of all isolates (26 %). Percentage of
resistance for the tested antibiotics were Bacitracin 15 % ; : Trimethoprim 30.7 ; Kanamycin
61% ; Vancomycin 30.7 ; Cephalexine 46% ; Chloromphenicol 23 % ; Streptomycin 23 % ;
Rifampicin 7.7 % ; Ciprofloxacin 23 % ; Gentamicin 46 % ; Meropenem 15.3 %; Oxacillin
7.7 %. MIC values for meropenem were 0.5- 4 ug/ml for sensitive isolates (84.7 %) and 9-12
pg/ml for resistant isolates (15.3 %), while for gentamicin 2-4 pg/ml for sensitive isolates (54
%) and 24-50 pg/ml for resistant isolates (46 % ). FIC values for three isolates were 2 ( no
effect for combination) while the values were 0.5 (synergistic effect ) for 11 isolates. Passing
Staphylococci in 1/4 MIC for seven days increase the MIC values for meropenem from 2
pg/ml to >250 pg/ml in Staph aureus and from 4 pg/ml to >250 pg/ml in Staph epidermidis,
and for gentamicin from 6 pug/ml to >250 pg/ml in Staph aureus and from 4 pg/ml to >250
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pg/ml in Staph epidermidis. The results of this study revealed the synergistic activity of
combinations of meropenem and gentamicin on Staph aureus and Staph epidermidis, even
with sub-inhibitory concentration (1/4 + 1/4; 1/2 + 1/2). Such combinations will reduce
prevalence of resistance and improve therapeutic outcomes and may prevent the development
of resistance.

158 Ly b 4 gaall Cilaliaal) da glia ¢ giid SIS 8 Cpplaliiad) g ania g saall g da 2
RN A Al o ¢ dagliall Alle 453 gliall il ) gSall

R
Gl (alalSl 0 eil) daala cakal) 00S (A o Al ?ms

sdadAal)

el 5 &0 i s 88 1 9 M e Apda el el sl aal (e Ban) 5 A0 siiall ) Sl e ;A jall Al
Ol A sl ) 538 e A5 gl ) ABLaWl alaal) 85 lgll 5 Jualiall il 5 Jalaall 5 dpeLaall dpie V)
ol ZOe Jd8 ) ga A ) Aliana 2y 4 sl Gilabiaall (o K1 3 g@iall ) ) Sall (e daglia yie o g3
O aise syl OF L (MRSA ) Claniall degliall 43l 430 stiadl <l 5Sall a0 Gl o3 JUall 5 ¢ adil jally
5 Sl KOS s1aY) Ao gana (o Galaliiadly ¢ dgagisadl A laa BdaS byl dery 5 arinl S de sane
R EN P PR TPV Y PN Jgh R W 1 T SV S U R N S PRI TIEN R g D
Gobs ol sall Uy & ) da i) ¢ s aie 8 g sl Alad ppanil da glial) ) Sl Y e e Cppaadaliiall
Lsaaly ol (el (e Anedall il e cihadS 5 o Glie g Aagine e 50 Cren el
Gl sSall Gapaiin aaiel | 2011 / Jsbl (A Gl (e 3aall () saadl il Wil ol e 5 4Kl adi
Laaiall 4 g gaSll a sandl) S 5 4 5 pal) Ol periasall JS35 5 6l S drsa 5 LISA (o gl o 430 il
5 ¢ Agsaall Clibiadll daegioall Yl JUERY due gisal) Glabaadl pal g cuwasiud | AP Staph System
¢ sl (3 all (ot A8 Hla Craxdind Legilag o s Gpaliiadl 5 i yall (MIC) () Jadiall 38 5l pasl
@ edloall et il JLEaY 5 Galadl Gl e 3 S il (FIC ) (e sioadl dafil) i aaie] Laiy
S5l 1/4 2 Staph epidermidis s Staph aureus 4w séiall &l ) Sl (e (e sig 55 MIC 00 3S) 5
M}L@_\Adg:’\.cb 183“}&\}&&\}@.&]&)}\ J)SSJL»\JJ\ &)m}‘xugﬁw\wdﬁ@dy‘m‘
O (e 13) 26% a0 saiall ) oSall At il i) cppaliaall AT 3008l MIC sl (i o3 adbad) o il
30.7% e _n el il 5 1590 (s pianslll: YIS dia ganiall labimall Zasliall A () 25 5 (el Y )
23% (enbasiog il g 23% JsSaide ) sll g 46% peSllidl 3 30.7% Caenle SEN g 6190 el
OS5 . 7.7% CleulaS 5915 15.30% astiar 5 yaall 5 4696 Oalaliiall 5 2300 (S 518 5 jandl 5 7.7% Gamasalia S
Ao gliall Y sl s dball Y 5all (84.7%) dsnis Jo/pl e 5 Sie 4 - 0.5 s s saall oY) i) S il
4 — 2 dubuall giallal oY) hid) 38 5l IS8 Cuelalindl | (15.39%) 4ty Jo/pl e 5 Sie 12 -9 2a s
Lol e o8 Sy (469%) Aedidl il Qof ol 5 Sie 50 <24 5 (54%) Ay Ja / a) 2 s S
FIC daf sy Laiys Led (3l Ll ol lalicad) 2 3l 05l 31 2 4 laall dle Y e O (FIC) (oo 58 a))
e dapd YV Ladial) 58 5 1/4 8 Sl afil ja gl e gl (00U L) e sode 1Y 0.5
\elog oSl d e 5de/al 25,8250 < (M de\ alg 55802 (e aain s all MIC A 8 520 ) Al
s iy Nl e Staph epidermidis J's  Staph aureus J) ¢ JS1 da \ ol e 5 80k 250 < I e
JSda\ al e 580k 250 < (Y de\ al e 508 4 (105 250 < (A da\ alse 5080 6 (0 MIC ) (aslaiind)
el "L, LAl A Hall sl il @ ekl | sl e Staph epidermidis J)s Staph aureus J ¢
(MIC 1/2 +1/2 , 1/4 A3V Lafiall 38 50 e JB 580 iy duasiiall il oSall e Cplaiiall g axin 5 jall
23¢d e i pal) A gliall ) shai pians Lay s (el @l a5 A gl At o Jlas g 3all 128 Jia s +1/4)

Calalizadll

Introduction:
Staphylococci are considered clinically micrococacea family where its pathogenic
one of the most important genera of effect mainly associated with the toxins
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that it produces. It has been found to be the
causative agent of pneumonia, meningitis,

boils, arthritis and osteomyelitis. (1)
Emergence of resistant strains  of
Staphylococcus for a wide range of

antibiotics considered a major dilemma
leading to failure of infections treatment
(2). The famous example is Methicillin
Resistant Staph aureus (MRSA) (2).
Meropenem is one of the carbapenem
antimicrobials act through inhibiting
bacterial cell wall synthesis (3)
Gentamicin is one of aminoglycosides
group act through inhibiting of direct
primarily bacterial protein synthesis (4).
Aim of this study is to evaluate
Meropenem alone and in combination with
Gentamicin on Staphylococci to determine
the efficacy of combination of Meropenem
and Gentamicin on prevention of
emergence of resistance Staphylococcus
aureus and Staphylococcus epidermis
isolated from cases of keratitis and other
UTI of patients attainted to AL-Kadhimia
and Ibn Al-Haitham eye hospital in
Baghdad city.

Materials and methods:

Fifty Samples collected by culturing
urine samples and scraping infected
cornea of patients attained to Al-Kadhimia
and Ibn-Al Haitham eye hospitals for
period between April to September / 2011.
Identification of staphylococcus depend on
morphological tests using gram's stain
smears and colonies morphology on brain
heart infusion agar (5) , biochemical tests
including (catalase test , coagulase test ,
growth on mannitol salt agar) (6) and API
staph system ( Biomeriux company 2003).
(7).

-Susceptibility testing:

The disc diffusion method was used to
test the antibiotic sensitivity of the
isolates(6) using the following antibiotic
discs {Bioanalyse - turkey} (Kanamycin,
Cephalexine, Vancomycin, Trimetheprim,
Chloramphenicol, Streptomycin,
Gentamicin, Ciprofloxacin, Bacitracin,
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Imipenem, Rifampicin and Oxacillin)
where bacterial solution adjusted with
McFarland solution number 0.5 and
Muller-Hinton agar{oxoid- England } used
as a media.

Agar dilution method was used to

determine  the  minimum inhibitory
concentration (MIC) of  (Meropenem,
Gentamicin, and the combinations of

meropenem with Gentamicin in different
ratios) by using McFarland solution
number 0.5 as a standard inoculums and
brain heart infusion agar as a bacterial
media(8).
-Fractional
(FIC) values:
FIC values was used to assess the
synergism  between Meropenem and
Gentamicin which calculated from
determination the MIC for each agent
before and after combinations using the
following equation: FIC = (MIC of
Meropenem in combination/ MIC of
Meropenem alone )+ (MIC of Gentamicin
in combination / MIC of Gentamicin
alone) synergism was defined as an FIC
index of 0.5, indifference was defined as
FIC index > 0.5 to 4, antagonism was
defined as an FIC index >4 (9) .
-Determination  the significance of

inhibitory  concentration

development of staphylococcal spp.
resistance to the Meropenem:
Two isolates selected, one was

Staphylococcus aureus and the other was
Staphylococcus epidermis and the MIC
value of meropenem and gentamicin for
each isolate determined. Then each isolate
was cultivate in quarter MIC of
meropenem and gentamicin for 18 hours
and repeating this step for consequent
seven times. After the 7th passage the new
MIC values of Meropenem and gentamicin
for these two isolates were measured.

Results:

Fifty isolates collected form infected
keratitis in lbn Al Haitham eye hospital
and Al-Kadhimia hospital in Baghdad form
both genders for period between April to
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September/2011, staphylococcus species was 13 of all isolates.

Table (1): Types of Staphylococcus isolates.

Isolate No. Type of Isolate No. Type of
staphylococcus staphylococcus

1 Staph. 8 Staph. aureus
epidermids

2 Staph. 9 Staph.
epidermids epidermids

3 Staph. 10 Staph. aureus
epidermids

4 Staph. aureus 11 Staph.

epidermids

5 Staph. 12 Staph.
epidermids epidermids

6 Staph. 13 Staph.
epidermids epidermids

7 Staph.
epidermids

The percentage of resistance of Staphylococcus isolates to different antibiotics were assisted
by antibiotic disc diffusion method ( table 2).

Table (2) : Percentage of resistance of staphylococcus isolates to different antibiotics.

Isolates No. Types of antibiotics
B | TMB | K VA CL| C| S |RA|CIPICN|MPM| OX
1 R R R R R S| S R R R R S
2 I S R I R S I S R R R S
3 I R R S R I S S R R S S
4 I S R I R R I S S I S S
5 R S R S S S I S I S S S
6 I S S R S S I S S R S S
7 I S S R S R | S S I S S S
8 S S S R S S| S S I R S S
9 I R R I R I R| S S S S S
10 I S R S I I R | S S I S R
11 S S I S I S I S S S S S
12 I R S S R S| S S I R S S
13 I S R I I R | R S S S S S
% of 15| 307 | 61 | 307% | 46 |23 |23 |77 | 23 | 46 | 1563 | 7.7%
resistance % % % % | % | % | % % | % %

Whereas R= resistant, I= intermediate, S= sensitive according to NCCLS 1993
B: Bacitracin ; TMB: Trimethoprim ; K: Kanamycin ; VA: Vancomycin ; CL: Cephalexine
C : Chloromphenicol ; S : Streptomycin ; RA: Rifampicin ; CIP: Ciprofloxacin ;
CN : Gentamicin ; MPM : Meropenem ; OX : Oxacillin
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MIC values of Meropenem and Gentamicin for Staph. isolates were measured (table 3).

Table (3) : MICs of meropenem and Gentamicin for Staph. Isolates.

S= sensitive, R= resist, I= intermediate according to MIC break points where [gentamicin

MIC w/ml
Isolates No. —
Meropenem Gentamicin

1 12 (R) 50 (R)

2 9 (R) 50 (R)

3 1(S) 50 (R)

4 2 (S) 6 ()

5 4 (S) 4 (S)

6 0.5 (S) 38 (R)

7 2 (S) 4 (S)

8 4 (S) 24 (R)

9 2 (S) 2 (S)

10 1.0 (S) 6 ()

11 4(S) 2 (S)

12 4(S) 30 (R)

13 4(S) 4 (S)

%of 15.3 % 46%

resistance

S<4, R>8; Meropenem S<4, R>8] (NCCLS, 2003).

Fractional inhibitory concentrations (FIC) of combination of Meropenem with gentamicin

was assisted by culturing Staph. isolates in three combinations (table 4).

Table (4) : Fractional inhibitory concentration (FIC) of combinations of meropenem and

gentamicin.

Isolates No.

Effect of different combinations of Meropenem

with gentamicin

Yo+ MIC

YatYa MIC

Vet MIC

FIC values

N

+ |+ |+

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

el =
SIRIBEIB|lolo|No|jasw(iNe

A N S N A N RN R

0.5
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MIC values of meropenem and gentamicin for isolates of staphylococcus before and after

exposure to quarter MIC of meropenem for 7 days were measured.

Table (5): Effect of passing staphylococci in 1/4 MIC for seven days.

MIC value in (ug/ml) after the
Staphylococcal | Initial MIC values in (ug/ml) | 'O 93 Of&‘I'(t:“””g in 1/4
Isolates
Meropenem gentamicin Meropenem Gentamicin
Staph aureus 2 6 >250 >250
Staph. 4 4 >250 ~250
epidermis
Discussion:

The results of this study revealed that
staphylococcus resemble a considerable
percentage of causative agents of keratitis
and UTI (26 %) (table 1). This relatively
high percentage may attributed to the
presence of Staphylococcus as a part of
body normal flora which can cause
opportunistic infection (10) , and it has
many surface antigens, toxins, enzymes,
which facilitate its invasion of body tissue
and causing infection(11) .

The antibiotic disc sensitivity results
(table 2 ) show that most isolates were
found resistant to multiple antibiotics
which had different mechanisms of action
and these results were in agreement with
that found by other researchers. (12,13)
The high percentage of the antibiotic
resistance probably be due to different
mechanisms, like enzymes inactivation of
antibiotics, alteration of target receptor
sites, reduction of influx and increasing of
efflux mechanisms. (12) Although many
research work illustrated the higher activity
of meropenem (and carbapenem group)
against different types of bacteria (14), a
considerable percentage resistant
staphylococci isolates for meropenem were
found in this study. This resistance could
be attributed to three mechanisms
reduced permeability, efflux, and synthesis
of carbapenem f-lactamases (15) . The
results of this study were in agreement
with other researches (16) in which they
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found that the percentage of resistant
staphylococci to gentamicin was 45 %,
That could be attributed to the extensive
and frequent use of this antibiotic in
inappropriate  way, where antibiotic
resistance is a function of drug exposure
and can be acquired through numerous
mechanisms. (17)

Minimum  Inhibitory  concentration
(MIC) of each meropenem and gentamicin
for each isolate were measured (table 3),
FIC values were determined for
combinations of (1/2 +1/2; 1/4 + 1/4 ; 1/8
+ 1/8 MIC ) ( table 4). The two antibiotics
showing 77 % of synergism in
combinations ( 1/2 +1/2 ; 1/4 +1/4 ), while
no effect was noticed for ( 1/8 + 1/8 )
combinations. This synergism may be
attributed to the mode of action of
meropenem on the cell wall of bacteria that
facilitate the entrance of gentamicin into
the bacterial cell and overcome the
resistance mechanism. These results were
in agreement with other research results.
(18)

Culturing the bacterial isolates in media
containing sub-inhibitory concentration of
certain antibiotic (1/4 MIC for several
passages) provoked multiplying bacterial
cell to develop the resistance mechanisms
against that antibiotic (table 5), this may be
a simulation of the inappropriate
administration of antibiotics and the abuse
of antibiotic use, especially in Iraq since
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anyone could buy antibiotics without
prescription and those which prescribed are
mostly without antibiotic sensitivity test .
The results of this study revealed the
synergistic activity of combinations of
meropenem and gentamicin, even with
sub-inhibitory concentration ( 1/4 + 1/4 ;
1/2 + 1/2 ). This is important, since the
activity of these antibiotics were improved
against sensitive, resistant, and multidrug
resistant staphylococcal isolates. Such
combinations will reduce prevalence of
resistance and improve therapeutic
outcomes and may prevent the
development of resistance. (19)
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