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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 µg/ml for sensitive isolates (84.7 %) and  9-12 

µg/ml for resistant isolates (15.3 %), while for gentamicin 2-4 µg/ml for sensitive isolates (54 

%)  and  24-50 µg/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 

µg/ml to >250 µg/ml in Staph aureus and from 4 µg/ml to >250 µg/ml   in Staph epidermidis, 

and for gentamicin from 6 µg/ml to >250 µg/ml   in Staph aureus and from 4 µg/ml to >250 
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µg/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. 

 

دور مزيج الميروبينيم و الجنحامايسين في جقليل نشوء مقاومة المضادات الحيوية في بعض أنواع 

 المكورات العنقودية عالية المقاومة ، دراسة في الزجاج

 

 ػثذ ػثذ انكشٚى حًٛذ
 

 ح انطة، خايؼح انُٓشٍٚ، انكاظًٛح، انؼشاقلسى انظٛذنح ٔالادٔٚح، كهٛ

 

 الخلاصة:

خهفٛح انذساسح : ذؼذ انًكٕساخ انؼُمٕدٚح ٔاحذج يٍ أْى انؼٕايم انًشضٛح  سشٚشٚا" ٔ انرٙ لذ ذسثة راخ انشئح ٔ أنرٓاب     

.أٌ ٔ خًح انمُٕاخ انثٕنٛحالاغشٛح انذياغٛح ٔ انذيايم ٔ أنرٓاب انًفاطم ٔ أنرٓاب َمٙ انؼظى تالاضافح انٗ أنرٓاب انمشَٛح 

فشم ػلاج انؼذٖٔ َشٕء ػرش يمأيح يٍ انًكٕساخ انؼُمٕدٚح نكثٛش يٍ انًضاداخ انحٕٛٚح ٚؼذ يؼضهح سئٛسٛح ذؤد٘ انٗ 

انًٛشٔيثُٛٛى يٍ  أٌ MRSA) .تاندشاثٛى ، ٔ انًثال الاشٓش نزنك ْٕ انًكٕساخ انؼُمٕدٚح انزْثٛح انًمأيح نهًثٛسٛهٍٛ ) 

يٍ يدًٕػح الايُٕٛكلاٚكٕسٛذاخ ٔ  ، ٔاندُراياٚسٍٛاتُٛٛى ٔ ٚؼًم ترثثٛظ ذخهٛك خذاس انخهٛح اندشثٕيٛح يدًٕػح انكاست

ٔػُذ يضخّ يغ  ْزِ انذساسح انٗ ذمٛٛى ذؤثٛش انًٛشٔتُٛٛى نٕحذِ هذفث  انثكرٛشٚح.ٚؼًم ترثثٛظ ذخهٛك تشٔذٍٛ انخهٛح 

انًٕاد ٔطشق   أٔ ذمهٛم رنك. نٛح انًضٚح فٙ يُغ َشٕء انًمأيحاندُراياٚسٍٛ ػهٗ ػضلاخ انًكٕساخ انؼُمٕدٚح نرحذٚذ فؼا

ػضنح خشثٕيٛح تضسع ػُٛاخ أدساس ٔ كشطاخ يٍ انمشَٛاخ انًخًدح يٍ انًشضٗ انزٍٚ ساخؼٕا  50انؼًم: خًؼد 

 . أػرًذ ذشخٛض انًكٕساخ 2011يسرشفٗ انكاظًٛح ٔ يسرشفٗ أتٍ انٓٛثى نطة انؼٌٕٛ نهًذج يٍ َٛساٌ انٗ أٚهٕل / 

  انؼُمٕدٚح ػهٗ انفحٕص انشكهٛح ٔ طثغح كشاو ٔ شكم انًسرؼًشاخ اندشثٕيٛح ٔ كزنك انفحٕص انكًٕٛحٕٛٚح انًرضًُح 

API Staph System  ٔ ، أسرخذيد ألشاص انًضاداخ اندشثٕيٛح لاخرثاسانؼضلاخ اندشثٕيٛح نهًضاداخ انحٕٛٚح .

دُراياٚسٍٛ ٔ يضٚداذًٓا أسرخذيد طشٚمح ذخفٛف انًشق انًغز٘ ، ( نهًٛشٔتُٛٛى ٔ ان MICانرشكٛض انًثثظ الادَٗ )نرحذٚذ 

( نرمذٚش انرآصس فٙ يضٚداخ انًضادٍٚ.  ٔ لأخرثاس ذؤثٛش ذًشٚش اندشاثٛى فٙ   FICتًُٛا أػرًذ يُسة انرثثٛظ اندشثٕيٙ )

انرشكٛض   1/4 فٙ Staph aureus  ٔ Staph epidermidis  صسع َٕػٍٛ يٍ انًكٕساخ انؼُمٕدٚح    MICذشاكٛض دٌٔ 

تؼذ  ساػح نكم يُٓا ٔ 18انًثثظ الادَٗ نكم يٍ انًضادٍٚ يٕضٕع انذساسح ٔ ذكشس انضسع نسثغ يشاخ يرٕاطهح ٔ نًذج 

ػضنح( يٍ  13) %26كاَد َسثح انًكٕساخ انؼُمٕدٚح  :  انُرائح . دذٚذج نكلا انًضادٍٚان MIC انرًشٚش انساتغ ذى لٛاط لٛى

 %30.7ٔانرشاًٚٛثٕتشٚى  %15رٛشسٍٛ ٌٛ َسثح انًمأيح نهًضاداخ انًفحٕطح كاٜذٙ:انثاسٔخذ أ   انؼضلاخ انخًسٍٛ.

 %23ٔانسرشٔترٕياٚسٍٛ  %23ٔانكهٕسيفُٛكٕل  %46ٔانسٛفانكسٍٛ  %30.7اَكٕياٚسٍٛ فٔان %61ٔانكاَاياٚسٍٛ 

ٔكاٌ   . %7.7كساسٛهٍٛ ٔالأٔ %15.3ٔانًٛشٔتُٛٛى %46 ياسٍٛ أاندُر %23هٕكساسٍٛ فٔانسثشٔ %7.7ٔانشٚفايثسٍٛ 

نهؼضلاخ انحساسح ٔفٙ انؼضلاخ انًمأيح  (%84.7)يم ٔتُسثح /ياٚكشٔغشاو 0.5 - 4 نهًٛشٔتُٛٛى  انرشكٛض انًثثظ الادَٗ

 2 – 4انحساسح  رشنّ نهؼ دَٗياٚسٍٛ فكاٌ انرشكٛض انًثثظ الأرايا اندُ. أ (%15.3)يم تُسثح /ياٚكشٔغشاو 9- 12ٔخذ 

ٔكاَد لٛى يُسة انرثثٛظ   . (%46)انًمأيح  يم نهؼرش/ياٚكشٔغشاو  24- 50ٔ  (%54)سثح ُيم ت ياٚكشٔغشاو /

 FICد لًٛح غهأ٘ ذؤثٛش ذآصس٘ فٛٓا تًُٛا ت نى ٚكٍ نًضج انًضاداخ  ار 2 ػضلاخ ػانٛح انًمأيح  نثلاز (FIC)اندشثٕيٙ 

 دَٗ نسثؼح يشاخانرشكٛض انًثثظ الا 1/4ٙ َرح يٍ ذًشٚش خشاثٛى انًكٕساخ ف لإحذٖ ػششج ػضنح )ذؤثٛش ذآصس٘(. 0.5

 \ياٚكشٔغشاو  4يٍ  ٔ يم /ياٚكشٔغشاو  250<       يم انٗ  \ياٚكشٔغشاو 2نهًٛشٔتُٛٛى يٍ  MICيررانٛح صٚادج فٙ لًٛح 

نح ػهٗ انرٕانٙ ٔفٙ حا Staph epidermidisٔال    Staph aureusيم نكم يٍ ال  \ياٚكشٔغشاو  250يم انٗ < 

يم نكم  \كشٔغشاو ياٚ 250يم انٗ <  \ياٚكشٔغشاو  4ٔيٍ  250يم انٗ <  \ياٚكشٔغشاو  6يٍ  MICٍ اسذفغاندُرًاٚسٛ

نًضٚح  "ذآصسٚا "ذؤثٛشاأظٓشخ َرائح ْزِ انذساسح   ػهٗ انرٕانٙ .  Staph epidermidisٔال  Staph aureusيٍ ال 

 MIC 1/2 +1/2 , 1/4) لم يٍ انرشكٛض انًثثظ الادَٗٚح  ٔترشاكٛض أانًٛشٔتُٛٛى ٔاندُرًاٚسٍٛ ػهٗ انًكٕساخ انؼُمٕد

ًُغ ذطٕس انًمأيح اندشثٕيٛح نٓزِ ٛٔيثم ْزا انًضٚح سٛمهم يٍ َسثح انًمأيح ٔٚحسٍ انُاذح انؼلاخٙ ٔستًا س (1/4+

 انًضاداخ.

 

Introduction:  
    Staphylococci are considered clinically 

one of the most important genera of  

 

micrococacea family where its pathogenic 

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, 

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 inhibitory concentration 

(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 

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 Ibn 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 

staphylococcus 

Isolate No. Type of 

staphylococcus 

1 Staph. 

epidermids 
8 Staph. aureus 

2 Staph. 

epidermids 
9 Staph. 

epidermids 

3 Staph. 

epidermids 
10 Staph. aureus 

4 Staph. aureus 11 Staph. 

epidermids 

5 Staph. 

epidermids 
12 Staph. 

epidermids 

6 Staph. 

epidermids 
13 Staph. 

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 CIP CN 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 

resistance  

15 

% 

30.7 

% 

61 

% 

30.7 % 46 

% 

23 

% 

23 

% 

7.7 

%  

23 

% 

46 

% 

15.3 

% 

7.7 % 

 

 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. 
 

Isolates No. 

MIC µ/ml 

Meropenem Gentamicin 

1       12  (R)          50 (R) 

2 9 (R) 50 (R) 

3 1 (S) 50 (R) 

4 2 (S)  6 (I) 

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 (I) 

11 4 (S)         2 (S) 

12 4 (S)       30 (R) 

13 4(S)         4 (S) 

%of 

resistance  

15.3 % 46% 

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

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 FIC values 
½+½ MIC ¼+¼ MIC ⅛+⅛ MIC 

1 + + + 2 

2 + + + 2 

3 + + + 2 

4 - - + 0.5 

5 - - + 0.5 

6 - - + 0.5 

7 - - + 0.5 

8 - - + 0.5 

9 - - + 0.5 

10 - - + 0.5 

11 - - + 0.5 

12 - - + 0.5 

13 - - + 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. 
 

Staphylococcal 

Isolates 

Initial MIC values in (µg/ml) 

MIC value in (µg/ml) after  the 

7th  day of culturing in 1/4 

MIC 

 

Meropenem  gentamicin Meropenem Gentamicin  

Staph aureus 2 6 ˃250 ˃250 

Staph 

epidermis 
4 4 ˃250 ˃250 

 

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 β-lactamases (15)   . The 

results of this study were in agreement 

with other researches (16) in which they  

 

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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