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Abstract

Introduction: Staphylococcal infections constitute a worldwide public health problem, particularly in hospitals. This is
a retrospective study from July 1, 2012 to December 31, 2016 carried out at the Biomedical Laboratory of the China-
Guinea Friendship Hospital (HASIGUI) in Kipé/Conakry. The aim of this study was to determine the antibiotic resistance
phenotypes of species of the genus Staphylococcus isolated from various biological secretions.

Material and methods: A total of 226 strains belonging to genus of Staphylococcus isolated from 226 patients were
studied. Cultures were made on agar media. Bacterial identifications and antibiograms were done by Vitek2 automated
system and by the API method (bioMérieux France). Minimum inhibitory concentrations (MIC) were determined by
Vitek 2 Compact. Results: Male were predominant and sex ratio (Male/Female) was 1.45. The mean age of the patients
was 47.5% * 21years [1-91years] and the most prominent age group (34.51%) was 60 years and over. The majority of
staphylococci were isolated from urine (68.58%), pus (13.72%). Vaginal secretions (5.75%) and semen (5.31%). Fifteen
Staphylococcus species were identified with a predominance of Staphylococcus aureus (26.11%), followed by
Staphylococcus epidermidis (15.49%), Staphylococcus xylosus (15.04%), Staphylococcus haemolyticus (13.72%). The
majority of strains were sensitive to nitrofurantoin (97.10%), tobramycin (92.86%), moxifloxacin (92.75%), tigecycline
(91.30%) and gentamicin (85.51%), ciprofloxacin (73.85%), quinupristin/dalfopristin (75.36%) levofloxacin (53.62%).
On the other hand, the majority of these strains were resistant to benzylpenicillin (98.55%), to the combination
trimethoprim/sulfamethoxazole (81.16%), oxacillin (79.71%) and tetracycline (78.26%), erythromycin (62.32%),
clindamycin (62.32%), rifampicin (62.32%) and vancomycin (62.32%).

Conclusion: All of these results show that many species of the genus Staphylococcus are involved in human infections,
sometimes with multidrug resistance to many families of antibiotics.
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1. Introduction

Bacteria belonging to genus Staphylococcus remain among the most important and serious pathogens in human
infections [1]. It is Gram-positive cocci, catalase positive and belongs to the family Micrococcaceae. They include 45
species including 21 subspecies and are responsible for a large number of pathologies [2]. The recommended minimal
standards for describing a new Staphylococcus species are based on the results of phenotypic and genomic studies of at
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least five independently isolated strains [3]. They include colony morphology and the results of the following
conventional tests : pigment production, growth requirements, fermentative and oxidative activity on carbohydrates,
novobiocin susceptibility, enzymic activities (nitrate reductase, alkaline phosphatase, arginine dihydrolase, ornithine
decarboxylase, urease, cytochrome oxidase, staphylocoagulase in rabbit plasma, heat-stable nuclease, amidases,
oxidases, clumping factor, and haemolytic activity on sheep or bovine blood agar) [3].

Staphylococci are responsible for numerous cutaneous and mucous membrane damage which can be benign or serious
[4]. They are often associated with urinary tract, pleuropulmonary, osteo-articular and neuro-meningeal infections,
sepsis [4,5]. Bacteremia/septicemia and neuro-meningeal attacks caused by staphylococci are serious forms [6-8]. This
diversity from the clinical point of view therefore requires effective management. This has been complicated by the
emergence of cases of resistance. In fact, in the years following the introduction of penicillin in therapy in 1929, the first
cases of resistant staphylococci were reported in 1941.

Similarly, 2 years after the appearance of the first anti-staphylococcal agent, methicillin, in 1959, the first staphylococci
resistant to this antibiotic were observed [9].

The epidemiological situation has evolved considerably in recent decades. The frequency of isolation continues to
increase in many regions of the world. High prevalence have been noted in numerous countries. In Shanghai, 64% of
Staphylococcus aureus were multidrug-resistant Staphylococcus aureus (MRSA) [9]. In South American countries the
rates vary greatly in Argentina and Peru the prevalence of MRSA is 46% and 78% respectively while in some countries
such as Brazil it is 37% [10]. European countries are experiencing a continuous growth in the predominance of MRSA
with rates varying from 20 to 50% reported in Staphylococcus aureus infections [11-15] (cases of Greece, Italy, Spain,
England, Ireland, Belgium and France). In Northern Europe, the frequency of MRSA is much lower, estimated at less
than 1% in Iceland, the Netherlands and the Scandinavian countries [11].

In Africa, the same diversity is found. The prevalence of MRSA in Africa varies from 10 to 57% with, in general, a lower
frequency (less than 10%) in the Maghreb countries (Tunisia, Algeria, Morocco), and a high prevalence in Sub-sahara
Africa [9,16]. The aim of this study was to determine the antibiotic resistance phenotypes of different species belonging
to Staphylococcus genus, isolated at the China-Guinea Friendship Hospital of Kipé in Conakry.

2. Material and methods

This is a retrospective study from July 1, 2012 to December 31, 2016, carried out at the Sino-Guinean Friendship
Hospital (HASIGUI). A total of 226 strains of Staphylococci isolated from 226 patients were studied. The body fluid
samples analyzed were: urine (155), pus (31), vaginal secretions (13), semen (12), cerebrospinal fluid (4), blood (4),
stool (3), axillary swabs (1), nasal (1), pharyngeal (1) and bony (1). Cytobacteriological examinations were performed
fresh by observation under a light microscope (Microscope XS-213, Nanjing BW Optics Co., Ltd., Jiangsu, China) followed
by Gram staining of the slides examined. A kit for staining bacteria by the Gram-Hiicker method (RAL Diagnostics,
Martillac, France) was used. The sample was then cultured on different agar media: Columbia agar with sheep blood 5%
(Liofilchem, Roseto DA, Italy), nutrient agar (Liofilchem, Roseto DA, Italy), Chapmann (Biomérieux, Marcy I'Etoile ,
France) and CLED (Biomérieux, Marcy 1'Etoile, France). Incubation was carried out for 18-24 hours in the GRP 9080
oven (Sumsung Laboratory Instrument CO., Ltd, Shanghai, China). Uniform bacterial colonies isolated from the cultures
were stained by the Gram method in order to verify their purity, a key step preceding analyzes with the Vitek 2 Compact
15 automated system (Biomérieux, Marcy Etoile, France).Bacterial identification, antibiograms and determination of
minimum inhibitory concentrations (MIC) were carried out using the Vitek 2 compact 15 automated system
(Biomérieux, Marcy Etoile, France). The Vitek 2 GP cards were used for bacterial identification, and the Vitek 2 GP67
cards were used for the antibiograms and the determination of the minimum inhibitory concentrations (MIC) expressed
in pg / ml, with the Vitek 2 Compact 15 automaton (bio-Mérieux France). The Advanced Expert System (AES) software
enabled the detection of antibiotic resistance phenotypes using the Vitek2 Compact 15. We used again the API system
for identification and antibiograms.

3. Results

The results of this present study showed that the male sex was predominant and represented 59.29% against 40.71%.
The sex ratio (Male/Female) equals 1.45. The mean age of the patients was 47.5% * 21years [1-91years] and the most
common age group (34.51%) was that of 60 years and over (Figure 1).The distribution according to different
department showed that 32.74% (74/226) of patients came from other hospital structures in the capital Conakry;
26.11% (59/226) from Cardiology, followed by Neurology (10.62% = 24/226), Visceral Surgery (8.41% = 19/226),
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Traumatology (8.41% = 19/226) (Table I). The distribution of Staphylococci strains according to original body fluids
showed that urine was by far the body fluids analyzed (68.58% = 155/226), followed by pus (13.72% = 31/226) (Table

2).

Number

15-29

30-44

Distribution of Staphylococcus isolates

0-14

45-59

60 and over

Age range (years)

Figure 1 Distribution of Staphylococcus isolates according to age range

Table 1 Distribution of Staphylococcus isolates according to the services of origin

Provenance Frequencies | Percentage (%)
External health structure |74 32.74
Cardiology 59 26.11
Neurology 24 10.62
Visceral surgery 19 8.41
Traumatology 19 8.41
Neurosurgery 11 4.87
Emergencies 10 4.42
Thoracic surgery 7 3.10
Acupuncture/rehabilitation | 3 1.33
Total 226 100

Table 2 Distribution of Staphylococcus isolates according to biological secretions

Nature of samples | Number | Percentage (%)
Urine 155 68.58

Pus 31 13.72

Vaginal secretions 13 5.75

Sperm 9 3.98
Cerebrospinal fluid | 4 1.77

Blood cultures 4 1.77
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prostatic secretions | 3 1.33
Stools 3 1.33
Armpit swab 1 0.44
Nasal swab 1 0.44
Bone harvesting 1 0.44
Pharyngeal swab 1 0.44
Total 226 100

Table 3 Staphylococci species isolated from different biological fluids

Table 4 Antibiotic resistance phenotypes detected in different strains of Staphylococcus species

Staphylococci species Number (%)
Staphylococcus aureus 59 (26.11)
Staphylococcus epidermidis 35(15.49)
Staphylococcus xylosus 34 (15.04)
Staphylococcus haemolyticus | 31 (13.72)
Staphylococcus lentus 13 (5.75)
Staphylococcus hominis 9 (3.98)
Staphylococcus intermedius 4 (1.77)
Staphylococcus saprophyticus | 3 (1.33)
Staphylococcus simulans 3(1.33)
Staphylococcus agalactiae 2 (0.88)
Staphylococcus lugdnensis 2 (0.88)
Staphylococcus caprae 1(0.44)
Staphylococcus warneri 1(0.44)
Staphylococcus kloosi 1(0.44)
Staphylococcus spp 28 (12.39)

Antibiotic families

Phenotypes detected

Béta-lactams

Production of béta-lactamases, modification of PLP(mec)

Aminosides

Resistance KAN TOB GEN (APH(2 “)+AAC(6")

Quinolones

Resistance/Partial resistance

Macrolides/lincosamides/streptogramines

MLSDb Contitutive

Oxazolidines Resistance

Glycopeptides Resistance (TEC)/savage
Tetracyclines Partial resistance (Efflux TET K)
Furanes Savage
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Rifamycines Resistance

Trimethoprim/sulfamides Resistance

Table 5 Antibiotic susceptibility of different Staphylococci species by Vitek 2 system

Antibiotiques testés Sensitive (%) | Intermediate (%) | Resistance (%)
Benzylpénicillin 1(1.45) 0(0.00) 68(98.55)
Triméthoprim/sulfaméthoxazole | 13(18.84) 0(0.00) 56(81.16)
Oxacillin 14(20.29) 0(0.00) 55(79.71)
Tétracyclin 12(17.39) 3(4.35) 54(78.26)
Erythromycin 26(37.68) 0(0.00) 43(62.32)
Clindamycin 23(33.33) 3(4.35) 43(62.32)
Rifampicin 24(34.78) 2(2.90) 43(62.32)
Vancomycin 24(34.78) 3(4.35) 42(60.87)
Ciprofloxacin 37(53.62) 6(8.70) 26(37.68)
Quinupristin/Dalfopristin 52(75.36) 1(1.45) 16(23.19)
Linezolide 49(71.01) 0(0.00) 20(28,99)
Levofloxacin 37(53.62) 25(36.23) 7(10,15)
Gentamicin 59(85.51) 4(5.80) 6 (8,69)
Tigecyclin 63(91.30) 0(0.00) 6(8,70)
Moxifloxacin 64(92.75) 5(7.25) 0(0.00)
Nitrofurantoine 67(97.10) 0(0.00) 2(2,90)

Table 6 Antibiotic sensitivity of Staphylococcus aureus strains identified with the Vitek 2 Compact system (n= 59)

Antibiotics tested Sensitive (%) | Intermediate (%) | Resistance (%)
Benzylpenicillin 3(5.00) 0(0.00) 56(95.00)
Triméthprim/Sulfaméthoxazole 21(35.00) 0(0.00) 38(65.00)
Vancomycin 24(40.00) 0(0.00) 35(60.00)
Tetracycline 24(40.00) 0(0.00) 35(60.00)
Oxacillin 30(51.00) 0(0.00) 29(49.00)
Clindamycin 32(55.00) 0(0.00) 27(45.00)
Rifampicin 32(55.00) 3(5.00) 24(40.00)
Erythromycin 47(80.00) 0(0.00) 12(20.00)
Ciprofloxacin 50(85.00) 0(0.00) 9(15.00)
Tigecycline 56(95.00) 0(0.00) 3(5.00)
Levofloxacin 47(80.00) 12(20.00) 0(0.00)
Gentamicin 53(90.00) (10.00) 0(0.00)
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Moxifloxacin 59(100.00) 0(0.00) 0(0.00)
Quinupristin/Dalfopristin 59(100.00) 0(0.00) 0(0.00)
Linezolide 59(100.00) 0(0.00) 0(0.00)
Nitrofurantoine 59(100.00) 0(0.00) 0(0.00)
Resistance types

Beta lactamase Positive 100% Négative 0%
Cefoxitin screen Positive 40% Négative 60%
Clindamycin inducible Resistance | Positive 0% Négative100%

Table 7 Antibiotic sensitivity profile of Staphylococcus epidermidis strains identified using Vitek 2 Compact system

Antibiotics tested Sensitive N (%) | Intermediate N(%) | Resistance N (%)
Benzylpénicillin 0(0.00) 0(0.00) 35(100.00)
Oxacillin 0(0.00) 0(0.00) 35(100.00)
Erythromycin 6(16.67) 00(0.00) 29(83.33)
Vancomycin 6(16.67) 0(0.00) 29(83.33)
Tétracycline 6(16.67) 0(0.00) 29(83.33)
Rifampicin 6(16.67) 0(0.00) 29(83.33)
Triméthoprim/Sulfaméthoxazole | 6(16.67) 0(0.00) 29(83.33)
Clindamycine 12(33.33) (616.67) 17(50.00)
Quinupristine/Dalfopristine 23(66.67) 0(0.00) 12(33.33)
Linezolide 23(66.67) 0(0.00) 12(33.33)
Ciprofloxacine 17(50.00) 6(16.67) 12(33.33)
Tigecycline 35(100.00) 0(0.00) 0(0.00)
Gentamicin 29(83.33) 6(16.67) 0(0.00)
Levofloxacin 23(66.67) 12(33.33) 0(0.00)
Moxifloxacin 35(100.00) 0(0.00) 0(0.00)
Nitrofurantoine 35(100.00) 0(0.00) 0(0.00)
Resistance types

Beta lactamases Positive 100% Négative 0%
Cefoxitine screen Positive 83,33% Négative 16,67%
Clindamycin inducible Resistance | Positive 0% Négative 100%
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Table 8 Antibiotic sensitivity profile of Staphylococcus xylosus strains identified using the Vitek 2 Compact system

(n=34)

Antibiotics tested Sensitive (%) Intermediate (%) | Resistance (%)
Benzylpénicillin 0(0.00) 0(0.00) 34(100.00)
Oxacillin 0(0.00) 0(0.00) 34(100.00)
Erythromycin 0(0.00) 0(0.00) 34(100.00)
Clindamycin 0(0.00) 0(0.00) 34(100.00)
Quinupristin/Dalfopristin 0(0.00) 0(0.00) 34(100.00)
Linezolide 0(0.00) 0(0.00) 34(100.00)
Vancomycin 0(0.00) 0(0.00) 34(100.00)
Tétracyclin 0(0.00) 0(0.00) 34(100.00)
Rifampicin 0(0.00) 0(0.00) 34(100.00) 34(100.00)
Triméthprim/Sulfaméthoxazole | 17(50.00) 0(0.00) 17(50.00)
Gentamicin 34(100.00) 0(0.00) 0(0.00)
Ciprofloxacin 17(50.00) 17(50.00) 0(0.00)
Levofloxacin 17(50.00) 17(50.00) 0(0.00)
Moxifloxacin 34(100.00) 0(0.00) 0(0.00)
Tigecyclin 34(100.00) 0(0.00) 0(0.00)
Nitrofurantoine 34(100.00) 0(0.00) 0(0.00)
Resistance types

Beta-lactamase Positive 100% Négative 0(0.0%)

Cefoxitine screen

Positive 50%

Négative 50%

R inductible Clindamycin

Positive 0(0.0%)

Négative 100%

Table 9 Antibiotic sensitivity profile of Staphylococcus haemolyticus strains identified using the Vitek Compact 2 system

(n=31)

Antibiotiques testés Sensitive (%) | Intermediate (%) | Resistance (%)
Benzylpenicillin 0(0.00) 0(0.00) 31(100.00)
Oxacillin 3(8.33) 0(0.00) 28(91.67)
Tetracycline 3(8.33) (4,17) 28(91.67)
Triméthprime/Sulfaméthoxazole | 3(8.33) 0(0.00) 28(91.67)
Erythromycine 8(25.00) 00(0.00) 25(75.00)
Ciprofloxacin 10(33.33) 0(0.00) (66.67)
Clindamycin 10(33.33) 2(5.38) 19(61.29)
Rifampicine 10(33.33) 2(5.38) 19(61.29)
Vancomycin 12(38.00) 1(3,17) 18(58.33)
Gentamicin 25(75.00) 0(0.00) 6(25.00)
Linezolide (75.00) 0(0.00) 8(25.00)
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Levofloxacin 10(33.33) 13(41,67) 8(25.00)
Quinupristin/Dalfopristin (79.16) (4.17) (16.67)
Tigecycline (87.50) 0(0.00) (12.50)
Moxifloxacin 83.34% (8.33) (8.33)
Nitrofurantoine 31 (100) 0(00) 0(0.00)

Resistance types

Beta lactamase

Positive 100.00%

Négative 0.00%

Cefoxitin screen

Positive 91.67%

Négative 8.33%

Clindamycin inducible Resistance

Positive 12.50%

Négative 87.50%

Table 10 Overall sensitivity profiles for all Staphylococci strains determined by the agar diffusion method (Kirby Bauer)

and the Vitek2 Compact system

Antibiotics tested Resistance  Number |Intermediate = Number |Sensitive = Number | Total
(%) (%) (%)

Nitrofurantoine 7(3.66) 3(1.57) 181(94.76) 191
Erythromycin 113(60.43) 8(4.28) 66(35.29) 187
Gentamicin 26(16.15) 5(3.10) 130(80.75) 161
Ciprofloxacin 66(42.86) 8(5.19) 80(51.95) 154
Cefalothin 47(32.64) 1(0.69) 96(66.67) 144
Ceftriaxone 14(10.37) 2(1.48) 119(88.15) 135
Norfloxacin 42(32.31) 7(5.38) 81(62.31) 130
Sulfonamides 89(72.95) 4(3.28) 29(23.77) 122
Trimethprim/Sulfamethoxazole | 80(74.77) 3(2.80) 24(22.43) 107
Amoxicillin 78(78.00) 5(5.00) 17 (17.00) 100
Clindamycin 61(61.00) 7(7.00) 32 (32.00) 100
Rifampicin 55(55.56) 6(6.06) 38 (38.38) 99
Tetracyclin 56(59.57) 9(9.57) 29 (30.85) 94
Oxacillin 67(72.83) 3(3.26) 22 (23.91) 92
Cefotaxim 7(8.64) 0(0.00) 74 (91.36) 81
Fusidic Acid 33(41.25) 7(8.75) 40(50.00) 80
Kanamycin 35(44.30) 7(8.86) 37(46.84) 79
Levofloxacin 9(12.68) 18 25.35) 44(61.97) 71
Moxifloxacin 1(1.43) 5(7.14) 64(91.43) 70
Vancomycin 46(65.71) 1(1.43) 23(32.86) 70
Penicillin G 88(92.63) 1(1.05) 6(6.32) 95
Doxycycline 17(25.76) 11(16.67) 38(57.58) 66
Ofloxacin 14(21.54) 3(4,62) 48(73.85) 65
Nalidixic Acid 39(65.00) 4(6.67) 17(28.33) 60
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Quinupristin/Dalfopristin 15(25,00) 1(1,67) 44(73,33) 60
Linezolide 10 (17,24) 0(0) 48(82,76) 58
Tigecycline 6(10.91) 0(0) 49(89,09) 55
Amoxicillin /Clavulanic Acide |33(61.11) 3(5.56) 18(33,33) 54
Pefloxacin 6(13.33) 4(8.89) 35(77.78) 45
Neomycine 5(11.36) 2(4.55) 37(84.09) 44
Ampicillin 34 85.00) 3(7.50) 3(7.50) 40
Lincomycin 20(51.28) 5(10.26) 15 (38.46) 39

4. Discussion

4.1. Sociodemographic characteristics of patients

In this present study, strains of the genus Staphylococcus were isolated from various biological secretions from both
sexes with a male predominance. Indeed, 59.29% of our patients were male against 40.71% for the female sex. The sex
ratio (M/F) was 1.45. The mean age was 47.5 + 21 years with extremes of 1 year to 91 years. These results are close to
those reported in 2015 at the Mohammed V Military Instruction Hospital in Rabat [4]. Indeed, these authors showed
that a male represented 64.4% of patients and the sex ratio Male/Female equal to 1.8. Furthermore, the average age of
the patients in their study was 43 * 17 years, close to ours. The distribution of Staphylococcus isolates according to age
showed that the most represented age group was that of 60 years and over (34.51%), followed by that of 30 to 44 years
(21.68%), then 45 to 59 years (19.03%) (Figurel). The distribution of patients according to receipts in HASIGUI's
consultation services showed that 26.62% were for cardiology, followed by neurology with 10.62%, visceral surgery
and trauma with 8.41% for each of its last two serves. (Table1). The high frequencies of isolation of strains of the genus
Staphylococcus in patients in the cardiology department are believed to be partly due to the fact that the demands for
cytobacteriological examinations (in particular ECBU) are high there. Indeed, Makanéra et al, [17]. in their study
conducted in 2017 at HASIGUI had noted that the requests for bacteriological examinations from the Cardiology
department represented 41.36% of all bacteriological examinations carried out at the HASIGUI Biomedical Laboratory
during our study period (2012-2016). However, it can be seen that 32.74% of the patients came from other hospitals
and health structures in the city of Conakry and the interior of the country. This high rate of outpatients at HASIGUI is
due to the fact that the HASIGUI biomedical laboratory is considered to be the best equipped in the country since its
opening in 2012. As a result, the quality of the analysis results is better. The isolation of strains of the genus
Staphylococcus in patients out of HASIGUI shows that these strains could be encountered in other health facilities in
Conakry. Frequency of body fluids The distribution of strains of the genus Staphylococcus according to biological
secretions showed that the bacteriological examinations mainly concerned urine (68.58%), followed by samples of pus
(13.72%), vaginal secretions (5.75%). ), sperm (5.31%) (Table II). M. Frikh et al., Reported in 2015 that the majority of
their strains of Staphylococcus aureus were isolated from pus (51.30%), blood (13.30%), otitis 10.10% and catheters
9,40% [4]. Regarding the different staphylococci species, the results showed that at least 14 different species belonging
to Staphylococcus genus were isolated. (Figure 1). However, 28 strains for which only the genus was determined by the
API Staph system. have been referred to as Staphylococcus Spp. Among the species identified, Staphylococcus aureus was
the most frequently isolated (26.11%), followed by Staphylococcus epidermidis (15.49%), Staphylococcus xyloxus
(15.04%), Staphylococcus haemolyticus (13.72%), and Staphylococcus spp (12.39%). The other 10 identified
Staphylococcus species were in the minority. Indeed, all of these species represented less than 20% of our study
population. In 2008, Boukadida et al., found results partly similar to ours. In their series, Staphylococcus aureus was also
the most frequently isolated species (66%), followed by Staphylococcus epidermidis (29.6%) [1]. For the other species,
our results were different. In fact, these authors founded 2.6% for Staphylococcus hominis, 0.9% for each of the two
following species Staphylococcus capitis and Staphylococcus haemolyticus.

In 2020 the clinical relevance of coagulase-negative staphylococci (CoNS) belonging to Staphylococcus haemolyticus,
Staphylococcus hominis, Staphylococcus simulans, and Staphylococcus warneri species is increasing. The appearance of
automated identification systems improved their detection. Although staphylococci constitute a phylogenetically
coherent group there are differences among the species important to clinicians [18,19].

According to the literature, Staphylococcus haemolyticus is the second major species among Coagulase negative
Staphylococcus (CoNS) responsible for health care associated infections [Barros et al, 2015; Hitzenbichler F]. It causes
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blood infections, sepsis, and is often isolated from ocular infections [4]. It is also detected as a cause of otitis, peritonitis,
and urinary tract infections [20]. It is noteworthy to mention that Staphylococcus haemolyticus is known as a species
easily acquiring resistance genes.

4.2. Susceptibility profiles of strains of different Staphylococcus species

Among the 226 strains isolated in our study, 69 strains were identified with the automatic device and their antibiograms
were also performed with the Vitek 2 Compact 15. They constitute our series with the Vitek. The other strains were
identified by the API system. Their antibiograms were carried out by the agar diffusion method (Kirby-Bauer). Local,
up-to-date epidemiological data on antibiotic resistance in staphylococci are very important to know because, in
addition to the orientation of first-line antibiotic therapy, they provide national and international databases with
antibiotic resistance data.

4.3. Antibiotic sensitivity profile of strains of Staphylococcus aureus identified by Vitek 2 system

In the present study, many strains of Staphylococcus aureus showed resistance to the different antibiotics tested. Thus,
almost all of our strains were resistance to benzylpenicillin with a frequency of 95.5%. In the present study,
Staphylococcus aureus strains were resistant to trimethoprim/ sulfamethoxazole (65%), vancomycin (60%),
tetracycline (60%) and oxacillin (50%). These results are in part close to those of Ragbetli C et al 2016 who reported in
their study that all strains of Staphylococcus aureus were resistant to penicillin G [21].

Our results are also close to those reported by Salem ML et al., in 2016 who founded a high rate of resistance of
Staphylococcus aureus strains to penicillin G which ranging from 96 to 100% [22].

On the other hand, these authors announced that the rate of methicillin-resistant Staphylococcus aureus MRSA in the
community setting was of the order of 25 to 26% in suppurations, 34.3% in urine culture and 28% in sperm cultures.
These authors reported that resistance to Macrolides-Lincosamyne-Streptogramins (MLS), giving the inducible MLSb
phenotype, was found in 6% of urinary strains and 27% of strains isolated from suppurations. Aminoglycoside activity
was variable; amikacin was active on all strains. Cotrimoxazole activity is low (77% resistance) and no resistance to
vancomycin was noted [22].

In the present study, Staphylococcus aureus sensitivity to Trimethoprim/Sulfamethoxazole combination, were different
from those reported by Ragbetli C etal 2016, who showed in their study that the resistance rate of Staphylococcus aureus
strains was 6.1% for Trimethoprim/Sulfamethoxazole combination. However, our results (81% resistance) were close
to those reported in 2016 by Salem et al, who found that 77% of Stapylococcus aureus were resistant to
trimethoprim/sulfamethoxazole combination [22].

In our study, we found 60% resistance both to vancomycin and tetracycline, and 50% to oxacillin. Our results were
different from those reported in 2016 by Ragbetli C et al., who found 10.1% resistance to tetracycline but no resistance
to vancomycin [21]. However, these authors had not tested the sensitivity to oxacillin.

All the Staphylococcus aureus strains studied were sensitive (100%) to nitrofurantoin, levofloxacin, moxifloxacin, the
quinupristin/dalfopristin combination and linezolid. These antibiotics could be considered as first-line molecules in the
treatment of Staphylococcus aureus infections. In 2020, Chen et al reported similar results for Linezolid. However, all
their isolates (100%) were susceptible to Linezolid. These authors did not indicate sensitivity of their strains to other
antibiotics like nitrofurantoin, levofloxacin, moxifloxacin, Quinupristin/dalfopristin combination [23].

4.4. Antibiotic Susceptibility profile of Staphylococcus epidermidis Strains

In this present work, all strains of Staphylococcus epidermidis were resistant to benzylpenicillin and oxacillin, while the
majority of these strains were resistant to erythromycin, vancomycin, tetracycline, rifampin, and
trimethoprim/sulfamethoxazole combination. Hellmark et al., in their study reported in 2009 at the University Hospital
of Orebro, had found resistance rates much lower than ours [24]. In these authors reported none resistant to
vancomycin. However, they found the following resistance rates: 39% for Rifampicin; 67% for erythromycin [24]. Only
Trimethoprim/Sulfamethoxazole gave a resistance rate of 82%, which is quite close to our results. Half of our strains
(50%) were resistant to clindamycin.

In addition, these results are close to those of the above-mentioned author, for whom this rate was 67% for Clindamycin
[24]. Our strains of Staphylococcus epidermidis, on the other hand, showed very good sensitivity to fluoroquinolones.
Indeed, 100% of these strains were sensitive both to levofloxacin and to moxifloxacine. In the present study, 66.67%. of
Staphylococcus epidermidis strains were sensitive to ciprofloxacin. Regarding fluoroquinolones, all the strains of
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Staphylococcus epidermidis (100%) sensitive to ciprofloxacin and Moxifloxacin. These results were different from those
of Hellmark et al., who reported that 79% for Ciprofloxacin and 64% for Moxifloxacin. The sensitivity of the strains to
both quinupristin/dalfopristin combination and tigecycline was 66.67%, whereas all the strains (100%) were
susceptible to linezolid.

Pinheiro et al, in his study conducted between 2000 and 2011 reported rates of susceptibility of strains of
Staphylococcus epidermidis partly similar to ours [25]. With 98.8% for quinupristin/dalfopristin; for tigecycline and
linezolid 100% of the strains were sensitive.

4.5. Antibiotic Susceptibility Profile of Staphylococcus xylosus Strains

The strains of Staphylococcus xylosus in our series showed a very high resistance profile in general. In fact, these strains
have shown 100% resistance to benzylpenicillin, erythromycin, clindamycin, quinupristin/dalfopristin, linezolid,
vancomycin, tetracycline and rifampicin. On the other hand, they were all shown to be sensitive to moxifloxacin,
tigecycline and nitrofurantoin. In the literature, very few publications address the susceptibility profiles of the
Staphylococcus xylosus species. Therefore, this did not allow us to find other studies to compare our results. Our data
could thus be considered as one of the first descriptions of antibiotic susceptibility profiles in this species.

4.6. Antibiotic susceptibility profile of Staphylococcus haemolyticus strains

In our series, all strains of Staphylococcus haemolyticus were shown to be resistant to Penicillin G. These strains also
showed high frequencies of 91.67% resistance for the following antibiotics: oxacillin, tetracycline and
trimethoprim/sulfamethoxazole Barros et al. in 2012 in Brazil, resistance rates were found partly close to ours, in
particular for penicillin of 95% and for oxacillin 88%; Regarding tetracycline and trimethoprim/sulfamethoxazole, the
resistance rates found in their study were lower compared to ours, they were 19% and 53% respectively [26]. On the
other hand, we have demonstrated resistance rates of 62.5% for clindamycin and rifampicin. The resistance rate for
erythromycin was 75%. Regarding Fluoroquinolones. Ciprofloxacin, levofloxacin and moxifloxacin gave resistance rates
of 66.67%, respectively; 25% and 8.33%. Gentamicin gave a resistance rate of 25%. This is different from the results of
Tomasz Czekaj et al., who found high resistance rates (92.9%) to ciprofloxacin and gentamicin in Poland between 2008
and 2010. Levofloxacin and moxifloxacin were not tested in their study.

4.7. Antibiotic Resistance phenotypes detected in different staphylococci strains

The table shows different resistance phenotypes detected in different Staphylococcus strains using the Vitek2 compact
automaton. The different resistance mechanisms are a function of the different antibiotic families. In particular, for the
beta-lactam family, we detected the production of beta-lactamases and the modification of penicillin-binding proteins
(PLP: mec). For the aminiside family, the following phenotypes: Resistance KAN TOB GEN (APH (2 ”) +AAC (6’) were
detected. For quinolones, the resistance phenotypes detected were either total resistance or partial resistance.

For quinolones, the resistance phenotypes detected were either total resistance or partial resistance, whereas for
macrolides/streptogramin/lincosamides, the phenotypes detected were of the MLSb Contitutive type.

For oxazolidines, total resistances were observed, whereas for glycopeptides, resistance (TEC)/savage were observed.

5. Conclusion

This retrospective study involved 226 strains of Staphylococcus, belonging to 15 different species. Staphylococcus
aureus was the most frequently isolated followed by Staphylococcus epidermidis and Staphylococcus xylosus. The
majority of patients included in the study were at least 60 years old. Most strains were resistant to benzylpenicillin, the
trimethoprim/sulfamethoxazole combination, oxacillin and tetracycline. However, they were generally sensitive to
nitrofurantoin, moxifloxacin, tigecycline and gentamicin. All of these results show the need for antibiograms to be
carried out during bacterial infections, in order to avoid antibacterial therapeutic failures and to limit the spread of
germs that are multi-resistant to antibiotics.
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