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Abstract

surveillance programmes are mandatory.

Objective: The antimicrobial resistance of staphylococci rose worldwide. In total, 96 Staphylococcus isolates from
food and clinical samples were collected from two provinces in Algeria. The antimicrobial susceptibility testing was
performed and resistance-associated genes were detected.

Results: Fifty-one strains were isolated from food samples and differentiated into 33 Staphylococcus aureus and 18
coagulase-negative staphylococci. Forty-five staphylococci were collected from hospital and community-acquired
infection cases. All S. aureus isolated from food were resistant to penicillin and 45.5% were resistant to tetracycline. The
resistance rates of 45 clinical Staphylococcus isolates were 86.7%, 48.9%, 37.8% and 20.0% to penicillin, tetracycline,
erythromycin and kanamycin, respectively. Nine isolates were confirmed as MRSA from food and clinical isolates. One
S. aureus originated from food was confirmed as vancomycin-resistant. Multidrug-resistance was observed among
25.5% and 53.3% of food and clinical staphylococci, respectively. The tetM/K, blaZ, aacA-aphD, ermC and mecA genes
were detected in food and clinical isolates. ermA gene was not found. This study provided insight into the status of
antimicrobial resistance of staphylococci isolated from food and clinical samples in Algeria. Further investigations and
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Introduction

Staphylococci are the most isolated bacteria in noso-
comial infections and foodborne illnesses globally and
involved in severe systemic affections [1-6].

The mechanism of antimicrobials resistance in staph-
ylococci was due to the acquisition of mobile genetic
elements like plasmids and/or transposons [7-10].
Penicillin-resistance was due to the production of beta-
lactamases which is encoded by the blaZ gene located
chromosomally or on plasmids [11, 12]. Methicillin-
resistant Staphylococcus aureus (MRSA) where resist-
ance is encoded by mecA gene is an important cause of
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human nosocomial infections worldwide [13, 14]. In S.
aureus and CoNS tetracycline resistance is mediated by
ribosomal encoded tetM gene and/or by tetK encoded
efflux protein [15-17]. Ribosomal target modification,
mediated by the presence of ermA, ermB and ermC in S.
aureus and CoNS is associated with resistance to mac-
rolides, lincosamides and type B streptogramins [17, 18].
For aminoglycoside resistance aacA-aphD genes are con-
ferring cross-resistance to aminoglycosides such as gen-
tamicin, tobramycin, kanamycin and amikacin [19-21].
Food is considered as an important vehicle for the
spread of antibiotic-resistant bacteria [6, 22]. In meat-
producing animals such as cattle, poultry and swine,
antibiotics are mainly used for the treatment and pre-
vention of several bacterial diseases which may lead to
arise of antimicrobial resistance in various bacteria like
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Campylobacter, Escherichia coli, Salmonella and Staphy-
lococcus [23].

In Algeria, antimicrobial susceptibility of S. aureus was
commonly investigated. [24—26]. Less attention was given
to S. aureus and CoNS in community-acquired infections
or those isolated from food samples [27].

The aim of this study was to determine phenotypic
antimicrobial resistance and associated genes of staphy-
lococci isolates from clinical and food samples in Algeria.

Main text

Methods

Sample collection and processing

One hundred and twelve food samples, including raw
milk (n=30), minced beef meat (n=25), chicken meat
(n=18), creamy cake (n=14), pizza (n=10), beef meat
(n=10) and sausages (n=5) were collected from retail
markets in cities of Médéa and Ain Defla provinces,
Algeria.

Forty-five S. aureus isolates from clinical samples like
pus, sperm, urine, vaginal discharge, wounds, catheter
tips and secretions were kindly provided from Mohamed
Boudiaf hospital, Médéa.

Bacterial isolation and identification

Microbiological analysis of food samples was done
according to NF EN ISO 6888-1/A1 standard proce-
dure according to the IOS [28] and for clinical samples
was done by the method described previously [29]. The
identification of coagulase-positive S. aureus (CoPS)
was made by biochemical tests (Rabbit plasma, Oxoid,
Dardilly, France). Identity of S. aureus was confirmed
by agglutination test (Bio-Rad, Marnes-la-Coquette,
France).

Susceptibility test of antimicrobial agents
The antimicrobial susceptibility testing to 12 antimicro-
bial agents was performed using the disc diffusion test
according to CLSI recommendations [30] and the guide-
lines established by the Antibiogram Committee of the
French Microbiology Society [31]. The antibiotic discs
(Bio-Rad; Oxoid) were used according to instructions
of the manufacturer’s (Table 1). Staphylococcus aureus
ATCC 25923 was used as quality control.

Oxacillin and/or cefoxitin were confirmed as MRSA
using E-test method (Liofilchem, Loc Piane Vomano,
Italy).

Detection of resistance-associated genes by PCR
Genomic DNA was extracted using phenol/chloroform
extraction method [32].

PCR amplifications were carried out for aacA-aphD,
ermA, ermC, tetK and tetM, blaZ and mecA genes
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according to methods described previously [16, 33, 34],
respectively.

The DNA fragments were visualized using an UV tran-
silluminator (EC3, UVP Biolmaging Systems, Cambridge,
UK) and read using AlphaEaseFC software (Genetic
Technologies Ltd., Fitzroy, Australia).

Statistical analysis

Possible relationships between the presence of resistance
genes among S. aureus and CoNS isolated from food and
clinical samples were statistically analysed using Fisher’s
exact test. P-value of <0.05 was considered as statistically
significant difference.

Results

Ninety-six staphylococci were isolated, identified and
classified as 51 staphylococci (33 S. aureus and 18 CoNS)
from food samples, 27 staphylococci (21 S. aureus and 6
CoNS) from community-acquired clinical samples and
18 S. aureus from hospital-acquired clinical samples,
respectively.

Out of 51 staphylococci isolated from food samples,
49 staphylococci (33 S. aureus and 15 CoNS) were resist-
ant to at least one tested antibiotic (96.1%) (Table 1). The
resistance rates to penicillin and tetracycline were 94.1%
and 49.0%, respectively. Two S. aureus (6.1%) and three
CoNS (16.7%) were phenotypically resistant to methi-
cillin by disc diffusion test while MIC determination by
E-test confirmed only one isolate as MRSA and another
as methicillin-resistant CoNS.

Vancomycin resistance was detected in one S. aureus
(3.0%). The resistance rates of CoNS to clindamycin and
erythromycin were 33.3% and 27.8%, respectively. All
staphylococci isolated from food samples were suscepti-
ble to gentamicin.

The antimicrobial resistance rates were remarkably
higher in clinical isolates than in staphylococci isolated
from food samples (Table 1). The resistance rates of S.
aureus and CoNS isolated from clinical samples to peni-
cillin were 92.3% and 50.0%, respectively while those
to tetracycline were 48.7% and 50.0% for S. aureus and
CoNS, respectively. The prevalence of MRSA obtained
by disc diffusion test was 38.9% and 52.4% for hospital
and community-acquired isolates, respectively. However,
the detected MRSA rate by E-test was 11.1% and 23.8%.
Staphylococcus aureus showed considerable resistance
to erythromycin for both hospital-acquired (27.8%) and
community-acquired isolates (52.4%). Staphylococcus
aureus isolates from hospital were susceptible to gen-
tamicin, however, those isolated from community infec-
tion showed 14.3% resistance to gentamicin. All clinical
staphylococci isolates were susceptible to vancomycin.



Page 3 of 7

Achek et al. BMC Res Notes (2018) 11:663

‘g10zexoyaweyns/wiidoyiawinl xS ‘udidweyu 47y ‘upkwepur)d 70 ‘UPAWOodUeA v/ ‘QuipAdelis) 31 ‘upAweuey| y ‘UIPAWOIYIAIS F ‘UDIWRIUSB /D ‘PId. dIURINARID + UI[|IDIXOWE I ‘UIHX0J3D XO *

d)eIpawIdUl | ‘Jue)SIsal Y ‘91q1ndadsns §

(e sz ez/sTL)

191 000 €€'e8 9 6L 5608 000 000 00001 LULL 95 €C'e8 000 000 00001 X1S
000 000 00001 LYy 56 1£'S8 000 Ll 6888 000 LULL 6888 000 €0 1696 (61 6) 41y
000 000 00001 VA4 000 ¥'S6 95§ 000 rrv6 9SG geee L9 €0'e 909 1606 (Cukalb!
000 000 00001 000 000 00001 000 000 00001 000 000 001 000 €0€ 1696 (611 0¢) wA
000 000S 0009 000 8€°¢CS [4°Wa4 000 14474 95°GS 000 9569 14474 000 94974 SSYS (6r10g) 3L
000 £991 €€e8 000 6L 12’58 9SS 8/'L¢C /999 9SS LULt €e'es 9¢€9¢ 606 5SS (6riog) %
/991 991 £999 000 8€°¢CS 9Ly 000 8LLC el £991 8LLC 9595 606 60'6 8’18 (brisi)3
000 /991 €e'es 000 6L L/'S8 95'G 000 Y6 000 000 00001 000 000 00001 (Briol) Wo
000 991 £C'€8 000 S061 5608 000 9s's 144 000 95'S 14474 000 000 o000l (BrioL/07) DY
000 £991 £€°¢8 000 8€¢S 9Ly 000 68'8¢ L9 000 /991 £€°¢8 000 909 v6'€6 (611 0€) X0
991 £991 £999 000 £999 geee 000 68'8¢ L9 000 991 €€'¢8 000 909 ¥6'c6 ®r1)xo
000 000S 000S 000 8¥06 56 000 r6 95§ 000 £€°¢8 /991 000 00001 000 (Inot) d
(%) 31e4] (%) 3184y (%)31eIS (%) 3e1]| (%)Y (%)3IeIS (%)33el] (%)33e1Yy (%)33e1S (%)3el] (%)23elY (%)33elS (%)33ei] (%)33eIY (%)S3elS
(90=u) SNOD (Lz=u)snainp s (8L=u) snainp g (8L=u) SNOD (eg=u) snainp -
(8L=u)
(£Z=u) saje|os| paiinboe AyHunwwo> saje|os] painbde |eyidsoH 6
juabe
(S =u) sajejosi [ed1ul]d (1§ =u) sajejos| poo4 snoiqnuy

sajdwies |edjulpd> pue pooj woij pajejosi 1330>0jfydess jo AMjiqndadsns jeiqoniwnuy | 3qel



Achek et al. BMC Res Notes (2018) 11:663

The antibiotic resistance-associated genes were dem-
onstrated in Table 2. In food isolates tetM was the
most prevalent gene detected in S. aureus and CoNS
with 66.7% and 88.9%, respectively. Both tetM and tetK
genes were detected in 11 S. aureus (33.3%) and 4 CoNS
(22.2%). In food samples, mecA gene was observed in 15
S. aureus (46.9%) and 10 CoNS (88.9%) isolates, respec-
tively. Six S. aureus (18.2%) and 3 CoNS (16.7%) isolates
harboured aacA-aphD gene associated with gentamicin-
resistance. Fifteen S. aureus (46.9%) and 10 CoNS (88.9%)
isolates possessed blaZ gene encoding resistance to peni-
cillin. No significant difference for the detection of anti-
biotics resistance genes was observed between S. aureus
and CoNS isolated from food samples (P > 0.05).

Regarding staphylococci from clinical samples, mecA
was the most detectable resistance-associated gene in
S. aureus originated from the hospital with 17 isolates
(94.4%) and in the community with 19 isolates (90.5%).
The tetM gene was found in 10 hospital isolates (55.6%)
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and 17 community-acquired isolates (81.0%). The tetK
and tekM genes were detected together in 10 S. aureus
isolates (25.6%). Six S. aureus from the hospital (16.7%)
harboured ermC gene. The aacA-aphD gene was found
by PCR in 12 S. aureus isolates (3 from hospital and 9
were community-acquired). The blaZ gene detection rate
was significantly higher in hospital-acquired S. aureus
with 15 isolates (81.0%) than in community-acquired
isolates with only 6 (55.6%) (P =0.025). No statistical dif-
ferences were observed for the detection of remaining
antibiotic genes.

The correlation between phenotypic resistance and
detection of resistance-associated genes for food and
clinical isolates was demonstrated in Table 3. In S. aureus
from food samples correspondence between phenotypic
resistance and associated genes was 45.5% and 50.0%
concerning penicillin and methicillin, respectively. For
tetracycline resistant isolates 46.7% and 53.3% harboured
tetK and tetM, respectively. Both genes were detected in

Table 2 Distribution of antimicrobial resistance genes of food and clinical isolates

Antibioticagent Target genes Food isolates (n=51) Pvalue Clinical isolates (n =45) P value
S.aureus (n=33) CoNS (n=18) Hospital Community acquired isolates
acquired isolates (n=27)
(n=18)
S.aureus (n=18) S.aureus (n=21) CoNS (n=06)
Tetracycline tetM 22 (66.67%) 16 (88.89%) 0.103 10 (55.56%) 17 (80.95%) 2(33.33%) 0.162
tetK 13 (39.39%) 4(22.22%) 0.351 6 (33.33%) 11 (52.38%) 1(16.67%) 0333
Erythromycin ermA 0 (0.00%) 0 (0.00%) ND 0 (0.00%) 0 (0.00%) 0 (0.00%) ND
ermC 2 (6.06%) 1 (5.56%) 1.000 1 (5.56%) 5(23.81%) 0 (0.00%) 0.189
Gentamicin aacA-aphD 6(18.18%) 3(16.67%) 1.000 3(16.67%) 9 (42.86%) 2 (33.33%) 0.095
Penicillin blaz 15 (46.87%) 10 (88.89%) 0.565 6 (33.33%) 15 (80.95%) 2(33.33%) 0.025
Methicillin mecA 15 (46.87%) 10 (88.89%) 0.565 17 (94.44%) 19 (90.48%) 6 (100%) 1.000

Table 3 Correlation between phenotypic resistance and detection of resistance-associated genes of food and clinical

isolates
Antibiotic Gene(s) Food isolates (n=51) Clinical isolates (S. aureus n=39)
S. aureus (n=33) CoNS (n=18) Hospital-acquired isolates ~ Community-acquired
(n=18) isolates (n=21)
Phenotypic Gene Phenotypic Gene Phenotypic Gene Phenotypic Gene
resistance detection resistance detection resistance detection resistance detection
Penicillin blaz 33 15 (45.5%) 15 7 (46.7%) 17 6 (35.3%) 19 13 (68.4%)
Methicillin mecA 1 (50.0%) 3 1(33.3%) 7 7 (100%) 14 13 (92.8%)
Gentamicin aacA-aphD 0 0 0 0 0 0 3 1(33.3%)
Erythromycin  ermC 0 1 1 (100%) 5 1 (20.0%) 11 4 (36.4%)
Tetracycline tetM 15 8 (53.3%) 10 9 (90.0%) 8 4 (50.0%) 10 9 (90.0%)
tetK 7 (46.7%) 2 (20.0%) 4 (50.0%) 8 (80.0%)
tetM + tetK 5(33.3%) 2 (20.0%) 2 (25.0%) 7 (70.0%)
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33.3%. In clinical isolates the correlation between resist-
ance and mecA gene was very high with 100% and 92.8%
in hospital-acquired and community-acquired S. aureus.

Discussion

The results of this study showed less prevalence of S.
aureus resistant to oxacillin in food isolates (6.1%) com-
pared to those reported previously 67.5% [35], 38.0% [36]
and 17.3% [37].

The prevalence of oxacillin-resistance in clinical iso-
lates was slightly similar to previous study in Algiers [38]
but lower than another study in eastern Algeria [39].

Staphylococcus aureus from food and clinical sam-
ples were phenotypically oxacillin-resistant with 6.1%
and 46.2%, respectively. From isolates 46.8% and 92.3%
of them harboured the mecA gene, respectively. In con-
trast, 38.0% of Portuguese S. aureus strains from food
samples were resistant to oxacillin but only 0.7% of them
harboured mecA gene [36] and in Libya, mecA gene was
not detected by PCR in MRSA isolated from hospitalized
patients [40].

In Morocco, Kenya, Nigeria and Cameroun relatively
high occurrence rates of MRSA were reported [41]. In
Algeria, the majority of MRSA did not represent a high
multidrug resistance rate [41, 42].

All isolates from food were resistant to penicillin which
was in agreement with previous reports [37, 43, 44] but
significantly higher than reported in other studies [35, 36,
45].

Staphylococcus aureus isolated from clinical samples
were highly resistant to penicillin (>90.0%) which is in
agreement with previous studies [46—49].

The presence of the blaZ gene did not influence pro-
duction of B-lactamase alone [50, 51]. Here, not all pen-
icillin-resistant S. aureus isolates from food (45.5%) and
clinical samples (52.8%) possessed blaZ gene.

All S. aureus isolates from food samples were suscep-
tible to gentamicin, which agrees with several reports
[36, 52, 53]. In all clinical isolates, the resistance rate of S.
aureus to gentamicin was 7.7% which was similar (7.0%)
with a study performed in Algeria [25]. In Algeria, no
resistance to gentamicin was found in staphylococci in
milk [54, 55]. One S. aureus isolate exhibiting phenotypic
resistance to gentamicin harboured the aacA-aphD gene
which is in contrast to previous studies [16, 33]. In this
study, aacA-aphD was detected more often in staphylo-
cocci isolates from clinical (31.1%) than those of food ori-
gin (17.6%).

Staphylococcus aureus isolates from food were slightly
resistant to erythromycin (9.1%) which was higher than
5% reported previously in Portugal [36], but significantly
lower than detected in China and Turkey [37, 56].
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The resistance of clinical S. aureus to erythromycin was
higher than reported previously in Algerian hospitals
[25]. The ermA gene encoded erythromycin-resistance
could not be detected in both S. aureus and CoNS from
clinical and food origin. In contrast, high rate of ermA
and ermC genes in MRSA isolates from hospitalized
patients was determined [57]. The correlation between
phenotypic susceptibility testing and detection of ermC
gene was 31.3% which was lower than obtained previ-
ously [16, 33]. In Libya, ermA and ermC genes could not
be detected in erythromycin-resistant S. aureus [40].

The resistance of S. aureus isolated from food sam-
ples to tetracycline was higher than reported formerly in
China [56], in Italy [6], in Portugal [36] and in Turkey [45].
Tetracycline resistance of S. aureus isolated from clinical
samples was considered lower than reported before [25,
48]. There was no significant difference between tetracy-
cline resistance in staphylococci isolated from food and
clinical samples. In contrast, a higher resistance rate to
tetracycline in food isolates compared to clinical iso-
lates was described [52]. The tetK and tetM genes were
detected in 53.3% and 60.0% in resistant S. aureus from
food samples, respectively. In clinical S. aureus isolates,
the correlation rate between phenotypic resistance and
prevalence of tetM and tetK genes was 72.2% and 66.7%,
respectively. The discrepancy between phenotypic resist-
ance to tetracycline and resistance determinants may
attributed to other mechanisms [15, 58].

Vancomycin was the most effective antimicrobial agent
against MRSA [41, 59]. In this study, three S. aureus
strains from food showed resistance to vancomycin. In
Turkey, 21.7% of S. aureus isolated from food samples
were resistant to vancomycin [37].

Most of CoNS isolates were resistant to penicillin,
tetracycline and erythromycin. In addition, 16.7% of
CoNS isolated from food samples were confirmed phe-
notypically as methicillin-resistant CoNS (MR-CoNS).
The mecA gene was detected in 75.0% of isolated CoNS
which was in agreement with previous study [33]. The
ermC gene was detected only in one CoNS isolate (5.6%)
which was in accordance with formerly reports [33, 60].
In contrast, staphylococci isolated in Turkey showed high
detection rate of ermC and ermA [61, 62].

In conclusion, the high prevalence of resistance to
penicillin, tetracycline and erythromycin was particu-
larly alarming. The knowledge about antibiotic resist-
ance of staphylococci originated from daily food from
markets and of community-acquired S. aureus is not
fully addressed in Algeria, yet. Information concern-
ing resistance in CoNS is very limited in this country.
Vancomycin-resistant isolates were found in food iso-
lates not in clinical ones. This study considered a first
impression on existing situation concerning antibiotic
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resistance on staphylococci from food and clinical
sources. Surveillance on antibiotic resistance and char-
acterization of staphylococci in Algeria is mandatory.

Limitations

This study used exclusively samples from cities of
Médéa and Ain Defla provinces, Algeria which limits
the generalisation of the results.
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