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Abstract

Background: Resistant Staphylococcus aureus (S. aureus) bacteria are considered among the major causes of food-
borne diseases. This survey aims to assess genotypic and phenotypic profiles of antibiotic resistance in S. aureus
bacteria isolated from ready-to-eat food samples.

Methods: According to the previously reported prevalence of S. aureus in ready-to-eat food samples, a total of 415
ready-to-eat food samples were collected from Tehran province, Iran. S. aureus bacteria were identified using culture
and biochemical tests. Besides, the phenotypic antibiotic resistance profile was determined by disk diffusion. In addi-
tion, the genotypic pattern of antibiotic resistance was determined using the PCR.

Results: A total of 64 out of 415 (15.42%) ready-to-eat food samples were contaminated with S. aureus. Grilled mush-
rooms and salad olivieh harbored the highest contamination rate of (30%), while salami samples harbored the lowest
contamination rate of 3.33%. In addition, S. aureus bacteria harbored the highest prevalence of resistance to penicillin
(85.93%), tetracycline (85.93%), gentamicin (73.43%), erythromycin (53.12%), trimethoprim-sulfamethoxazole (51.56%),
and ciprofloxacin (50%). However, all isolates were resistant to at least four antibiotic agents. Accordingly, the preva-
lence of tetK (70.31%), blaZ (64.06%), aacA-D (57.81%), gyrA (50%), and ermA (39.06%) was higher than that of other
detected antibiotic resistance genes. Besides, AacA-D + blaZ (48.43%), tetK+ blaZ (46.87%), aacA-D + tetK (39.06%),
aacA-D+ gyrA (20.31%), and ermA + blaZ (20.31%) were the most frequently identified combined genotypic patterns
of antibiotic resistance.

Conclusion: Ready-to-eat food samples may be sources of resistant S. aureus, which pose a hygienic threat in case of
their consumption. However, further investigations are required to identify additional epidemiological features of S.
aureus in ready-to-eat foods.
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nuggets, salad olivieh (chicken meat-based salad with
eggs and potatoes), salami, falafel (pea-based food with
high amounts of different spices), grilled mushrooms,
and Mexican corn are presented as street foods in Iran.
Use of low-quality raw materials and poor hygienic con-
ditions in preparation of these foodstuffs cause microbial
contamination [1, 2].

Staphylococcus aureus (S. aureus), i.e. a Gram-positive
and catalase-positive bacterium, is a major cause of food-
borne diseases with a short incubation period as well
as symptoms, such as weakness, vomiting, nausea, and
abdominal cramps in people [3, 4]. Contaminated food-
stuffs, particularly ready-to-eat food samples, are consid-
ered reservoirs of S. aureus [5, 6].

This bacterium develops resistance to diverse kinds
of antibiotic agents [7]. Resistant S. aureus bacteria are
responsible for about 100,000 infectious disease cases,
with about an annual mortality rate of 20-30% in the
United States [8]. Resistant S. aureus bacteria cause com-
plicated diseases for a long period [9]. Research reports
that S. aureus bacteria harbor high resistance to diverse
kinds of antibiotic drugs, particularly penicillins, cepha-
losporins, tetracyclines, aminoglycosides, macrolides,
and fluoroquinolones [7, 10].

Some antibiotic resistance genes are responsible for
development of antibiotic resistance in S. aureus strains
[11]. TetK and tetM (tetracycline resistance genes),
ermA and msrA (macrolide resistance genes), gyrA and
grlA (fluoroquinolone resistance genes), blaZ (penicillin
resistance gene), dfrA (folate inhibitor resistance gene),
rpoB (ansamycin resistance gene), aacA-D (aminoglyco-
side resistance gene), /inA (lincosamide resistance gene),
and catl (phenicol resistance gene) are the major resist-
ance genes among S. aureus bacteria [11].

Given the high consumption rate of ready-to-eat food-
stuffs in Iran and the high importance of S. aureus as a
food-borne pathogen, the present survey was performed
to assess the prevalence as well as phenotypic and geno-
typic patterns of antibiotic resistance in S. aureus bacteria
isolated from diverse kinds of ready-to-eat food samples.

Results

Table 1 shows the prevalence of S. aureus in diverse
kinds of ready-to-eat food samples. A total of 64 out of
415 (15.42%) ready-to-eat food samples were contami-
nated with S. aureus. Accordingly, grilled mushrooms
(30%) and salad olivieh (30%) were the most commonly
contaminated samples. In contrast, the lowest prevalence
of S. aureus was found in salami samples (3.33%). A sta-
tistically significant difference was observed between dif-
ferent types of ready-to-eat food samples and S. aureus
prevalence (P<0.05).
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Table 1 Prevalence of S. aureus in diverse kinds of ready-to-eat
food samples

Types of samples No. of samples No. of samples

collected positive for S. aureus
(%)

Hamburgers 75 7(9.33)

Chicken nuggets 70 5(7.14)

Salad olivieh 60 18 (30)

Salami 60 2(3.33)

Felafel 50 10 (20)

Grilled mushrooms 50 15 (30)

Mexican corn 50 7 (14)

Total 415 64 (15.42)

Table 2 shows the phenotypic profile of antibiotic
resistance in S. aureus strains isolated from diverse kinds
of ready-to-eat food samples. Accordingly, S. aureus
isolates harbored the highest prevalence of resistance
to the antibiotics of penicillin (85.93%), tetracycline
(85.93%), gentamicin (73.43%), erythromycin (53.12%),
trimethoprim-sulfamethoxazole (51.56%), and ciproflox-
acin (50%). However, the lowest prevalence of resistance
was found to the antibiotic agents of rifampin (26.56%),
doxycycline (26.56%), and chloramphenicol (28.12%).
The prevalence of resistance to the antibiotic agents of
amikacin, azithromycin, levofloxacin, and clindamycin
was 35.93%, 42.18%, 37.50%, and 37.50%, respectively.
Accordingly, a statistically significant difference was
observed between various types of ready-to-eat food
samples and prevalence of antibiotic resistance (P<0.05).
Moreover, significant differences were observed in the
prevalence of resistance between antibiotic agents of gen-
tamicin and amikacin (P<0.05), azithromycin and eryth-
romycin (P<0.05), tetracycline and doxycycline (P <0.05),
as well as ciprofloxacin and levofloxacin (P <0.05).

Figure 1 shows the prevalence of multi-drug resistant
S. aureus strains isolated from ready-to-eat food samples.
Accordingly, the prevalence of resistance to at least four
antibiotic agents was 100%, while it amounted to 37.50%
in more than eight antibiotic agents.

Table 3 shows the genotypic profile of antibiotic resist-
ance in S. aureus strains isolated from diverse kinds of
ready-to-eat food samples. According to the table, TetK
(70.31%), blaZ (64.06%), aacA-D (57.81%), gyrA (50%),
and ermA (39.06%) were the most frequently identified
antibiotic resistance genes. Prevalence of tetM (10.93%),
grlA (10.93%), linA (18.75%), and rpoB (18.75%) was
lower than that of other antibiotic resistance genes.
Besides, there was a statistically significant differ-
ence between various types of samples and prevalence
of antibiotic resistance genes (P<0.05). Furthermore,
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statistically significant differences were observed in the
distribution of the antibiotic resistance genes of tetK and
tetM (P<0.05), msrA and ermA (P<0.05), as well as gyrA
and grlA (P<0.05).

Table 4 shows the combined genotypic profile of anti-
biotic resistance in S. aureus strains isolated from diverse
kinds of ready-to-eat food samples. Accordingly, a total
of 19 diverse combined genotypic patterns of antibi-
otic resistance were identified in the S. aureus isolates.
Besides, AacA-D+blaZ (48.43%), tetK+ blaZ (46.87%),
aacA-D + tetK (39.06%), aacA-D+ ermA (20.31%), aacA-
D+gyrA (20.31%), and ermA + blaZ (20.31%) were the
most frequently identified combined genotypic pat-
terns of antibiotic resistance. In addition, prevalence of
msrA+gyrA (3.12%), ermA+rpoB (3.12%), tetK+ rpoB
(4.68%), aacA-D+rpoB (6.25%), blaZ+rpoB (7.81%),
tetK+msrA (10.93%), and ermA+gyrA (10.93%) was
lower than that of other identified combined antibiotic
resistance profiles. However, none of the S. aureus iso-
lates harbored the combined msrA+rpoB genotypic
pattern.

Discussion
Contaminated ready-to-eat food samples, especially
those of an animal origin, are considered probable causes
of S. aureus transmission to the human population [12].
The present survey was performed to evaluate the
prevalence as well as phenotypic and genotypic profiles
of antibiotic resistance in S. aureus bacteria isolated from
the samples of hamburgers, salami, grilled mushrooms,
falafel, salad olivieh, chicken nuggets, and Mexican corn.
The prevalence of S. aureus was 15.42% in the examined

samples. Besides, a higher prevalence was observed in
grilled mushrooms (30%) and salad olivieh (30%), while
a lower prevalence was found in salami samples (3.33%).
This finding could have been due to the different levels of
water activity (a,,) and pH values in diverse food samples.
Furthermore, the use of low-quality and contaminated
raw ingredients might be the reason for the high preva-
lence of bacteria in ready-to-eat food samples. However,
the transmission of S. aureus from infected staff to food
samples should be recognized as well. Foodstuff contami-
nation with S. aureus may be directly caused by infected
food animals, or their products, such as meat, or by poor
hygiene throughout their processing. The low prevalence
of S. aureus in salami samples could have been due to
the high temperature used in their processing. A similar
survey was conducted by Safarpoor Dehkordi et al. [13],
in which they showed the prevalence of S. aureus in raw
meat, raw chicken, grilled meat, grilled chicken, soup,
salad, and rice samples collected from hospital kitchens
was 26.31%, 27.02%, 16.12%, 8.53%, 6.38%, 7.14%, and
4.20%, respectively. Besides, they showed that food sam-
ple manipulation by the infected staff of hospital kitch-
ens was the main causative factor for development of S.
aureus. Hasanpour Dehkordi et al. [7] reported that the
prevalence of S. aureus bacteria in diverse kinds of food
samples was within the range of 10.00 and 24.00%. A
high prevalence of S. aureus bacteria was also reported
in diverse kinds of foodstuffs from the continents of
Asia [12, 14], Europe [15-20], Africa [21], America [22,
23], and Australia [24]. In the same vein, Wu et al. [25]
reported that the prevalence of S. aureus in raw meat,
pork, beef, poultry and mutton, sausages, frozen meat,



Page 5 of 12

(2021) 49:81

Mesbah et al. Trop Med Health

(Szrghcl «gLgvl (evea) Sl (Szgl el (€60L) £ (09) Lz (e60L) £ (1€02) S (90'6€) ST (9590) L1 (1829 L8 (90%9) v (#9) 12301
Byl (LS80¢C (1580 C (8crl) L (8TvL)L (L5880 T - ((AWA R A WA R 2 (1580 ¢ WSy wLLS) ¥ (£) uiod uedixay
(G1) swoou
00e (egel)e (ecel e (€ce e 001 (€€€9) G 00 L (€een 1L €6 S (9990) ¥ (09) 6 (9999) 01 -ysnwi pa|Iis
(00 ¢ (09) € 0€) ¢ (00 ¢ ount (00 ¢ (09) L (09) 9 (ov) ¥ 08 € (09) S 09)9 (O1) 1948124
- - - - - (09) L - (09) L 05) L - (09) L (09) L (0) lwejes
(e o (cce v (Lrrae (e (ceee)9  (LL1D¢ (Lrenvl L0 S ey (9999) ¢l (ST'L8) €L (81) YalAO pejes
(9
(ov) ¢ ov) ¢ (ov) ¢ (ov) ¢ (ov) L ov) ¢ ov) L (08) ¥ (09) € (ov) ¢ (ov) ¢ (09) ¢ s1ebbnU UBPIYD
(ts80C  (S8DC (£580) T (L5800 T (L5801 (S8t € (L5801 (vl s (Sge) ¢ (L5880 T ((AWASEY wLL8) v (£) siebanquieH
godi [§175] vip wvuly Vb ViAb Wia Mi1a1 ywia visw a-yopop Z0|q
sioxqryul
supAwesuy s|odiuayd 9)ejo{ saplwesodul] sauojouinboion|4 saulpA>ens] sopljode  sapisodA|bourwy  suljjidIudg

auab aduejsisal dijoique yoea paltogiey saye|os! (%) N

(snainp
'S N) suibuo

sa|duwes pooy 189-01-Apeai JO SPUIY 9SISAID UIOL) PRISAODRI S31B|OSI SN2/ND S Ul 9DURISISaI Dl10IgiuUe Jo 9|yoid d1dA1ouan) € ajqel



Page 6 of 12

(2021) 49:81

Mesbah et al. Trop Med Health

(£8'9%)
(182)5  (90¥l)6 - @9c @osyolL reoc (oo (g0 el B89 € (€9sL)ol 0e  (e601) £ (SL81)¢CL (ST v (Lo el (ev8y) 1e (05T 8 (LE0D) €L (90'6€) ST (#9) [e20L
()
- @)L - - @Bvl) L - @Bcrl) L (s8¢ - (8wl) L.s8D) T (8Twl) L (LS80 T - By L (Ls80¢C (8TYL) L (£L580) T (£587) T  UIOD URDIXAN
(S1) wool
(ceene (00 € - (9991 (g€ (999 L (eg€lC (0De (9991  (ecel)eleees) 8 (egee (D€ (€gel) e (00 e (ec€9)8 (ceeNe  (0O¢ 0¥ 9  -ysnw psjjuo
- L)1 - - (00) ¢ - outL (00) ¢ (o)1 oLt (v v (oL) 1 (00t - (o)1 (ov) ¥ ot (e (0€) € (01) 124e124
- - - - - - - (09) L - - (091 - (091 - (09) 1 (09) L - (091 (09) L (¢) \wiees
(55°59) @81)
(g9 L (L't - (SS9l (LLoe (8591 (tritye (woe (5591 (ccea vy 0l (ssoLrine (SS9 L (LLL0€  (s§SS)0L (e e (09) 6 YSIAIO pejES
() 5196
001 001 - - 00 L - - 00 L - 001 orc 0oL (001 - om e 09 € 0L 001 vz -bnuuaydiyd
(£) s12
(LS80 L (£580) L - - 01 A (LS80 L (LS80 L - (Wss8dlL 0¢ (S8 (Ls8D L (LS80 L (LS80 ¢  (S8Th) € (£6580) 1 (L5801 (LS80 T -binquiey
godi "2007) godi 172147 zZp|q  godi viAb zZojq  godi vikb  zpj|q vasw yuua godi vifb Z0|q visw ywia pYiE]
+2zp|Q  +Zp|Q +VviswWw  +yisw  +yisw +yuwus + yuwua +ywia  +)19) +)181 +H93 +191 +)19) +Q@-¥Ipp +Q@-YI00 +Q-¥YIDD +Q-¥YIPD +Q-YIPD +g-YIDD
(snainp

sauab 23ue)sisal D1J0IGIIUR PAUIGUIOD palogJey s33e|ost (%) N *S N) SUIbLO

so|duwes pooy 189-01-Apeal JO SPUP 3SISAID WO PAISAODII S31|OS| SNaJND °S Ul 9DUB)SISAI D110Igiue Jo 9jyoid didAlousb pauiquio) ¢ ajqel



Mesbah et al. Trop Med Health

Table 5 PCR circumstances used for genotypic assessment of antibiotic resistance [48, 55-61]

(2021) 49:81

Page 7 of 12

Target gene Primer sequence (5’-3') PCR PCR programs PCR volume (50 pL)
product
(bp)
AacA-D F: TAATCCAAGAGCAATAAGGGC 227 1 cycle: 5 pL PCR buffer 10x
R: GCCACACTATCATAACCACTA 94 °C ——— 5 min
ermA F: AAGCGGTAAACCCCTCTGA 190 25 cycle: 1.5 mM Mgcl,
R: TTCGCAAATCCCTTCTCAAC
94 °C ————— 60 s 200 uM dNTP (Fermentas)
55°C—— 70s 0.5 uM of each primer F & R
tetk F: GTAGCGACAATAGGTAATAGT 360 72°C—— 60 s 1.25 U Tag DNA polymerase (Fermentas)
R: GTAGTGACAATAAACCTCCTA
1 cycle 2.5 L DNA template
72°C———— 10 min
tetM F: AGTGGAGCGATTACAGAA 158 1 cycle: 5 uL PCR buffer 10x
R: CATATGTCCTGGCGTGTCTA 94 °C ————- 6 min 2 mM Mgcl,
34 cycle 200 uM dNTP (Fermentas)
95°C——- 50s
55°C——— 70s 0.5 uM of each primer F & R
72°C——— 60 s 1.5 U Tag DNA polymerase (Fermentas)
1 cycle: 5 uL DNA template
72°C—— 8 min
msrA F: GGCACAATAAGAGTGTTTAAAGG 940 1 cycle: 5 pL PCR buffer 10x
R: AAGTTATATCATGAATAGATTGTCCTGTT 94 °C ————— 6 min 2 mM Mgcl,
34 cycle: 150 uM dNTP (Fermentas)
95 °C——— 60s
50 °C——— 70s 0.75 uM of each primer F & R
72 °C———— 70s 1.5 U Tag DNA polymerase (Fermentas)
1 cycle: 3 uL DNA template
72 °C——— 8 min
linA F: GGTGGCTGGGGGGTAGATGTATTAACTGG 323 1 cycle: 5 pL PCR buffer 10x
R: GCTTC GAAATACATGGTATTTTTCGA 94 °C ———— 6 min 2 mM Mgcl,
30 cycle 150 UM dNTP (Fermentas)
95°C ——— 60 s
57 °C———— 60s 0.75 uM of each primer F &R
72°C ————~ 60s 1.5 U Tag DNA polymerase (Fermentas)
1 cycle 3 uL DNA template
72°C——— 10 min
blaz F: ACTTCAACACCTGCTGCTTTC 490 1 cycle: 5 pL PCR buffer 10x
R: TGACCACTTTTATCA CAACC 94 °C ——— 5 min 2 mM Mgcl,
30 cycle 150 uM dNTP (Fermentas)
94 °C ————— 205
60 °C —————— 30s 0.75 uM of each primer F &R
72°C——— 90s 1.5 U Tag DNA polymerase (Fermentas)
1 cycle: 3 uL DNA template
72 °C———— 5min
catl F: AGTTGCTCAATGTACCTATAACC 547 1 cycle: 5 pL PCR buffer 10x
R: TTGTAATTCATTAAGCATTCTGCC 94 °C————— 8 min 2 mM Mgcl,
32 cycle 150 uM dNTP (Fermentas)
95 °C————— 60s
55 C——— 70s 0.75 UM of each primer F &R
72 °C———— 2 min 1.5 U Tag DNA polymerase (Fermentas)
1 cycle: 3 uL DNA template
72 °C ————— 8 min
gyrA F: AATGAACAAGGTATGACACC 223 1 cycle: 5 uL PCR buffer 10X
R: TACGCGCTTCAGTATAACGC 94 °C ————- 10 min
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Table 5 (continued)
Target gene Primer sequence (5'-3’) PCR PCR programs PCR volume (50 pL)
product
(bp)
grlA F: ACTTGAAGATGTTTTAGGTGAT 459 25 cycle: 2 mM Mgcl,
R: TTAGG AAATCTTGATGGCAA 94 °C ————— 20s 150 uM dNTP (Fermentas)
52°C——— 20 0.75 uM of each primer F &R
72°C———— 50s 1.5 UTag DNA polymerase (Fermentas)
1 cycle: 3 uL DNA template
72°C———— 5 min
dfrA F: CTCACGATAAACAAAGAGTCA 201 1 cycle: 5 pL PCR buffer 10x
R: CAATCATTGCTTCGTATAACG 94 °C ——— 2 min
30 cycle: 2 mM Mgcl,
94 °C ———— 60s 150 UM dNTP (Fermentas)
50°C ————- 60s 0.75 uM of each primer F & R
72 °C——— 60 s 1.5 U Tag DNA polymerase (Fermentas)
1 cycle: 3 uL DNA template
72 °C———— 5min
rpoB F: ACCGTCGTTTACGTTCTGTA 460 1 cycle: 5 pL PCR buffer 10x
R: TCAGTGATAGCATGTGTATC 94 °C ————— 5min
32 cycle: 2 mM Mgcl,
94 °C ———— 60s 150 uM dNTP (Fermentas)
56 °C ————— 45s 0.75 uM of each primer F &R
72°C———— 60 s 1.5 UTag DNA polymerase (Fermentas)
1 cycle: 3 uL DNA template
72 °C——— 10 min

pork, beef, poultry, mutton, and dumpling, and ready-to-
eat meat, pork, beef, poultry, and mutton samples were
51.00%, 47.70%, 50.40%, 67.90%, 54.50%, 18.60%, 43.30%,
50.00%, 31.40%, 60.90%, 30.90%, 29.40%, 12.20%, 12.70%,
25.00%, 11.80% and 0%, respectively. In addition, they
reported that the prevalence of S. aureus in ready-to-eat
food samples was relatively lower than that in raw prod-
ucts, which could have been due to processing opera-
tions, such as heating as well as the adding of additives to
ready-to-eat food samples. Achi and Madubuike (2007)
reported that the prevalence of S. aureus in ready-to-eat
fish sausage, meat sausage, fried fish, fried meat, suya,
moin moin, wash water, and rinse water samples was
23.60%, 29.70%, 8.30%, 6.60%, 17.20%, 13.40%, 27.60%,
and 18.10%, respectively [26]. Similarly, they introduced
water and ready-to-eat food samples as the sources of S.
aureus.

Findings of the present survey showed a high prev-
alence of resistance to diverse classes of antibiotic
agents, particularly penicillins, tetracyclines, amino-
glycosides, macrolides, fluoroquinolones, phenicols,
and ansamycins. Additionally, some strains harbored
antibiotic resistance genes. Chloramphenicol is a for-
bidden antibiotic agent, which is sometimes used to
treat infections in poultry. Emergence of resistance to
this antibiotic may imply its unauthorized prescription.

Besides, development of antibiotic resistance to chloram-
phenicol could indirectly imply the poultry-based origin
of the isolated S. aureus bacteria. Most of the examined
samples, particularly salad olivieh, chicken nuggets, and
hamburgers were made from poultry meat and its prod-
ucts. Additionally, S. aureus bacteria isolated from salad
olivieh, chicken nugget, and hamburger samples had
a moderate prevalence of chloramphenicol resistance
(16.66%, 80%, and 14.28%, respectively). Moreover, the
prevalence of the catl chloramphenicol encoding gene
among the S. aureus bacteria isolated from salad olivieh,
chicken nugget, and hamburger samples was high, hav-
ing been 27.77%, 40%, and 28.57%, respectively. Thus, the
findings could indirectly verify the origin of the S. aureus
isolates.

A high prevalence of multi-drug resistant S. aureus
harboring resistance to tetracyclines [13, 27-29], phen-
icols [13, 27, 28], penicillins [13, 27-30] macrolides [13,
27-30], aminoglycosides [13, 27-31], folate inhibitors
[12, 25-29], lincosamides [13, 27-30], fluoroquinolo-
nes [13, 27-31], ansamycins [13, 27-29], and cephems
[13, 27-30] was also established by diverse studies.
Besides, the high prevalence of linA, aacA-D, ermA and
msrA, gyrA and grlA, blaZ, catl, tetK and tetM, rpoB,
and dfrAl antibiotic resistance genes was reported
in the current survey. Safarpoor Dehkordi et al. [13]
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reported that the prevalence of resistance of S. aureus
bacteria isolated from processed food samples to peni-
cillin, ceftaroline, gentamicin, amikacin, kanamycin,
azithromycin, erythromycin, tetracycline, doxycycline,
ciprofloxacin, levofloxacin, clindamycin, trimethoprim-
sulfamethoxazole, chloramphenicol, and rifampin anti-
biotic agents was 100%, 10%, 81.08%, 70.27%, 43.24%,
59.45%, 86.48%, 100%, 81.08%, 48.64%, 43.24%, 48.64%,
83.78%, 29.72%, and 35.13%, respectively. Besides, they
reported that the prevalence of aacA-D, tetK, tetM,
msrA, ermA, ermC, and linA antibiotic resistance genes
was 62.16%, 72.97%, 27.02%, 64.86%, 72.97%, 27.02%,
and 43.24%, respectively. In contrast to our findings,
they found that vatA (45.94%), vatB (18.91%), and
vatC (5.40%) antibiotic resistance genes were among
methicillin-resistant Staphylococcus aureus (MRSA)
isolates. Besides, a higher prevalence of resistance to
antibiotic agents was reported in their study because
they assessed MRSA isolates, which according to them,
harbored a higher prevalence of resistance. Fowoyo and
Ogunbanwo [32] reported that the S. aureus bacteria
isolated from ready-to-eat foodstuffs harbored a high
prevalence of resistance to trimethoprim-sulfameth-
oxazole (74.90%), ampicillin (86.70%), cefotaxime
(3.50%), amoxicillin-clavulanic acid (52.50%), ciproflox-
acin (23.90%), oxacillin (35.70%), gentamicin (11.40%),
erythromycin (15.70%), and ofloxacin (7.10%). Com-
pared to the present research, they reported a higher
prevalence of resistance to trimethoprim-sulfamethox-
azole (74.90%), while a lower prevalence of resistance
to erythromycin (15.70%), gentamicin (11.40%), and
ciprofloxacin (23.90%) was reported by them. This find-
ing could be due to the fact that they only assessed the
antibiotic resistance pattern of the coagulase-negative
staphylococcal genus. The relatively low prevalence of
resistance to chloramphenicol (8.33%) may be due to its
illegal and unselective prescription, especially in veteri-
nary medicine [33, 34]. A high prevalence of tetK, blaZ,
aacA-D, gyrA, and ermA antibiotic resistance genes
was reported in Algeria [35], South Africa [36], China
[37], and Taiwan [38]. Akanbi et al. [39] reported that
blaZ, mecA, rpoB, ermB, and tetM were the most com-
monly identified antibiotic resistance genes among the
S. aureus bacteria isolated from food samples in South
Africa. A high distribution of mecA, gyrA, griA, and cfr
was reported in the S. aureus bacteria recovered from
chicken meat in Egypt [40]. Consistent with the present
survey, an Iranian survey [41] showed that oxacillin,
gentamicin, penicillin, tetracycline, and erythromycin-
resistant S. awureus bacteria, isolated from milk and
dairy products, carried a high prevalence of blaZz,
aacA-aphD, mecA, tetK and tetM, ermB, ermA, ermT,
ermC, msrB, and msrA antibiotic resistance genes. In
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the same vein, a similar phenotypic profile of antibiotic
resistance was reported in Iran [42] and China [43].

Findings of the present research revealed that the preva-
lence of resistance to more than one antibiotic agent was
high among the S. aureus isolates. On the other hand, all
isolated bacteria harbored resistance to at least four types
of antibiotic agents. Furthermore, the prevalence of resist-
ance to more than eight antibiotic agents was 28.12%.
Moreover, the isolates harbored the concurrent presence
of two antibiotic resistance genes, particularly aacA-
D+ blaZ, tetK+blaZ, aacA-D +tetK, aacA-D + gyrA, and
ermA+blaZ together. A high prevalence of multi-drug
resistant S. aureus was reported in previous investigations
as well [44—-46]. However, the literature review showed no
report on the prevalence of gyrA, vatC, blaZ, vatA, catl,
rpoB, dfrA, linA, vatB, msrA, aacA-D, ermA, griA, tetK,
and tetM genes among the S. aureus bacteria recovered
from ready-to-eat food samples. The methylase enzyme
modulates the most important mechanism involving
resistance to clindamycin, often encoded by the ermA
gene [47]. The majority of our isolates carried two tetra-
cyclines, two erythromycins, one macrolide, and several
streptogramin resistance genes. According to research,
the presence of the tetK gene on small multicopy plas-
mids and tetM on conjugative transposons makes them
spread [48]. Some of the S. aureus bacteria harbored the
ermA gene that is often located on small multicopy plas-
mids present in many different staphylococcal species.
The ermA gene is usually carried by transposons, which
explains its high prevalence among the S. aureus bacte-
ria. The blaZ gene encoding beta-lactamase production
mainly causes resistance to benzylpenicillin. Our results
suggest that blaZ may play a major role in the occurrence
of resistance to penicillins, but it cannot be used alone as
an indicator for penicillin resistance.

Conclusion

In conclusion, the high prevalence of S. aureus in the
examined samples, particularly in grilled mushrooms
and olivieh salad and a high prevalence of resistance to
diverse classes of antibiotic agents and different antibi-
otic resistance genes were reported in this study. A high
prevalence of resistance to penicillin, tetracycline, gen-
tamicin, erythromycin, trimethoprim-sulfamethoxazole,
and ciprofloxacin antibiotic agents as well as the pres-
ence of tetK, blaZ, aacA-D, gyrA, and ermA antibiotic
resistance genes were reported in the present survey.
Furthermore, the high prevalence of multi-drug resistant
bacteria and the presence of aacA-D+ blaZ, tetK+ blaZ,
aacA-D+tetK, aacA-D+gyrA, and ermA+blaZ genes
together may indicate the leading role of ready-to-eat
food samples in the transmission of antibiotic-resistant
S. aureus to human populations. Accordingly, the use
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of high-quality raw materials, proper hygienic food-
processing conditions, the adequate cooking of food
samples, cross-contamination prevention, and antibi-
otic prescription rendering the outcomes of disk dif-
fusion could diminish the risk of antibiotic-resistant
S. aureus in the examined samples. Further surveys are
recommended to be conducted to illuminate other epi-
demiological aspects of antibiotic-resistant S. aureus in
ready-to-eat food samples.

Methods

Samples

From April to November 2018, a total of 415 different
kinds of ready-to-eat food samples, such as hamburgers
(n=75), chicken nuggets (n="70), salad olivieh (n=60),
salami (n=60), falafel (n=50), grilled mushrooms
(n=50), and Mexican corn (n=50) were randomly col-
lected from the fast-food restaurants of the Tehran prov-
ince, Iran. Sampling was performed in highly consumed
ready-to-eat food samples. According to the low diver-
sity of ready-to-eat food-producing restaurants in Iran,
sampling was done in all of them. To this end, simple
stratified sampling was performed according to the pro-
duction volume of each fast food unit. Besides, the sam-
ples (100 g) were directly delivered to the Food Hygiene
Research Center. In addition, the food samples were
transported in cool boxes with ice packs.

S. aureus isolation and identification

As many as 20 g of each collected ready-to-eat food sam-
ple was blended with 225 mL of buffered peptone water
(Merck, Germany). Next, the solutions were homog-
enized using a stomacher (Interscience, Saint-Nom,
France). Consequently, 5 mL of the produced solution
was transferred to 50 mL of Trypticase Soy Broth (TSB,
Merck, Germany) supplemented with 10% NaCl and
1% sodium pyruvate, which was then incubated for 18 h
at 35 °C. Next, a loopful culture was transferred to the
Baird-Parker agar supplemented with an egg yolk tellur-
ite emulsion (Merck, Germany) and incubated at 37 °C
for about 24 h. Black shiny colonies surrounded with 2-
to 5-mm clear zones were identified based on gram stain-
ing, hemolytic activity on the sheep blood agar (Merck,
Germany), catalase test, coagulase test (rabbit plasma),
oxidase test, OF glucose test, bacitracin sensitivity test
(0.04 U), mannitol fermentation on the Mannitol salt
agar (Merck, Germany), urease activity, nitrate reduc-
tion, phosphatase, deoxyribonuclease (DNase, Merck,
Germany) test, Voges-Proskauer (VP) (Merck, Germany)
test, and carbohydrate (xylose, sucrose, trehalose and
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maltose, fructose, lactose, and mannose) fermentation
test [13].

Phenotypic assessment of antibiotic resistance

The phenotypic pattern of antibiotic resistance in S.
aureus bacteria was investigated using the disk diffusion
method on the Mueller—Hinton agar (Merck, Germany).
For this purpose, the principles of the Clinical Laboratory
Standard Institute (CLSI) were used [49]. Accordingly,
various kinds of antibiotic agents, including aminoglyco-
sides (amikacin (30 pg/disk) and gentamicin (10 pg/disk)),
fluoroquinolones (levofloxacin (5 pg/disk) and ciproflox-
acin (5 pg/disk)), lincosamides (clindamycin (2 pg/disk)),
macrolides (erythromycin (15 pg/disk) and azithromycin
(15 pg/disk)), penicillins (penicillin (10 pg/disk)), tetracy-
clines (doxycycline (30 pg/disk) and tetracycline (30 pg/
disk)), phenicols (chloramphenicol (30 pg/disk)), folate
pathway inhibitors  (trimethoprim-sulfamethoxazole
(25 pg/disk)) and ansamycins (rifampin (5 pg/disk)) were
used (Oxoid, UK). The test was performed using the
protocol already explained [49-52]. Besides, S. aureus
(ATCC 43,300) was used as a quality control organism to
determine antimicrobial susceptibility.

Genotypic assessment of antibiotic resistance

S. aureus isolates were sub-cultured on TSB media
(Merck, Germany) and incubated for 48 h at 37 °C.
Besides, genomic DNA was extracted from bacterial
colonies using the DNA extraction kit (Thermo Fisher
Scientific, St. Leon-Rot, Germany) according to the man-
ufacturer’s instructions. Next, the purity (A260/A280)
and concentration of the extracted DNA were checked
(NanoDrop, Thermo Scientific, Waltham, MA, USA). In
addition, the DNA’s quality was assessed on a 2% agarose
gel stained with ethidium bromide (0.5 pg/mL) (Thermo
Fisher Scientific, St. Leon-Rot, Germany) [53, 54].

Table 5 shows the PCR conditions met for genotypic
assessment of antibiotic resistance [48, 55-61]. A pro-
grammable DNA thermocycler (Eppendorf Mastercy-
cler 5330, Eppendorf-Nethel-Hinz GmbH, Hamburg,
Germany) was used in all PCR reactions. In addition,
amplified samples were analyzed by electrophoresis
(120 V/208 mA) in a 2.5% agarose gel that was stained
with 0.1% ethidium bromide (0.4 pg/ml). Besides, UVI
doc gel documentation systems (Grade GB004, Jencons
PLC, London, UK) were used to analyze images.

Statistical analysis

Statistical analysis was performed by SPSS Statistics 21.0
(SPSS Inc., Chicago, IL, USA). Chi-square and Fisher’s
exact two-tailed tests were performed to assess any sig-
nificant relationship between the prevalence of S. aureus
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bacteria and their phenotypic and genotypic properties
of antibiotic resistance. Besides, p-value <0.05 was con-
sidered statistically significant [62].

Abbreviations
S. aureus: Staphylococcus aureus; PCR: Polymerase chain reaction; SPSS: Statisti-
cal package for the social sciences.
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