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n INTRODUCTION

Foodborne diseases are considered a glob-
al public health challenge. According to the 

World Health Organization (WHO) estimate, 600 
million cases of illness were induced by over 30 
foodborne pathogens in 2010. Over 200 diseases 
are caused by contamination of foods with harm-
ful bacteria, parasites, viruses and chemical ma-
terials [1]. Among bacteria, the genus Staphylococ-
cus is one of the most prominent food poisoning 
agents [2]. Staphylococcal food poisoning (SFP) 

often occurs following ingestion of at least 1.0 μg 
of staphylococcal enterotoxin in food [3]. Staphy-
lococcus spp. are considered as skin and mucosal 
normal flora of humans and several animal spe-
cies such as cows and sheep [4]. They can also 
be found in environmental sources and a wide 
range of foodstuffs [5]. Additionally, they are 
used as the starter in some fermented foods such 
as cheeses in order to produce favorite flavor and 
aroma [6]. Confectioneries often contain various 
amounts of different dairy products and can be 
produced by food handlers; thus they can act as 
sources of contamination and transmission of en-
terotoxigenic staphylococci. Currently, more than 
80 species and subspecies of the genus Staphy-
lococcus have been characterized [7]. They are 
commonly divided into 2 groups: coagulase-pos-
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Confectionery is one of the potential sources of contam-
ination and transmission of gastrointestinal infections 
to humans. Staphylococcus species, and particularly the 
coagulase-positive ones, have the remarkable capability 
to produce high amounts of enterotoxin in food. In the 
present study, the frequency and diversity of Staphylo-
coccus in confectioneries in Iran were assessed by using 
a combination of conventional and molecular methods. 
A total of 55 confection samples were collected from 30 
confectioneries of Isfahan. They were analyzed for the 
presence of Staphylococcus using standard protocols 
for isolation and characterization of the isolates. The 
conventional tests were used for primary identification 
and the sequence analysis of 16S rRNA was used for 
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the species identification. A total of 47 out of 55 samples 
were gram-positive cocci (85.45%). They belonged to 39 
Staphylococcus spp., 7 Macrococcus spp., and one Mic-
rococcus spp. The most prevalent 11 various Staphylo-
coccus species were S. aureus 30.8%, S. warneri 20.5% 
and S. succinus 17.9. Identification and characterization 
of Staphylococcus species can be important for epidemi-
ological investigations and assessment of virulence fac-
tors such as enterotoxin production and development of 
specific management practices to prevent staphylococ-
cal food poisoning.
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itive staphylococci (CPS) and coagulase-negative 
staphylococci (CNS) [5]. Staphylococcus aureus, 
the prototype CPS, is enterotoxigenic and re-
sponsible for the majority of SFP cases. However, 
several studies reported that CNS isolated from 
foods can also produce enterotoxins and may be 
involved in food poisoning [3, 6, 8-12]. Accurate 
identification of staphylococci to species level is 
necessary to follow up toxigenic species and for 
epidemiological investigations. Manual and auto-
mated phenotypic identification methods are not 
entirely reliable to accurately identify all staphy-
lococcal species [13, 14]. Most of these methods 
have been designed for detection of frequently 
involved species in human clinical samples and 
cannot identify rare species and atypical strains 
that may exist in food stuffs [13]. In addition to 
routine phenotypic methods, several DNA-based 
methods for Staphylococcus species identification 
have been described. Some studies have demon-
strated that molecular methods are preferable 
to phenotypic methods [15, 16]. One applicable 
molecular method is the evaluation of polymor-
phism in housekeeping genes such as 16S rRNA 
gene by Polymerase Chain Reaction (PCR) and 
sequencing. 
In Iran, national standards are focused only on 
detection of S. aureus in sweets [17]. As previous-
ly mentioned, other Staphylococcus species can 
also be the causative agent of SFPs. Since pastries 
are popular and are widely consumed in many 
countries, isolation and identification of contami-
nating Staphylococcus species can have important 
health ramifications [18]. The diversity of Staphy-
lococcus species isolated from confectioneries has 
not been studied in our region. In this study, we 
aimed to isolate staphylococci from confectioner-
ies in Isfahan using routine phenotypic methods 
and identify bacterial species by partial 16S rRNA 
sequencing.

n MATERIALS AND METHODS

Sampling, isolation and conventional identification
In a descriptive study conducted during Septem-
ber to December 2015, 55 confectionery samples 
including sweet pastries, cakes, and similar baked 
goods were collected from 30 confectionery stores 
in various sections of Isfahan, Iran. The samples 
were processed within 12 h of the collection in 

microbiology laboratory of Isfahan Infectious 
Diseases and Tropical Medicine Research Center. 
To isolate staphylococci, 10 grams of the collected 
samples were suspended in 90 ml sterile phos-
phate buffered saline, pH 7.4 (PBS) for 10 min. Ten 
mL of the suspension was added to 10 mL of Gi-
olitti - Cantoni broth (HiMedia, India). The tubes 
were incubated at 37°C for 18-24 hours. Then, 10 
μL of the enriched cultures were streaked on Baird 
Parker Agar containing egg yolk tellurite emul-
sion (HiMedia, India). The plates were incubated 
at 37°C for 18-24 h. After that, a single colony was 
streaked onto blood agar plates with 5% sheep 
blood (HiMedia, India) and further incubated at 
37°C for 12-18 h. Suspected Staphylococcus colo-
nies were identified using the standard microbiol-
ogy tests including Gram staining, catalase reac-
tion, resistance to bacitracin (0.04 units), modified 
oxidase test, tube coagulase reactions, DNase test 
and growth on mannitol salt agar [3].

n MOLECULAR IDENTIFICATION

DNA extraction
Chromosomal DNA was extracted using a sim-
ple boiling method [18]. In brief, a few colonies of 
each isolate was added to 100 μL of TE buffer (10 
mM Tris, 1 mM EDTA, pH 7.8) and boiled for 10 
minutes at 100°C. After centrifugation of bacterial 
suspensions at 9,000 × g for 30 second at 4°C, the 
supernatant was stored at -20°C for future PCR 
analysis.

Molecular identification of staphylococci isolates
Oligonucleotide primers were synthesized at Bi-
oneer (Daejeon, Republic of Korea) based on uni-
versal bacterial primers 27F (5′-AGA GTT TGA 
TYM TGG CTC AG-3′) and 515R (5′-TTA CCG 
CGG CKG CTG GCA C-3′) [18]. Fifty μl PCR re-
actions were set up each containing 5 μl of 10X 
reaction buffer, 2 μl of 50 mM MgCl2, 1 μl of 2.5 
mM dNTPs, 2 μl of each 20 pmol/μL primer, 0.4 
μl Taq DNA polymerase 5 U/μl (SinaClone, Teh-
ran, Iran) and 35.6 μL distilled water. Each PCR 
reaction was run in a Master cycler (Eppendorf, 
Germany) with the following conditions: 94°C 
for 3 min; 35 cycles of 94°C for 1 min, 58°C for 45 
seconds, and 72°C for 1 min; 72°C for 10 min and 
12°C. PCR products were visualized in 1.5% aga-
rose gels stained with ethidium bromide.
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For DNA sequencing, amplified products of 16S 
rRNA gene underwent bidirectional Sanger se-
quencing using the ABI 3730 XL DNA analyzer 
(Applied Biosystems, USA). The primers used 
for sequencing the 16S rRNA gene were same as 
those used for PCR amplification. The sequenc-
es were blasted against the Staphylococcaceae 
nucleotide database and 16S ribosomal RNA se-
quences of the National Center for Biotechnolo-
gy Information (NCBI) available at http://www.
ncbi.nlm.nih.gov/BLAST.
The staphylococcal sequences were aligned using 
the Clustal W v2.0 software and Phylogenetic tree 
was constructed by MEGA Version 6.0 [19] and 
UPGMA method [20].

Nucleotide sequence accession numbers
Partial 16S rRNA sequences from the 39 isolates, 
representing the 12 species and subspecies iden-
tified in the present study, were registered in 
GenBank under accession numbers KY411652 to 
KY411690.

n RESULTS

Forty-seven Gram-positive cocci with a positive 
catalase reaction were isolated from 37 (67.3%) 
of the 55 confectionery samples. From these iso-
lates, one Micrococcus spp. and seven Macrococcus 

spp. were detected using phenotypic methods 
[resistance to bacitracin (0.04 units) and Modified 
oxidase test]. The other Gram-positive cocci (39 
isolates) belonged to the genus Staphylococcus. 
According to tube coagulase reaction, twenty CPS 
isolates and 19 CNS isolates were detected. Re-
sults of DNase test and growth on mannitol salt 
agar were shown in Table 1.
After performing phenotypic tests, the 39 Staph-
ylococcus isolates recovered from confectionery 
samples were subjected to partial 16S rRNA gene 
sequencing. The alignment of sequences to those 
available in GenBank (nucleotide database) was 
discriminative enough to differentiate 26 Staphy-
lococcus strains at the species and subspecies lev-
el with similarities of 100%. However, 13 strains 

Table 1 - The results of phenotypic methods for detec-
tion of Staphylococcus spp.

CPSc 
(nb=20)

CNSd 
(n=19)

Total

Growth on MSAa Positive 16 15 31

Negative 4 4 8

DNase Test Positive 11 2 13

Negative 9 17 26

aMSA = Mannitol Salt Agar medium. 
bn = Number of isolates. 
cCPS = Coagulase-positive Staphylococcus. 
dCNS = Coagulase-negative Staphylococcus.

Table 2 - Phenotypic and molecular features of Staphylococcus confectioneries isolates.

Isolates Phenotypic features 16S rRNA analysis

Designation Catalase Coagulase DNase MSAa Similarityb (%) Identification

LH (8, 17, 47, 49, 52, 56, 57/2, 
60/1, 65, 67, 69, 75)

+ + + + 100 S. aureus

LH (4, 6, 43, 48, 68, 76) + + - + 100 S. warneri

LH (3/2, 58) + - - + 100 S. vitulinus

LH (5,50) + + - + 100 S. pasteuri

LH 7 + - - + 100 S. succinus

LH (11, 16/1, 60/2, 71, 77, 79) + + - + 100 S. succinus subsp. casei

LH (9, 10) + - - + 100 S. sciuri subsp. sciuri

LH 13 + - - - 100 S. lugdunesis

LH 15/1 + - - + 100 S. saprophyticus subsp. bovis

LH (46, 61/2) + - - - 100 S. epidermidis

LH 54 + - - - 100 S. gallinarum

LH (78, 80, 81) + - - - 100 S. carnosus
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Figure 1 - Phylogenetic trees generated from the multiple alignments of 16S rDNA sequences from the 39 Staphylo-
coccus strain isolates found in confectionery samples and nearest validated species of Staphylococcus species. The 
Clustal W v2.0 software using Mega 6.0 and the unweighted pair group method (UPGMA] were used.
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were not distinguishable between the two or three 
species (Table 2). All strains were distinguished at 
the species and subspecies level with similarities 
of ≥99% using the 16S ribosomal RNA sequences 
database of NCBI (Table 2).
Twelve coagulase-positive isolates were iden-
tified as S. aureus by partial 16S rRNA sequenc-
ing. Of these, 11 and 10 isolates were DNase and 
MSA-positive respectively.
The phylogenetic tree constructed based on the 
16S ribosomal RNA sequences showed a high 
bootstrap value between the validated Staphylo-
coccus species sequences from German Collection 
of Microorganisms and Cell Cultures (DSMZ) and 
our isolates sequences (Figure 1).
Partial 16S rRNA sequences from the 39 isolates, 
representing the 12 species and subspecies iden-
tified in the present study, were registered in 
GenBank under accession numbers KY411652 to 
KY411690.

n DISCUSSION

Staphylococcal food poisoning may not cause 
high mortality but can cause a lot of morbidities 
and economic loss. Confectioneries, particularly 
cream-filled pastries, and cakes, are foods that 
have been frequently considered as SFP agents 
[21]. In this study, among the 55 confectionery 
samples, we detected 6 different species and sub-
species of staphylococcus based on nucleotide 
database and Staphylococcus aureus contamina-
tion rate was 21.8%. This rate in different parts 
of the country varies from 19% to 48.7% [22-25]. 
According to Institute of Standards and Industri-
al Research of Iran report number 2395, colony 
count of Staphylococcus aureus in pastry and con-
fectionaries should be negative [17]. Since after 
cooking the confectioneries are in contact with 
surfaces and worker’s hands, therefore the pres-
ent data imply pastries might be contaminated 
by food handlers and environments. While the 
isolated Staphylococcus spp., carry the enterotoxin 
genes and the environmental conditions such as 
temperature and acidity are suitable for the toxin 
production, epidemic SFP is likely to occur with 
the consumption of these products. Unfortunate-
ly, in this study, testing of humans and surfaces 
that came into contact with the study products 
were not evaluated and therefore we suggest that 

further investigation should be done in this case.
In the present study, with respect to phenotypic 
identification tests, 10 S. aureus isolates were co-
agulase/DNase/MSA positive; one isolate was 
coagulase/DNase positive and one isolate just 
coagulase positive. According to previous stud-
ies, these two isolates with atypical characteristics 
may be methicillin-resistant Staphylococcus aureus 
(MRSA) [26, 27]. In current study, the survey of 
antimicrobial susceptibility pattern of isolates was 
not considered. However, laboratories should be 
considered such atypical strains. 
Identification of Staphylococcus spp., other than S. 
aureus is not routinely conducted in food safety 
reference laboratories. However, the identification 
of these species might be important for epidemio-
logical investigations, the assessment of virulence 
factors such as enterotoxin production and the 
development of specific management practices to 
prevent SFPs caused by CNSs [28]. Not only the 
identification of CNS is important, but also this 
process is difficult and relatively costly. Since in 
our country, limited phenotypic tests were used 
for Staphylococcus species identification in food 
laboratories, most of the isolates were not com-
pletely identified or misdiagnosed. Unfortunate-
ly, we could not properly detect the CNSs using 
phenotypic tests; however, 78.2% of identified 
Staphylococcus species were CNSs by partial 16S 
rRNA sequencing method. With comparing the 
partial sequences of 16S rDNA to the sequences 
available at GenBank database, 14 (52%) strains 
from 27 CNSs were identified at the level of spe-
cies and subspecies while, 13 (48%) strains were 
confirmed as belonging to two or three species 
(similarity 100%). Unlike to our results, Casaes 
Nunes et al. identified 42 strains at the level of 
species and subspecies from 45 Staphylococcus 
strains isolated from Minas Frescal cheeses that 
were submitted to the sequencing of the V5 re-
gion of the 16S rDNA and only three strains were 
confirmed as belonging to Staphylococcus genera 
[28]. Chakravorty et al. determined that V1 re-
gion is the best region to differentiate among S. 
aureus and CNSs [29]. In the present study, we 
also identified 12 Staphylococcus aureus strains by 
partial 16S rRNA sequencing with 100% similari-
ties. We also used 16s ribosomal RNA sequences 
database and all of the CNSs were identified at 
the level of species and subspecies. Even though 
16S ribosomal sequences are widely used for the 
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bacterial species identification and perform taxo-
nomic classification studies, some inadequacy can 
be seen in currently available databases and this 
subject was confirmed in our study and by other 
researchers [15, 30, 31].

n CONCLUSION

In the current study, we isolated a considerable 
number of staphylococcus strains from confec-
tionaries that almost one-third of them were S. au-
reus by partial 16s RNA sequencing method and 
rest of them belonged to different Staphylococcus 
species. According to our findings, using this 
method for detection of S. aureus could be useful 
but not suitable for identification of other species 
of Staphylococcus genera.
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