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Abstract 

Background. As a great opportunistic pathogen, Staphylococcus epidermidis participates in a wide spectrum 
of infections by residing in the medical devices. Regardless of the clinical importance of S. epidermidis, there 
are a few data about typing of clinical and non-clinical isolates at the subspecies level in Iran. We used the 
technique of “Multiple-Locus Variable number tandem repeat Analysis” for genetic differentiation of 107 
clinical and non-clinical S. epidermidis isolates. 
Methods. Five appropriate Tandem Repeats were selected using bioinformatics programs and PCR-amplified 
using specific primers. Clustering of the “Multiple-Locus Variable number tandem repeat Analysis” profile 
was performed using BioNumerics. All isolates yielded a PCR product for all Variable Number Tandem 
Repeat loci.
Results. Approximately 28% of the isolates were Methicillin Resistant S. epidermidis. High level of genetic 
diversity between isolates was observed. Overly, the S. epidermidis isolates were discriminated into 43 
various “Multiple-Locus Variable number tandem repeat Analysis” types. Twenty-seven isolates obtained 
from blood showed in 21 “Multiple-Locus Variable number tandem repeat Analysis” types, and 10 samples 
collected from the environment were distributed in three Multiple-Locus Variable number tandem repeat 
Analysis” types. There was a significant relationship between the Multiple-Locus Variable number tandem 
repeat Analysis types and isolated strains of blood and the environment indicating the successful colonization 
of environmental clones in the hospitalized patients in the surgical ward.
Conclusions. The Multiple-Locus Variable number tandem repeat Analysis technique showed information 
about the transmission of this bacterium among patients, staff and the hospital environment.

Introduction

Staphylococcus epidermidis is one of 
the most frequently identified bacteria in 
the medical setting, and it has emerged over 
one last two decades as a great opportunistic 

pathogen responsible for a huge range 
of nosocomial infections, particularly in 
patients with implanted medical devices 
(1-3). Nevertheless, the source of these 
infections is difficult to assess but possible 
using adjusted genotyping tools (4, 5). 
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In addition, several studies proposed that 
most strains were often the exchange 
between staff, patients and medical setting 
(4, 6). Despite the clinical significance of 
S. epidermidis, there is a little information 
about typing isolates of S. epidermidis from 
the clinical and non-clinical environment at 
the subspecies level in Iran.

The ability to quickly and reliably 
differentiate among related bacterial isolates 
is critical for epidemiological surveillance 
and is an endeavor as old as the discipline 
of bacteriology itself (7).

Today, molecular typing methods are 
commonly used to determine the distribution 
ratio of different types in a population. The 
analysis of genomic polymorphisms have 
significantly improved the understanding of 
the evolutionary history, pathogenicity, and 
patterns of propagation of the bacteria (8). 
“Pulsed-Field Gel Electrophoresis”(PFGE) 
is the gold standard typing method for 
the short-term study of S. epidermidis 
epidemiology, and it is based on the 
comparison of banding pattern of the entire 
genome of bacteria when restricted with a 
rare-cutting DNA enzyme (9). The PFGE 
is the favored technique for S. epidermidis 
molecular epidemiology, but this method is 
very expensive and difficult to perform in 
the laboratories (10). In addition, “Multi-
Locus Sequence Typing” (MLST) is another 
molecular typing method that employs the 
sequencing of seven house keeping genes 
(11). Previous studies demonstrated that 
MLST, a long-term typing method, is of high 
costs for laboratories (12).

One of the methods that is most commonly 
used is “Multiple-Locus Variable number 
tandem repeat Analysis” (MLVA), which 
is a molecular typing method to subtype 
microbial isolates based upon the “Variable 
Number Tandem Repeat” (VNTR), the 
polymorphism of tandem repeated DNA 
sequences, identification in many different 
loci in the genome, and this method is used 
to study transmission routes, evaluating 

sources of infection and also to evaluate the 
effect of human intervention, such as the 
use of antibiotics, on the composition of 
bacterial populations and vaccination. This 
method has demonstrated to be functional 
for typing of microorganisms that exchange 
DNA at a high frequency. This study had the 
object to determine the genetic diversity and 
phylogenetic analysis of clinical and non-
clinical of S. epidermidis isolates and the 
fast detection of genetically related groups 
by the MLVA method (13-15).

Methods

Collection of bacteria and identification
In total, 107 S.epidermidis isolates were 

attained from clinical (blood (n = 27), 
wound (n = 17), human flora (n = 29), and 
urine (n = 24)) and non-clinical (laboratory 
environment (n = 10)) samples during a five-
month period from the four existing hospitals 
and laboratories in Tehran, Iran.

Microbiological and molecular tests for 
detection of S. epidermidis isolates

S. epidermidis isolates were detected 
using Gram staining, colony morphology, 
catalase reaction, coagulase test, resistance 
to polymyxin B and bacitracin disks, 
sensitivity to novobiocin disk and mannitol 
fermentation test (16, 17). All isolates were 
confirmed as S. epidermidis using a primer 
species-specific.

Identification of VNTR loci
The genome sequence of S. epidermidis 

ATCC 12228 (NC-004461.1), S. epidermidis 
RP62A (NC-002976.3) and S. epidermidis 
PM221 (NZ-HG813242.1) were extracted 
from GenBank and analyzed for the presence 
of tandem repeat sequences with the 
software program Tandem Repeats Finder 
(TRF) version 4.09.

We determined the size of the repeat 
sequence and the number of repeat units 
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for the three reference strains. Basic Local 
Alignment Search Tool (BLAST) analysis 
was carried out to determine whether the 
repeats were located within or between 
genes and to identify a hypothetical function 

for the open reading frame involved. We 
initially selected and evaluated 34 tandem 
repeats with repeat units of more than 9 base 
pair (bp) in length. Some Tandem Repeats 
(TRs) were not present in all strains; some 
were present in all strains and displayed no 
polymorphism; and others were too large for 
amplification in standard conditions. Five 
TRs were retained in this study, selected 
on the basis of their greater stability and 
discriminatory power for four of the six 
(Table 1 and Figure 1).

Primer design
By using the Oligo software (version 

7.56), suitable primers were designed. 
Oligonucleotide primers and flanking 
regions of each VNTR locus are listed in 
Table 2. Primers annealing were selected 
in-silico with the help of the Polymerase 
Chain Reaction (PCR) primers BLAST 
from the National Center for Biotechnology 
Information (NCBI).

DNA extraction and PCR
Bacteria were grown on blood agar at 

37°C overnight, and genomic DNA was 

Table 1 - Attributes of variable-number tandem repeat loci used for typing of S. epidermidis ATCC 12228 isolate

TRs Repeat motif TR Size Genomic
location

Functiona Unit PIb

TR1 CAACACAGAAAATTTCAACGA-
GAAATTCTACAGACAAAGCA-
AGTTGGGGTTGTGGCCC

58 (bp) 379433-379657 Transcriptional
regulator

4 0

TR2 GACTCAGACAGCGACTCA-
GATTCAGATAGTGATTCA

36 (bp) 334588-335113 Isocitrate
dehydrogenase

14 0

TR3 GAAACGCCTGAGCTAAAGCA-
CATGCATAACCAAAAGTAC-
GATTTACTTCGTAAAAGAG-
TAGT

62 (bp) 911996-912235 30S ribosomal
protein S16

4 0

TR4 GAACCAGGTAAACCAGCG 18 (bp) 167950-168283 Accumulation-
associated protein

18 0

TR5 GGCCCTAGTCCCAACTTGCTC-
TGCCTGTTGAATTTCTTTGTGA-
AATTCTCTTTGTTGG

58 (bp) 1339995-1340177 Aspartyl-tRNA
synthetase

3 0

a The role of the gene contains TR
b Percent Indels

Figure 1 - Genomic locations of investigated variable-
number tandem repeats inside the circular map of S. 
epidermidis strain ATCC 12228.
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extracted using High Pure Purification 
kit (Qiagen GmbH, Germany) according 
to the manufacturer’s protocol for Gram-
positive bacteria. The concentration of 
DNA was determined with a NanoDrop 
ND-1000 spectrophotometer (NanoDrop 
Technologies, Wilmington, Del.). Thermal 
cycler (BioradT100, USA) according to 
the following protocol: 10 min for initial 
denaturation at 95°C, in the following 30 
cycle including: denaturation for 1 min at 
95°C, annealing (annealing Tm for each 
primer is indicated in Table 1), extension 
for 1 min at 72°C and a final incubation 
for 5 min at 72°C. In the present study, 
1.5% agarose gel in TBE buffer for 80 
min and then gel documentation system 
was used for visualizing and evaluating 
PCR products. A 50 bp plus DNA ladder 
(Fermentas, USA) was used as a size 
reference (Figure 2).

To calculate the number of TRs
The repeat units of each locus were 

calculated by subtracting the size of flanking 
regions (offset size) from PCR amplicon 
size and then dividing the distinction by the 
repeat size. Clustering of the MLVA profile 
was performed using BioNumerics software, 
version 6.0.

Figure 2 - PCR detection of locus containing TRs. Lane1, 
TR1; lane2, TR2; lane3, TR3; lane4, TR4; lane5, TR5; 
lane6, 50 bpladder

Table 2 - Characteristics of design primers used in the study

TRs Primer sequences 5–3 PP a (bp) Flanking (bp) Reference

TR1 F=TGTGTCTGGGACATTGTTGA
R=CACATGCAGCCAGTACTACAA

499 274 In this study

TR2 F=GCTGATGGGGAAGAAGTTCA
R=CGTGCCTTTAGAGCCATAATC

699 195 In this study

TR3 F=CTGGTGGCGGTAAAGGTAAA
R=AACGTGCATCTGCAACTACG

587 347 In this study

TR4 F=CAACCTGTTGACGAAATTGTTG
R=AGCTTGACGATTTTCACCTG

474 150 In this study

TR5 F=TTCGTACAATTAAGCTCTCTGTGC
R= TTAACTGACGCTCCAGGAGAA

297 123 In this study

aPCR product length in S. epidermidis ATCC 12228 isolate
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Data analysis
Clustering of the MLVA profiles was 

achieved with Bionumerics 7.6 software, 
using the “Unweighted Pair Group Method 
with Arithmetic Mean” (UPGMA) method. 
Similarly to the coefficient of Pearson’s 
correlation also the Minimum Spanning Tree 
(MST) was created with BioNumerics. The 
polymorphism index of the individual or 
combined VNTR loci was calculated from 
the Hunter-Gaston diversity index.

Results

MLVA was done on 107 S. epidermidis 
isolates originating from patients and from 
the hospital environment. All isolates of this 
validation set yielded a PCR product for all 
VNTR loci. Analysis of the composition 
of the 5 VNTR loci of the S. epidermidis 
collection displayed that the diversity in the 
number of repeats varied among the different 
VNTR loci. Overly, the S. epidermidis 
isolates were discriminated into 43 various 
MLVA types as shown in Figure 3. Three 
main clusters were observed from the 
dendrogram generated. Five regions were 
selected for further analysis on the basis 
of genomic location, repeat length, percent 
matches, percent indels and copy number 
as shown in Table 1. The repeat unit size of 

the five VNTRs was between 18 bp and 62 
bp. Most MLVA types have a distance of 
two to five loci from each other, principally 
in VNTR3 and VNTR5. Generally, the 
combination of the five VNTR loci with 
high and low D values was suitable for 
molecular subtyping of the S. epidermidis 
isolates as shown in Table 3. Calculated 
values for Simpson’s and Hunter-Gaston 
diversity index indices showed that TR1 
had the lowest diversity (D=0.123), 
whereas TR4 was the most diverse (D = 
0.749). A combination of five loci with 
the high and low degrees of variability 
was suitable for molecular subtyping of 
S. epidermidis isolates. The results of this 
study were compared with MLVA profiles 
of one hundred seven from five different 
origins to confirm whether these isolates 
were related. Twenty-seven isolates obtained 
from blood showed in 21 MLVA types, and 
10 samples collected from the environment 
were distributed in three MLVA types, as 
shown in Table 4. All samples isolated from 
the wounds were isolated of the patients from 
the surgical ward which distributed among 
several types of MLVAs distributed 
in three clusters. Cluster analysis of the 
MLVA profiles using a minimum spanning 
tree algorithm displayed the usefulness of 
MLVA in discriminating S. epidermidis 
isolates collected from various origins as 

Table 3 - Hunter-Gaston Diversity

Locus Diversity Indexa Confidence Intervalb Kc max(pi)d

TR 4 0.749 0.722 - 0.775 6 0.321

TR 5 0.660 0.630 - 0.691 4 0.422

TR 2 0.443 0.343 - 0.543 4 0.725

TR 3 0.336 0.228 - 0.443 5 0.807

TR 1 0.123 0.040 - 0.206 4 0.936

a Diversity Index (for VNTR data) = A measure of the variation of the number of repeats at each locus. 
Ranges from 0.0 (no diversity) to 1.0 (complete diversity)
b Confidence Interval = Precision of the Diversity Index expressed as 95% upper & lower boundaries
c K = Number of different repeats present at this locus in this sample set
d Max (pi) = Fraction of samples that have the most frequent repeat number in this locus (range 0.0 to 1.0)
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Figure 3 - MLVA clustering of the 107 isolates of S. epidermidis generated by the UPGMA algorithm. The names of 
isolates, the origin of isolates, methicillin resistance pattern, MLVA profile are shown on the right.
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shown in Figure 4. We observed significantly 
related to blood samples and MLVA pattern 
in Figure 3. UPGMA clustering analysis 
of the distribution of methicillin resistance 
in S. epidermidis genotypes at the hospital 
showed that isolates selected from the blood 
and hospital environment were closely 
related to the isolates spread throughout the 
hospital as shown in Figure 3. Approximately 
28% of the isolates included in this study 
were Methicillin Resistant S. epidermidis 
(MRSE). The MRSE isolates were found 
in nearly 2 MLVA complexes. Totally, 
twenty-two patterns were found in 31 MRSE 
isolates, regardless of their origin, which 
14 MRSE in only one pattern, 7 in 2, and 
the remaining one pattern were found in 3 
isolates.

Discussion 

In the current study, we assessed the 
genetic relatedness of one hundred-seven 
MRSE isolates collected from various 
origins during 2015-2016 from several 
hospitals in Tehran, Iran. To understand 
basic information about the characteristics 
and varieties of isolates in Iran, we analyzed 
S. epidermidis isolates by MLVA typing, a 
valuable assay for bacterial following and 
determining the diversity of populations of 
clinical isolates. MLVA is a low-cost, easy 
and high-resolution method and results can 
be achieved within a few days, which can 

usually be faster than MLST and PFGE 
(18). 

Coagulase-negative Staphylococci 
(CoNS) is one of the predominant genus 
of pathogens in the hospital, including 
the most important species S. epidermidis 
and S. haemolyticus (19). In general, the 
results obtained from the present study 
are consistent with other results obtained 
elsewhere in the world (20, 21). Further 
studies confirmed the high level of genetic 
variation in S. epidermidis, while gradually 
evolving loci. In addition, they displayed 
a global predominance of only a number 
of hospital-associated, epidemic clonal 
lineages (22). In this study, like in other 
studies (23), we observed a high level of 
genetic diversity between one hundred seven 
isolates, of which 43 molecular types were 
determined by MLVA method. We found 
that there was a significant relationship 
between the MLVA types and isolated strains 
from blood and the environment. One of 
the limitations of this study was that, due to 
the small number of S. epidermidis isolates 
and resistant to antibiotics, we couldn’t 
investigate this relationship. Although 
there is a predominant link between isolates 
from the environment with blood samples, 
indicating the successful colonization of the 
environmental clones in the hospitalized 
patients in the surgical wards at the hospital. 
There is, however, good reason for caution 
due to the limited size of the present 
study. Furthermore, we found that there 

Table 4 - The source of S. epidermidis isolates

Sources of isolates Isolates Number of isolates

Wound 1-5, 8, 9, 23, 29-31, 34, 50, 77, 78, 97, 103 17

Blood 6, 10-12, 20, 22, 27, 28, 38, 39, 46, 48, 49, 52, 55-57, 61- 63, 67, 
68, 76, 79, 98-100

27

Urine 7, 15-19, 21, 24, 26, 37, 41, 47, 51, 58-60, 65, 66, 75, 80, 81, 
94, 96, 95, 102 

24

Flora 14, 101, 32, 33, 40, 42, 44, 53, 54, 64, 69-75, 82-90, 92, 93, 43 29

Environment 91, 13, 25, 35, 36, 45, 104-107 10
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was a significant relationship between the 
resistance to methicillin and isolated strains 
from the blood samples. Future research 
will concentrate on analyzing sequence, 
enhancers, silencers, GC rich or AT-rich loci 
and target locus and regulatory regions.
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Riassunto

L’analisi TRs ha documentato la trasmissione ospe-
daliera di S. epidermidis tra i pazienti

Premessa. Nella sua veste di importante patogeno 
opportunistico, S. epidermidis è responsabile di un ampio 
spettro di di infezioni, se presente nei dispositivi medici. 
Indipendentemente dalla sua importanza clinica, abbiamo 
a disposizione in Iran pochi dati sulla tipizzazione degli 
isolamenti clinici e non-clinici di S. epidermidis a livello 
di sottospecie. Per ottenerne di più abbiamo utilizzato la 

Figure 4 - Minimum spanning tree of the 107 S. epidermidis isolates typed by MLVA. Clustering of MLVA profiles 
was done with a categorical coefficient. In the minimum spanning tree, the MLVA types are shown as circles labeled 
with various colors. The size of each circle indicates the number of isolates of the particular MLVA type.
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tecnica della “Multiple-Locus Variable number tandem 
repeat Analysis” per la differenziazione genetica di 107 
stipiti, clinici e non clinici, di S. epidermidis.

Materiali e metodi. Cinque appropriate sequenze in 
tandem sono state selezionate utilizzando programmi 
di bioinformatica e amplificate con PCR usando primer 
specifici. Il raggruppamento dei profili ottenuti con la 
“Multiple-Locus Variable number tandem repeat Analy-
sis” è stato realizzato usando il software Bionumerics. 
Tutti gli isolamenti hanno dato un prodotto PCR per tutti 
i loci della Variable Number Tandem Repeat.

Risultati. Nel 28% dei casi I ceppi di S. epidermidis era 
meticillino-resistenti, con un elevato livello di diversità 
genetica tra di loro. In aggiunta, i ceppi di S. epidermidis 
sono stati distinti in 43 diversi tipi secondo la Multiple-
Locus Variable number tandem repeat Analysis. Ma 
mentre 27 ceppi di isolamento clinico (sangue) mostra-
rono 10 tipi diversi, i 10 ceppi ambientali ne mostrarono 
solo 3. Si è evidenziata un significativa relazione tra i tipi 
ottenuti con la “Multiple-Locus Variable number tandem 
repeat Analysis” ed i ceppi isolati da sangue ed ambiente, 
e ciò sta ad indicare il successo della colonizzazione, da 
parte dei ceppi ambientali, dei pazienti ospedalizzati nei 
reparti chirurgici.

Conclusioni. La tecnica della “Multiple-Locus Varia-
ble number tandem repeat Analysis” ha fornito interes-
santi informazioni sulla trasmissione di S. epidermidis 
tra pazienti, personale ed ambiente ospedaliero
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