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Virulence Factors of Staphylococcus Aureus Hemolysin 
HLA and HLB Isolated from Catheters of Dialysis Patients 
Referred to Nikan Hospital in Tehran During the Spring and 
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Introduction. Staphylococcus aureus (S. aureus) is one of the most 
frequent causes of infection around the world. Insertion of 
intravascular catheter and formation of biofilms by methicillin-
resistant Staphylococcus aureus (MRSA) have contributed to the 
increased risk of infection, and morbidity and mortality rates. 
Biofilms formation on intravascular catheters and other medical 
devices are of major postoperative concerns because biofilms 
are often the source of persistent and difficult-to-treat bacterial 
infections. This study aimed to evaluate different genetic patterns 
of this bacterium in samples collected from dialysis patients of 
Nikan hospital. 
Methods. In this descriptive cross-sectional study 30 samples 
from the removed catheters of patients suspected to have S. aureus 
infection and admitted to the dialysis ward of Nikan hospital were 
collected and phenotypic evaluations were done to confirm the 
type of the infectious species. Evaluation of antibiotic resistance 
of bacterial samples using Kirby-Bauer method was done. Biofilm 
production of the samples was assessed by the 96-plate microtiter 
method. The existence of two genes hla and hlb were evaluated 
using Multiplex PCR. 
Results. The biofilm production test showed that 60% of the samples 
were able to produce strong biofilms. Multiplex PCR results revealed 
that both hla and hlb genes were expressed in 93% of the samples, 
while, hlb gene alone was expressed in 53% of cases.
Conclusion. The results of this study provide significant insight into 
the virulence gene makeup of catheter-colonizing S. aureus strains, 
and will assist in developing a more targeted treatment approach 
for persistent S. aureus biofilm contamination of medical devices.
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INTRODUCTION
Central venous catheters are commonly used as 

vascular access for dialysis in end-stage kidney 
disease patients, but infectious complications 

aris ing from them remain a  major  c l inical 
problem. In particular, the high mortality rate and 
cost of general care with catheter infection and 
hospitalization caused by staphylococcus bacteria 
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necessitate more research in this field.1 The most 
common cause of catheter-associated infection 
is Staphylococcus species; Staphylococcus aureus 
is a gram-positive voluntary anaerobic coccus 
that accounts for 40 to 81% of cases of infections, 
while gram-negative bacteria, such as enterococci, 
make up the remainder. In a study conducted on 
patients with the first episode of sepsis within 
a year of hemodialysis, S. aureus was the most 
common cause of infection, with no other bacteria 
exceeding 10%.2 The prevalence of bacteremia due 
to intravascular devices is significantly increasing. 
Half of all cases of primary bacteremia in the 
intensive care units are caused by intravascular 
catheters. Both local and systemic infections can 
occur following contamination of intravascular 
devices.3 Dialysis catheters are often associated 
with early and delayed complications.4 Most 
infections associated with a central venous catheter 
occur at the catheter exit site, which also depends 
on the duration of catheter use. S. aureus may be 
present in the nose or skin as the normal flora and 
forms yellow colonies due to the production of a 
carotenoid gold pigment called “Staphyloxanthin”.3 
S. aureus has several pathogenic factors including 
enzymes (deoxyribonuclease (DNase) that breaks 
down DNA) and toxins, each of which causes a 
specific disease.6 TSST-1 toxin is involved in toxic 
shock syndrome and scaling toxin, which is a 
protease that breaks the skin barrier and causes 
staphylococcal scalded skin syndrome.7 It also 
produces alpha, beta and gamma toxins, which 
break down the membranes of many cells in the 
body. Hemolysins are major contributors to S. 
aureus virulence which contribute to colonization 
of both alpha and beta types of bacteria.8 Alpha 
hemolysin is essentially a porous toxin and is 
encoded by the hla gene. This particular gene 
encodes alpha-toxin with a molecular weight of 22 
kD, located on a chromosome or plasmid which is 
capable to lyse human monocytes, lymphocytes, 
red blood cells, platelets and endothelial cells.9 
The cytotoxicity of alpha-hemolysin is applied 
through the formation of transmembrane pores.10 
Beta-hemolysin, coded by hlb gene, specifically 
cleaves cell  membrane sphingomyelin with 
phospholipase C-like activity. Beta-hemolysin 
destroys epithelial cells, increases S. aureus 
adhesion and increases bacterial proliferation.11 
This study aimed to evaluate the phenotypic 

properties and antibiogram and study the different 
genotypes of the bacterium in samples collected 
from dialysis patients at Nikan hospital in Tehran 
between April and September 2021. According to 
scientific sources and databases, no study has been 
conducted on the virulence factors of S. aureus in 
patients with kidney failure on routine dialysis 
via a catheter, in Iran. Therefore, this study can 
hopefully provide more information regarding the 
selection of appropriate antibiotics and facilitating 
their recovery.

MATERIALS AND METHODS
Sample Collection

This descriptive cross-sectional study included 
catheters removed from 30 patients, suspected to 
catheter infection with S. aureus, and admitted 
to the regular ward of Nikan hospital between 
April and September 2021. Patients with fever 
and chills or signs of catheter exit site infection 
were enrolled. Written consent was received from 
the patients, and the study was approved by the 
ethics committee of Shahid Beheshti University of 
Medical sciences in Tehran. 

Phenotypic Evaluation of Staphylococcus 
Aureus

S. aureus was purified on Müller-Hinton agar. 
The mean age of the enrolled patients was 46 years. 
For identification of S. aureus, routine biochemical 
tests such as gram staining, catalase, coagulase, 
Mannitol fermentation and DNases were performed.

Evaluation of Antibiotic Resistance of Bacterial 
Samples Using Kirby-Bauer Method

After 24 hours of incubation in culture medium, 
a single pure colony was isolated for antibiogram 
testing. First, we placed the bacterium on a solid 
medium on Tryptic Soy Broth (TSB) medium and 
kept it at 37 °C for 15 minutes to allow the bacterium 
to enter the logarithmic phase. It was necessary to 
ascertain the number of bacteria to reach 1.5 × 108 

mL/CFU in the tube. Then the prepared bacterial 
suspension was cultured on a plate of Müller-
Hinton culture medium using sterile swabs. The 
medium was kept at 37 °C for 10 minutes. The 
discs were placed on the perimeter and the discs 
distance from each other and from the side of 
the plate were set 3 cm and 1.5 cm, respectively. 
The plates were incubated for 24 hours at 37 °C. 
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Then, different disks were measured for the aura 
of bacterial growth. S. aureus ATCC 25923 was 
used as positive control.

Production of Biofilm by 96-plate Microtiter 
Method

In order to evaluate biofilm production, enriched 
S. aureus colonies were cultured on TSB medium 
in blood agar. We used Red Congo agar medium 
(Merck, Germany Co.) containing 40 g/L of sucrose 
to assess biofilm formation by the phenotypic 
method. We considered the black colonies in isolates 
as strong biofilms, dark red colonies as medium 
biofilms and light red colonies as negative biofilm 
strains. Enriched turbidity samples equivalent to 
half McFarland were prepared for the purpose of 
microplate titration and 200 μL of each suspension 
was transferred to microplate wells of 96 polystyrene 
houses and heated for 37 hours at 37 °C. Violet 
crystal dye was used for the well staining for 15 
minutes. The dye in each well was then washed 
with ordinary water. Later, 100 microliters of 10% 
isopropyl alcohol combined with 70% ethanol 
were added to each well to release the dye from 
the walls of biofilm-producing bacteria. Finally, 
the dye released in each well at 492 and 630 nm 
was examined using a sample ELISA device (Elisa 
Reader stat fax 2100). Negative control in this 
method was TSB medium containing 1% glucose. 
The light absorption of each isolate was examined 
three times to ensure accuracy.

DNA Extraction
S. aureus DNA was extracted using lysostaphin 

digestion. The pellet was resuspended with 350 
μL of lysis buffer (Tris-HCL 0.01 M, EDTA 0.01 
M). The sample was incubated at 37 °C overnight. 
Equal volumes of phenol/chloroform/isoamyl 
alcohol (25:24:1 by volume) were added, and 
nucleic acid was precipitated by ethanol, using 
the standard protocol.

Existence of Two Genes Hla and Hlb Using 
Multiplex PCR

This method amplifies several genes via PCR 
reaction. It examines the genes that encode toxins 
and antibiotic resistance. In Staphylococcus aureus 
isolates, Multiplex PCR was used to identify hla 
and hlb genes. For isolation in PCR, one pair of 
primers was used for each gene to identify resistance 

factor genes (Table 1). 
Data was analyzed using SPSS software. P < .05 

was considered statistically significant. 

RESULTS
Phenotypic Analysis

Figure 1  shows the characterist ics  of  30 
isolated samples from dialysis catheters along 
with biochemical tests. All isolated samples were 
positive for S. aureus.

Antibiotic Resistance of Staphylococcus 
Aureus Samples Using Kirby- Bauer Method 

The sensitivity of the isolated samples to 
vancomycin, novobiocin and nitrofurantoin and 
resistance to tetracycline, clindamycin and cefazolin 
were higher compared to other antibiotics. In the 
collected samples, 70% were sensitive to cefazolin 
(P < .01), 90% to novobiocin (P < .01), 100% to 
vancomycin (P > .05), 95% to nitrofurantoin 
(P < 0.05), 50% to tetracycline (P > 0.05) and 
60% to clindamycin (P < .05).  Resistance to 
various antibiotics was 30% for cefazolin, 10% 
for novobiocin, 5% for nitrofurantoin, 50% for 
tetracycline and 40% for clindamycin. Resistance 
to vancomycin was not observed in any of the 
samples (Table 2).

Evaluation of Staphylococcus Aureus Sample 
Biofilm Production by 96-plate Microtiter 
Method

Biofilm production tests, performed on isolated 
and identified samples of Staphylococcus aureus, 
revealed that 60% of the samples were able to 
produce strong biofilms, 33.33% were able to 
produce moderate biofilms while, 6.67% were not 
able to produce biofilms (Figure 2). 

Multiplex PCR
Both hla and hlb genes were expressed in 93% 

of isolated samples from patients’ catheters, while 
in 53% of cases, hlb gene was expressed alone 
(Figure 3).

SequencePrimer
5´ – GACTCACACGGAAACTTAGG - 3´Fhla 

306bp 5´ – ACACAGGTTAGGAGAAGGAG - 3´R
5´ – GACGAAAATCAAGCGGAA - 3´Fhlb

350bp 5´ – TCTAAATACTCTGGCGCAC - 3´R

Table 1. Primers Used in the Present Study



Staphylococcus Aureus, Virulence Factors in Dialysis Catheters—Jafari Fesharaki et al

351Iranian Journal of Kidney Diseases | Volume 16 | Number 6 | November 2022

DISCUSSION
Over the past decade, the emergence and spread 

of antibiotic-resistant micro-organisms has become 
a major concern and has put the patients’ health 
at risk.12 Basically, bacterial resistance to antibiotic 
can occur in two ways, including development 
of single colonies of resistant clonal lineages and 
horizontal transfer of resistance genes.13

Staphylococcus is one of the most common 
bacteria that can cause skin, soft tissue and 
invasive infections, either in hospital setting or 

Antibiotics Sensitive
%

Resistant
% P 

Cephazolin 70 30 .01**
Novobiocin 90 10 .01**
Vancomycin 100 - .76
Nitrofurantoin 95 5 .05*
Tetracycline 50 50 .77
Clindamycin 60 40 .05*

Table 2. Distribution of Antibiotic Resistance in Staphylococcus 
Aureus from Collected Samples (The highest susceptibility of 
Samples was to vancomycin, novobiocin, and nitrofurantoin. the 
most antibiotic resistance was related to tetracycline

ns: non-significant (*P < .05, **P < .01)).

A

C

B

D
Figure 1. Phenotypic study of Staphylococcus aureus. A) Coagulase test, which shows that the rabbit plasma clots due to the presence 
of bacteria, B) Mannitol fermentation test, which shows the presence of golden colonies indicating the presence of bacteria, C) DNase 
test, which is the result of bacterial ribonuclease enzyme, D) gram-staining. Purple shoulder color is gram-positive bacteria, 10× 
microscope scale.
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in the community.14 Nowadays, the development 
of antibiotic resistance in staphylococcal strains 
is a major challenge for the medical community. 
Methicillin-resistant Staphylococcus aureus (MRSA) 
is an important cause for nosocomial infections 
worldwide.15 Moreover, MRSA infections are 
common in patients with intravascular catheters, 
inserted for dialysis or other medical issues.16 The 
present study was carried out on Staphylococcus 
aureus isolates from catheters of 30 dialysis patients 
at Nikan hospital in Tehran during 6 months. It 
evaluated the resistance to common antibiotics 
in the treatment of catheter associated infections 
and the development of bacterial biofilms. Seventy 
percent of the collected samples were sensitive to 

cefazolin, 90% to novobiocin, 100% to vancomycin, 
95% to nitrofurantoin, 50% to tetracycline, and 60% 
to clindamycin. Resistance to various antibiotics 
among the collected samples was 30% to cefazolin, 
10% to novobiocin, 5% to nitrofurantoin, 50% to 
tetracycline and 40% to clindamycin. Resistance 
to vancomycin was not observed in any of the 
samples. 

According to the result of our study, the highest 
sensitivity and the lowest antibiotic resistance 
were observed with vancomycin. In a study by 
Khanal et al. in 2012 in Nepal, the frequency of 
MDR-MRSA strains of S. aureus was reported to 
be 50%, with the highest resistance to ampicillin 
and erythromycin, and the lowest resistance to 

492 nm

630 nm

70.00

60.00

50.00

40.00

30.00

20.00

10.00

0.00

B
io

fil
m

 fo
rm

at
io

n 
(%

)

33.33%

60% 60%

33.33%

6.67%

Strong Medium Weak

6.67%

Figure 2. Biofilm Formation in the Collected Samples
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Figure 3. Detection of S. Aureus Virulence Factor of hla and hlb in Two Samples for Instance (A) In sample1, both hla and hlb genes 
were expressed, whereas in sample 2 only hla was expressed. B) distribution of virulence factors hla and hlb in all patient studied in this 
article].
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sparfloxacin, gentamicin, and vancomycin.17 
In the next step, the isolated samples were 

evaluated for biofilm production. As mentioned 
before, biofilm formation is important in the 
pathogenicity and helps the bacterium to escape the 
host immune system and adverse environmental 
conditions. In this study, biofilm production was 
measured at 493 and 630 nm. Among thirty samples, 
twenty-nine samples produced biofilms at 493 nm, 
out of which twenty samples produced strong 
biofilm strains, nine samples produced moderate 
biofilm strains, and no biofilm formation was 
observed in one sample. In addition, out of thirty 
samples, twenty-nine samples produced biofilms 
at 630 nm, of which twenty-four produced strong 
biofilm strains, five produced moderate biofilm 
strains., and one sample did not produce any 
biofilm. In 2016, Nourbakhsh et al. reported that 
biofilm formation was one of the mechanisms by 
which S. aureus binds to different surfaces and 
increases antibiotic resistance.18 It was reported that 
73.5% of isolates produced strong, 33.5% produced 
moderate, and 15.4% produced weak biofilms. As 
a result of its ability for biofilms production, S. 
aureus which is colonized on surfaces, can be an 
important source of infection. It is also known for 
producing an enamel layer, as compared to other 
bacteria.19 Bacteria that are unable to produce an 
enamel layer, form a weaker biofilm. Biofilm plays 
a pivotal role in the development of multiple drug 
resistance among patients, by producing resistance 
to antibiotics and interfering with the treatment 
process.20

We also assessed the frequency of expression of 
hla and hlb genes by Multiplex PCR. Among a total 
of 30 samples, 93.5% were reported to express the 
hla gene, while 53.3% expressed the hlb gene, alone. 
A study by Coelho et al. in Brazil on 50 S. aureus 
bacteria collected from 15 farms showed that all 
isolates carried the coa gene with three different 
sizes of PCR.21 The SpaA gene product for positive 
samples had a PCR product of 315 open pairs. 
Among the isolates, 26% and 19% were positive 
for hla and hlb genes, respectively. The expression 
of 22 different profiles among the samples 
indicated a wide variation in S. aureus strains 
that caused mastitis in this region. Portaghi et al. 
evaluated the pattern of S. aureus isolated from 
the mastitis cases in Alborz province, in 2017.22 
In this study, the genes coding the bulking factor 

(clfA), coagulase (coa), region X encoding protein 
A (SpaA-X region), hemolysin A (hla), hemolysin B 
(hlb) and subregulatory genes (agrlll) were evaluated. 
Isolated staphylococci were genetically analyzed 
and 17 different profiles were found in the studied 
samples, which demonstrated high diversity of 
Staphylococcus aureus strains in this region of Iran.

CONCLUSION
The results of the antibiogram of S. aureus 

isolated from the catheter of our dialysis patients 
revealed that this microorganism is mostly sensitive 
to vancomycin and resistant to tetracycline. In 
addition, virulence factor of hla expression in these 
cases are more than hlb expression. 
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