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Abstract

Background: Atopic dermatitis (AD) patients are more frequently colonized with Staphylococcus aureus. The aim
of this study is to determine the prevalence of community-acquired methicillin-resistant S. aureus (CA-MRSA)
colonization in AD patients in a dermatology clinic in Mansoura, Egypt, and to assess the resistance pattern and
the superantigen genes among isolated strains.

Methods: Sixty AD patients were evaluated for the carriage of CA-MRSA in both lesional skin and nose.
Antimicrobial susceptibility tests were performed using the disc diffusion method. The detection of mecA gene and
superantigen genes, toxic shock syndrome toxin (tsst), and staphylococcal enterotoxin sea-sed were done by PCR.

Results: Twenty-eight patients (46.7%) were colonized with CA-MRSA. All isolates were sensitive to vancomycin.
Only 9.7% of isolates were resistant to ciprofloxacin, while 52.6% of isolates were resistant to fusidic acid and 48.4%
were resistant to erythromycin. The predominant toxin gene found in AD patients was tsst that found in 100% of
isolates of CA-MRSA, while seb and sed genes found only in 61.2% of the isolates.

Conclusion: Atopic dermatitis patients were colonized with CA-MRSA. The most common toxin gene in the Egyptian
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AD patients was tsst. There is no significant association between any of superantigen genes and severity of AD.

Background

Atopic dermatitis (AD) is a widespread chronic inflam-
matory skin disease, affecting 10 to 20% of children and
1 to 3% of adults (Sun and Ong 2017). The pathogenesis
of AD is multifactorial, and it involves an association
between certain genes, immunological factors, skin bar-
rier defects, skin infection, and environmental factors
(Boothe et al. 2017).

The skin of AD patients is liable to infection by bac-
teria, fungi, and viruses that may be explained by im-
paired skin barrier functions and innate immune defects
(Park et al. 2013). Staphylococcus aureus colonization is
common in AD patients (Ochmann et al. 2013).
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Recently, the incidence of community-acquired
methicillin-resistant S. aureus (CA-MRSA) has increased
among general population (David and Daum 2010). The
objectives of the present study were to determine the
prevalence CA-MRSA colonization in AD patients in a
dermatology clinic in Mansoura, Egypt, resistance pattern
and superantigen genes among isolates of CA-MRSA.

Methods

Patients

A cross-sectional study was carried out on 60 patients
diagnosed as AD randomly selected from AD patients
attending the dermatology outpatient clinic, Mansoura
University Hospital (M.U.H.), Egypt, over a 1-year period
(from May 2016 to April 2017). The Institutional Re-
search Board (IRB) of the Faculty of Medicine, Mansoura
University, approved this study, and each participant
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provided an informed consent before entering the study.
All participants were subjected to careful history taking,
full general and dermatological examination, and evalu-
ation of clinical severity of AD. The clinical severity of
AD was assessed by SCORing Atopic Dermatitis
(SCORAD) scoring system fulfilling the criteria of AD
(European Task Force on Atopic Dermatitis, 1993).
Household facilities in management of hygiene and care of
the skin were assessed during history taking from patients.

Inclusion criteria
Any AD patient of any age was randomly selected and
enrolled in the study.

Exclusion criteria

Patients with other chronic dermatological condition as-
sociated with defects in skin barrier (e.g., psoriasis, ich-
thyosis, and seborrheic dermatitis); if patients had any
other conditions increase the risk of healthcare-associ-
ated MRSA colonization, history of recent surgery, and
dialysis; and if the patients had an indwelling catheters
or a medical devices inserted through the skin at the
time of enrollment or history of hospitalization within
the previous year.

Isolation and identification of S. aureus and MRSA

Nasal and skin swabs from lesions were obtained from
AD patients by sterile cotton-tipped swabs. Samples
were cultured on mannitol salt agar and 5% sheep blood
agar and incubated aerobically at 37°°C for 24 h. Col-
onies are identified as S. aureus by colony morphology,
Gram stain, catalase, coagulase, and DNAse tests.

Antimicrobial susceptibility

The sensitivity of MRSA isolates was examined by disk
diffusion method according to the guidelines of CLSI,
against antibiotics including ampicillin (10 pg), gentamy-
cin (10pug), erythromycin (15pg), chloramphenicol
(30 pg), imipenem (10 pg), ciprofloxacin (5 pg), tetracyc-
line (30 pg), vancomycin (30 pg) and fusidic acid (10 pg),
and cefoxitin (30 pg). An isolate was reported as MRSA
if the cefoxitin inhibition zone diameter was <21 mm.
Inducible clindamycin resistance was detected by D test
(Clinical and Laboratory Standards Institute, 2016).

Molecular characterization

DNA isolation

Genomic DNA was extracted by the GeneJET Genomic
DNA Purification Kit (Thermo Scientific).

Multiplex PCR for detection of mecA and staphylococcal
toxin genes

All S. aureus isolates resistant to cefoxitin were exam-
ined by PCR for the presence of mecA gene,
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staphylococcal enterotoxin genes (sea, seb, sec, sed), and
toxic shock syndrome-like toxin gene (sst)-1. Two sets
of multiplex PCR were separately performed using (1)
mecA and tsst-1 primers and (2) sea, seb, sec, and sed.
PCR was conducted in a Perkin-Elmer GeneAmp 2400
thermal cycler with an initial denaturation at 94 °C for 5
min followed by 35 cycles of amplification (denaturation
at 94°C for 2 min, annealing at 57 °C for 2 min, and ex-
tension at 72 °C for 1 min), ending with a final extension
at 72°C for 7 min (Mehrotra et al. 2000). PCR products
were analyzed by electrophoresis in a 2% agarose gel that
was stained with ethidium bromide.

Primers used in this study and the product sizes of an-
alyzed genes are listed in Table 1.

Results

During the study period, a total of 120 samples (60 from
lesional skin and 60 from the nose of patients) were col-
lected from 60 patients: 34 women (56.7%) and 26 men
(43.3%). The median age was 4.5 years (range from 1 to
70 years). The duration of AD is 12 months (range from
1 to 156 months).

Household facilities in management of hygiene and
care of the skin were of average good quality in all pa-
tients. S. aureus was reported in 54 (90%) out of 60 AD
patients. Twenty-nine patients (48.3%) were colonized in
both lesional skin and nose. Thirty-six out of 60 skin
swabs (60%) and 47 out of 60 nasal swabs (78.3%) were
positive for S. aureus.

CA-MRSA was identified by resistance to cefoxitin by
disc diffusion test. All the tested MRSA isolates possessed
the mecA gene. Thirty-one isolates of CA-MRSA were
identified in 28 (46.7%) patients. Thirteen (21.7%) out of
the 60 skin swabs and 18 (30%) out of the 60 nasal swabs
were positive for CA-MRSA. The characters of AD
patients colonized with MSSA and CA-MRSA were
discussed in (Table 2). Antibiotic resistance pattern of
CA-MRSA isolates was shown in Fig. 1. All isolates of
CA-MRSA carried superantigen genes (27 strains carried

Table 1 Specific primers used in this study (Mehrotra et al. 2000)

Gene Primers’ sequence Product size

sea 5-GGTTATCAATGTGCGGGTGG-3' 102
5"-CGGCAC CTCTTCGG-3'

seb 5-GTATGGTGGTGTAACTGAGC-3' 164
5-CCAAATAGTGACGAGTTAGG-3'

sec 5-AGATGAAGTAGTTGATGTGTATGG-3' 451
5-CACACTTTTAGAATCAACCG-3'

sed 5-CCAATAATAGGAGAAAATAAAAG-3' 278
5-ATTGGTA CGTTC-3'

tsst 5-ACCCCTGTTCCCTTATCATC-3' 326
S"TTTTCAGTATTTGTAACGCC-3'

mecA 5"-ACTGCTATCCACCCTCAAAC-3' 163

5-CTGGTGAAGTTGTAATCTGG-3'
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Table 2 Characters of AD patients with MSSA and MRSA isolates
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Variables MSSA n=26 MRSA n =28 Total n=54
Age

<2 1 (33.3%) 2 (66.7%) 3(55)

2-18 22 (46.83%) 25 (53.2%) 47 (87.1)

>18 3 (75%) 1 (25%) 4(74)
Gender

Male 9 (37.5%) 15 (62.5%) 24 (44.5%)
Median (duration of AD in years) 42 85 55
Topical antibiotics 23 (51%) 22 (49%) 45 (83.3)
Topical steroid 18 (41.9%) 25 (58.1%) 43 (79.6)
AD SCORAD

Mild 4 (66.7%) 2 (33.3%) 6 (11.1)

Moderate 10 (66.7%) 5(33.3%) 15 (27.8)

Severe 12 (36.4%) 21 (63.6%) 33 (61.1)

multiple genes and 4 carried a single gene). Thirty-one
isolates carried tsst gene, 24 isolates carried sec, 21
isolates carried sea, and 19 isolates carried seb and sed
Figs. 2 and 3. There is no significant association be-
tween any of the tested genes and the severity of the
disease (Table 3).

Discussion

The lesion of atopic dermatitis is more susceptible to
colonization and infection by microbes, such as S. aur-
eus (Sun and Ong 2017). In the current study,
CA-MRSA was detected in 28 out of 54 patients colo-
nized with S. aureus, while Hwang et al. (2017) in Korea
found that 39.4% of AD were colonized by MRSA. A
lower percentage of MRSA among S. aureus isolates
ranged from 0 to 16% in other reports (Petry et al. 2014;
Balma-Mena et al. 2011; Suh et al. 2008). This difference
in the prevalence of S. aureus in AD patients might be

due to variable methods of sampling, intermittent
colonization, and the hygienic status of patients. More-
over, David and Cambridge (1986) declared that one of
the main reasons for the differences between studies is
the great difference in the clinical severity of the AD in
each study. This could interpret the high rate of
colonization in our study as more than half of our cases
were severe AD.

Patient with AD has increased risk of increasing anti-
biotic resistance due to the frequent use of topical and
systemic antibiotics (Lipnharski et al. 2013). In this
study, a high rate of antibiotic resistance was reported.
About 80% of isolates were resistant to clindamycin.
Moreover, about 64.5% of isolates exhibited the iMLSB.
The rate of erythromycin-induced resistance to clinda-
mycin is high as that reported by Gomes et al. (2011).
The increasing resistance to macrolides may limit the
use of erythromycin (Chaptini et al. 2016). In our study,
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Fig. 1 Antibiotics resistance pattern of MRSA isolates
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Fig. 2 Agarose 2% showing results of multiplex PCR for the
detection of mecA and tsst-1 genes. Lane one shows a 100-bp
molecular size standard DNA ladder. Lanes 2-4 were positive for
mecA (163 bp) and tsst-1 (326 bp)

a high rate of resistance was noted for fusidic acid
(51.6%). Similarly, the rate of fusidic acid resistance is
50% in dermatological patients (Shah and Mohanraj
2003). On other hand, previous publications have re-
ported a lower rate of resistance to fusidic acid (Hwang
et al. 2017; Blazewicz et al. 2018). The use of fusidic acid
for a short period is recommended in the treatment of

Fig. 3 Agarose 2% showing results of multiplex PCR for the
detection of seq, seb, sec, and sed genes. Lane one shows a 100-bp
molecular size standard DNA ladder. Lanes 2 and 4 were positive for
seb (164 bp) and sed (278 bp), lane 3 was positive for sea (102 bp)
and sec (451 bp), and lane 5 was positive for seb (164 bp)
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Table 3 Molecular characterization of superantigen genes in
patients with AD and disease severity

ADSCORAD  Sea Seb sec sed Tsst

Mild (n=2) 1 (50%) 2 (100%) 1 (50%) 1 (50%) 2 (100%)
Moderate 2 (40%) 4 (80%) 3 (60%) 2 (40%) 5 (100%)
(n=5)

Severe 15 (714%) 10 (47.6%) 18 (85.7%) 12 (57.1%) 21 (100%)

(n=21)

skin infections in order to preclude further resistance
development (Blazewicz et al. 2018).

The responsibility of staphylococcal virulence factors
in the pathophysiology of AD is an active area of study
(Jochmann et al. 2013). In this study, all CA-MRSA iso-
lates from AD patients were positive for at least one of
the tested toxin genes. Similarly, two studies found that
toxigenic genes among MRSA and S. aureus in AD were
90% and 100%, respectively (Lo et al. 2010; Silva et al.
2006). On the other hand, two reports from Egypt found
that only 50% and 54% S. aureus strains were toxigenic
(Gerges et al. 2015; Nada et al. 2012).

In the current study, the tssz was the most commonly
detected gene in CA-MRSA isolates. In addition, there
was no correlation between certain superantigen gene
and the severity of AD. tsst gene was the most common
detected superantigen (Schlievert et al. 2008; Kim et al.
2009). However, other superantigens were found in other
reports (Lo et al. 2010; Blazewicz et al. 2018). Preceding
reports also found no relation between superantigen and
severity AD disease (Kozman et al. 2010; Rojo et al
2013). On the other hand, Pascolini et al. (2011) found
that £sst-1 were significantly more frequent in children
with severe AD. In addition, Breuer et al. (2002) showed
that seb may worsen skin lesions. The variation in pre-
dominant toxins in the studies may be due to its differ-
ence in geographic areas, difference in the number of
superantigens tested, or difference in the methods of de-
tection (Kim et al. 2009; Na et al. 2012).

Conclusions

Atopic dermatitis patients were colonized with CA-MRSA.
The most common toxin gene was £sst in the Egyptian AD
patients. There is no significant association between any of
superantigen and severity of AD.

Abbreviations

AD: Atopic dermatitis; CA-MRSA: Community-acquired methicillin-resistant
Staphylococcus aureus; se: Staphylococcal enterotoxin; tsst: Toxic shock
syndrome toxin

Acknowledgements

To the soul of Professor Ramdan A. Mahfouz, we'd like to express thanks for
his guidance in selecting, determining the structure and supervising the
research work.

Funding
None



Ali et al. Biomedical Dermatology (2019) 3:2

Availability of data and materials
Please contact author for data requests.

Authors’ contributions

RE designed the study and analyzed and interpreted the data. MG
diagnosed the cases, reviewed the study, and edited the manuscript. RE and
HA carried out the microbiological tests and contributed in writing the
manuscript. All authors read and approved the final manuscript.

Ethics approval and consent to participate

The protocol was approved by the institutional research board at faculty of
medicine, Mansoura University. Informed consent to participate was taken
from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Mansoura Joint Laboratory, Mansoura 35516, Egypt. “Department of Medical
Microbiology and Immunology, Faculty of Medicine, Mansoura University,
Mansoura 35516, Egypt. *Department of Dermatology, Andrology and STDs,
Faculty of Medicine, Mansoura University, Mansoura 35516, Egypt.

Received: 12 October 2018 Accepted: 1 February 2019
Published online: 13 February 2019

References

Balma-Mena A, Lara-Corrales |, Zeller J, Richardson S, McGavin MJ, Weinstein M,
Pope E. Colonization with community-acquired methicillin-resistant
Staphylococcus aureus in children with atopic dermatitis: a cross-sectional
study. Int J Dermatol. 2011;50:682-8.

Bfazewicz |, Jaskiewicz M, Piechowicz L, Neubauer D, Nowicki RJ, Kamysz W,
Barariska-Rybak W. Activity of antimicrobial peptides and conventional
antibiotics against superantigen positive Staphylococcus aureus isolated from
patients with atopic dermatitis. Postepy Dermatol Alergol. 2018;35:74-82.

Boothe WD, Tarbox JA, Tarbox MB. Atopic dermatitis pathophysiology. Adv Exp
Med Biol. 2017;1027:21-37.

Breuer K, Haussler S, Kapp A, Werfel T. Staphylococcus aureus: colonizing features
and influence of an antibacterial treatment in adults with atopic dermatitis.
Br J Dermatol. 2002;147:55-61.

Chaptini C, Quinn S, Marshman G. Methicillin-resistant Staphylococcus aureus in
children with atopic dermatitis from 1999 to 2014: a longitudinal study.
Australas J Dermatol. 2016;57:122-7.

Clinical and Laboratory Standard Institute (CLSI). Performance standards for
antimicrobial susceptibility testing; 26th ed. CLSI supplement M100s: Wayne, PA,
USA: CLSI; 2016.

David MZ, Daum RS. Community-associated methicillin-resistant Staphylococcus
aureus: epidemiology and clinical consequences of an emerging epidemic.
Clin Microbiol Rev. 2010;23:616-87.

David T, Cambridge G. Bacterial infection and atopic eczema. Arch Dis Child.
1986;61:20-3.

European Task Force on Atopic Dermatitis. Severity scoring of atopic dermatitis:
the SCORAD index. Dermatology. 1993;186:23-31.

Gerges MA, Tantawy EA, Eldesoky F, Ghonemy S, Hagrass HA. Superantigen gene
profile of Staphylococcus aureus colonizing Egyptian pediatric patients with
atopic dermatitis: relationship to disease severity and multi-drug resistance.
Egypt J Med Microbiology. 2015;24:1-8.

Gomes P, Malavige G, Fernando N, Mahendra M, Kamaladasa S, Seneviratne J,
Karunatilaka D, Ogg G. Characteristics of Staphylococcus aureus colonization
in patients with atopic dermatitis in Sri Lanka. Clin Exp Dermatol. 2011;36:
195-200.

Hwang Y, Kang JS, Kim BK, Kim SW. Colonization of Staphylococcus aureus and
sensitivity to antibiotics in children with atopic dermatitis. Allergy Asthma Respir Dis.
2017,521-6.

Page 5 of 5

Kim DW, Park JY, PARK KD, kim TH, lee WJ, lee SJ, kim J. Are there predominant
strains and toxins of Staphylococcus aureus in atopic dermatitis patients?
Genotypic characterization and toxin determination of S. aureus isolated in
adolescent and adult patients with atopic dermatitis. J Dermatol. 2009;36:75-81.

Kozman A, Yao Y, Bina P, Saha C, Yao W, Kaplan MH, Travers JB. Encoding a
superantigen by Staphylococcus aureus does not affect clinical characteristics
of infected atopic dermatitis lesions. Br J Dermatol. 2010;163:1308-11.

Lipnharski C, d’Azevedo PA, Quinto VP, Bessa G, Bonamigo RR. Colonization by S.
aureus increases the EASI and the number of appointments by patients with
atopic dermatitis: cohort with 93 patients. An Bras Dermatol. 2013;88:518-21.

Lo WT, Wang SR, Tseng MH, Huang CF, Chen SJ, Wang CC. Comparative
molecular analysis of meticillin-resistant Staphylococcus aureus isolates from
children with atopic dermatitis and healthy subjects in Taiwan. Br J Dermatol.
2010;162:1110-6.

Mehrotra M, Wang G, Johnson WM. Multiplex PCR for detection of genes for
Staphylococcus aureus enterotoxins, exfoliative toxins, toxic shock syndrome
toxin 1 and methicillin resistance. J clin microbiol. 2000;38:1032-5.

Na S-Y, Roh J-Y, Kim J-M, Tamang MD, Lee J-R. Analysis of colonization and
genotyping of the exotoxins of Staphylococcus aureus in patients with
atopic dermatitis. Ann Dermatol. 2012;24:413-41.

Nada HA, Gomaa NIM, Elakhras A, Wasfy R, Baker RA. Skin colonization by
superantigen-producing Staphylococcus aureus in Egyptian patients with
atopic dermatitis and its relation to disease severity and serum interleukin-4
level. Int J Infect Dis. 2012;16:229-33.

Ochmann A, Hower S, Davis S, Izakovic J, Plano L. Correlation of twenty virulence
genes of staphylococcus aureus with severity of atopic dermatitis in children
as compared to healthy individuals. J clin EXP Dermatol Res. 2013;4:174.

Park H, Kim C, Huh |, Jung M, Seo E, Park J. Staphylococcus aureus colonization in
acute and chronic skin lesions of patients with atopic dermatitis. Ann
Dermatol. 2013;25:410-6.

Pascolini C, Sinagra J, Pecetta S, Bordignon V, De Santis A, Cilli L, Cafiso V,
Prignano G, Capitanio B, Passariello C, Stefani S, Cordiali-Fei P, Ensoli F.
Molecular and immunological characterization of Staphylococcus aureus in
pediatric atopic dermatitis: implications for prophylaxis and clinical
management. Clin Dev Immunol. 2011;2011:1-7.

Petry V, Lipnharski C, Bessa GR, Silveira VB, Weber MB, Bonamigo RR, d'Azevedo
PA. Prevalence of community-acquired methicillin-resistant Staphylococcus
aureus and antibiotic resistance in patients with atopic dermatitis in Porto
Alegre, Brazil. Int J Dermatol. 2014;53:731-5.

Rojo A, Aguinaga A, Monecke S, Yuste JR, Gastaminza G, Espaia A.
Staphylococcus aureus genomic pattern and atopic dermatitis: may factors
other than superantigens be involved? Eur J Clin Microbiol Infect Dis. 2013;
33651-8.

Schlievert PM, Case LC, Strandberg KL, Abrams BB, Leung DY. Superantigen
profile of Staphylococcus aureus isolates from patients with steroid-resistant
atopic dermatitis. Clin Infect Dis. 2008;46:1562-7.

Shah M, Mohanraj M. High levels of fusidic acid-resistant Staphylococcus aureus
in dermatology patients. Br J Dermatol. 2003;148:1018-20.

Silva SH, Guedes ACM, Gontijo B, Ramos AMC, Carmo LS, Farias LM, Nicoli JR.
Influence of narrow-band UVB phototherapy on cutaneous microbiota of
children with atopic dermatitis. J Eur Acad Dermatol Venereol. 2006,20:1114-20.

Suh L, Coffin S, Leckerman KH, Gelfand JM, Honig PJ, Yan AC. Methicillin-resistant
Staphylococcus aureus colonization in children with atopic dermatitis.
Pediatr Dermatol. 2008;25:528-34.

Sun D, Ong PY. Infectious complications in atopic dermatitis. Immunol Allergy
Clin N Am. 2017;37:75-93.



	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients
	Inclusion criteria
	Exclusion criteria

	Isolation and identification of S. aureus and MRSA
	Antimicrobial susceptibility
	Molecular characterization
	DNA isolation

	Multiplex PCR for detection of mecA and staphylococcal toxin genes

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

