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Staphylococcus species are common inhabitants of humans and other animals. Staphylococcus
aureus is responsible for hundreds of thousands of skin and soft tissue infections [1] and is a significant
cause of bloodstream infections in humans [2]. Several different exotoxins are produced by S. aureus,
including enterotoxins, hemolysins, and leukocidins that kill white blood cells [3,4]. These exotoxins
lead to direct damage to the host, modulate immune defenses, and may have an indirect effect on the
host by mounting a cytokine storm. Early studies on staphylococcal exotoxins include work by Bayliss
who identified that S. aureus enterotoxins caused vomiting [5], Marks investigation of hemolysins [6],
and Blobel et al. demonstrating the lethal properties of leukocidins on human white blood cells [7].
When community-associated methicillin-resistant (CA-MRSA) S. aureus emerged, sequencing of the
first CA-MRSA strain showed the acquisition of new pathogenicity islands harboring new exotoxin
genes that contribute to human disease [8]. Thus, S. aureus continues to evolve in part by acquiring
new exotoxin genes.

This special issue is focused on staphylococcal toxins and the impact they have on mammalian
health. Several studies examined the role toxins play in S. aureus pathogenesis, whereas other papers
explored new therapeutics aimed at limiting the action of the toxins. A couple of review papers give
good overviews as to why toxins are crucial for specific aspects of S. aureus infections.

A paper by Bretl et al. investigated the in vivo regulation of staphylococcal superantigen-like
protein 1 [9]. They showed transcription of the ssl1 gene increased when S. aureus was grown under
nutrient deprived conditions that included early growth in murine abscesses. This represented the
first time transcription of a staphylococcal superantigen-like gene was studied in vivo within S. aureus
infecting animals.

A couple of papers dealt with S. aureus alpha-toxin. The Keogh et al. paper examined the role
peptidyl-prolyl cis/trans isomerases (PPlases) have in regulating alpha-toxin and their contribution to
S. aureus virulence in murine abscess and systemic models of infection [10]. A ppiB mutant that no
longer encodes one of the PPlases produced less alpha-toxin and phenol-soluble modulins (PSMs)
compared to the unmutated parent strain. A change in the host cell membrane that affected alpha-toxin
activity was explored in the work done by Ziesemer et al. [11]. When sphingomyelinase was used to
pre-treat airway epithelial cells, alpha-toxin heptamer formation was blocked, which led to a loss of
transmembrane pore formation.

Two papers within this issue are centered on S. aureus enterotoxins. Grispoldi et al. studied
enterotoxin production in S. aureus within canned meat [12]. The time between seaming and sterilization
was examined. Enterotoxin was detected within one to two days depending on the incubation
temperature of the canned meat. Heat treatment killed the S. aureus, but active enterotoxins could be
present that would not be detected by serology. In the other enterotoxin paper, Fang et al. demonstrated
that the application of purified staphylococcal enterotoxin C to murine mammary glands caused
a significant increase in proinflammatory cytokines within those mammary glands compared to a
phosphate buffered saline control [13]. Application of an anti-staphylococcal enterotoxin C antibody
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reduced both the inflammation and tissue damage within the mammary gland, strengthening the
argument that staphylococcal enterotoxin C produced by S. aureus has an important role to play in
mastitis development.

S. aureus is one of the leading causes of eye infection in humans. The role of toxins in S. aureus eye
disease is well known. Astley et al.’s review paper describes the historic role of alpha-toxin in cornea
damage [14]. Other hemolysins (i.e., delta-toxin and gamma toxin) and leukocidins have significantly
lesser roles in regard to eye damage compared to the effect of alpha-toxin. The review notes that not
much is known about the role of PSMs in corneal damage, a topic that needs further investigation.

Two papers within this special issue are focused on atopic dermatitis. Traisaeng et al. describes
how butyric acid produced by one species of Staphylococcus was able to inhibit the growth of a
S. aureus isolate derived from a patient with atopic dermatitis [15]. A derivative of the butyric acid was
synthesized and led to a reduction in S. aureus mediated inflammation. The review by Seiti Yamada
Yoshikawa et al. outlines the role of toxins in atopic dermatitis, a chronic skin disease that involves
a significant inflammatory response [16]. They discuss how alpha toxin compromises E-cadherin
integrity and interacts with sphinomyelin that in turn leads to lysis of keratinocytes. Newer studies
they present suggest that staphylococcal toxins not only promote inflammation, but they may also
serve as a counterbalance to some of the host regulatory mechanisms.

The paper by Habib et al. used a bioinformatic approach to find toxin—antitoxin systems in
S. aureus [17]. They found 39% of the toxin—antitoxin systems are within the seven S. aureus pathogenicity
islands. Furthermore, a new S. aureus toxin—antitoxin system was identified where the antitoxin is a
transcriptional autoregulator and the toxin inhibits the autoregulation.

Papers by Kailasan et al. [18] and Ouyang et al. [19] explored treatment options for S. aureus
infections. Kailasan et al. generated a library of leukotoxin gene mutations that targeted functional
domains of the leukocidin protein that were in turn used to make polyclonal antibodies to the lead
toxoid candidate. A combination of antibodies to various toxins that included the new anti-leukocidin
antibody completely neutralized the cytotoxic properties of the S. aureus. On the other hand, Ouyang
et al. tested a bibenzyl compound for its anti-virulence capabilities against S. aureus. Mice treated with
the drug had a significantly higher survival rate than untreated mice.

Lastly, the paper by Tuchscherr et al. examined several strains of S. aureus for their genotype
and virulence capabilities [20]. These strains were split into low-cytotoxicity and high-cytotoxicity
arms for use in two murine infection models. Both groups persisted within the mice and were able to
cause infections. The low-cytotoxicity strains grew to higher numbers and were not cleared to the
same extent as the high-cytotoxicity strains, suggesting this adaptation could be important in the
development of chronic infections.

Funding: This research received no external funding.

Acknowledgments: The editor is grateful to all of the authors who contributed their work to this Special Issue.
Special thanks goes to the rigorous evaluations of all of the submitted manuscripts by the expert peer reviewers
who contributed to this Special Issue. Lastly, the valuable contributions, organization, and editorial support of the
MDPI management team and staff are greatly appreciated.

Conflicts of Interest: The author declares no conflict of interest.

References

1.  Suaya, J.A,; Mera, RM,; Cassidy, A.; O'Hara, P.; Amrine-Madsen, H.; Burstin, S.; Miller, L.G. Incidence and
cost of hospitalizations associated with Staphylococcus aureus skin and soft tissue infections in the United
States from 2001 to 2009. BMC Infect. Dis. 2014, 14, 296. [CrossRef] [PubMed]

2. Cahill, T.J.; Baddour, L.M.; Habib, G.; Hoen, B.; Salaun, E.; Pettersson, G.B.; Schafers, H.].; Prendergast, B.D.
Challenges in infective endocarditis. J. Am. Coll. Cardiol. 2017, 69, 325-344. [CrossRef] [PubMed]

3.  Archer, G.L. Staphylococcus aureus: A well-armed pathogen. Clin. Infect. Dis. 1998, 26, 1179-1180.
[CrossRef] [PubMed]


http://dx.doi.org/10.1186/1471-2334-14-296
http://www.ncbi.nlm.nih.gov/pubmed/24889406
http://dx.doi.org/10.1016/j.jacc.2016.10.066
http://www.ncbi.nlm.nih.gov/pubmed/28104075
http://dx.doi.org/10.1086/520289
http://www.ncbi.nlm.nih.gov/pubmed/9597249

Toxins 2019, 11, 457 30f3

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Dinges, M.M.; Orwin, PM.; Schlievert, PM. Exotoxins of Staphylococcus aureus. Clin. Microbiol. Rev. 2000,
13, 16-34. [CrossRef] [PubMed]

Bayliss, M. Studies on the mechanism of vomiting produced by Staphylococcus. J. Exp. Med. 1940, 72,
669-684. [CrossRef] [PubMed]

Marks, J. The standardization of staphylococcal alpha anti-toxin, with special reference to anomalous
haemolysins including delta-lysin. J. Hyg. 1951, 49, 52-66. [CrossRef] [PubMed]

Blobel, H.; Wenk, K.; Kanoe, M. Effects of Panton-Valentine leukocidin of Staphylococcus aureus on leukocytes
from patients with leukemia. Infect. Immun. 1971, 3, 507-509. [PubMed]

Baba, T.; Takeuchi, F; Kuroda, M.; Yuzawa, H.; Aoki, K.; Oguchi, A.; Nagai, Y.; Iwama, N.; Asano, K.;
Naimi, T.; et al. Genome and virulence determinant of high virulence community-acquired MRSA. Lancet
2002, 359, 1819-1827. [CrossRef]

Bretl, D.J.; Watkins, H.; Schwan, W.R. Regulation of the staphylococcal superantigen-like protein 1 gene of
community-associated methicillin-resistant Staphylococcus aureus in murine abscesses. Toxins 2019, 11, 391.
[CrossRef] [PubMed]

Keogh, R.A.; Zapf, R.L.; Trzeciak, E.; Null, G.G.; Wiemels, R.E.; Carroll, R.K. Novel regulation of alpha-toxin
and the phenol-soluble modulins by peptidyl-prolyl cis/trans isomerase enzymes in Staphylococcus aureus.
Toxins 2019, 11, 343. [CrossRef] [PubMed]

Ziesemer, S.; Moller, N.; Nitsch, A.; Muller, C.; Beule, A.G.; Hildebrandt, J.P. Sphingomyelin depletion from
plasma membranes of human airway epithelial cells completely abrogates the deleterious actions of S. aureus
alpha-toxin. Toxins 2019, 11, 126. [CrossRef] [PubMed]

Grispoldi, L.; Popescu, P.A.; Karama, M.; Gullo, V.; Poerio, G.; Borgogni, E.; Torlai, P.; Chianese, G.;
Fermani, A.G.; Sechi, P; et al. Study on the growth and enterotoxin production by Staphylococcus aureus in
canned meat before retorting. Toxins 2019, 11, 291. [CrossRef] [PubMed]

Fang, R.; Cui, J.; Cui, T.; Guo, H.; Ono, HK; Park, C.H.; Okamura, M.; Nakane, A.; Hu, D.L. Staphylococcal
enterotoxin C is an important virulence factor for mastitis. Toxins 2019, 11, 141. [CrossRef] [PubMed]
Astley, R.; Miller, F.C.; Mursalin, M.H.; Coburn, P.S.; Callegan, M.C. An eye on Staphylococcus aureus toxins:
Role in ocular damage and inflammation. Toxins 2019, 11, 356. [CrossRef] [PubMed]

Traisaeng, S.; Herr, D.R.; Kao, H.J.; Chuang, T.H.; Huang, C.M. A derivative of butyric acid, the fermentation
metabolite of Staphylococcus epidermidis, inhibits the growth of a Staphylococcus aureus strain isolated
from atopic dermatitis patients. Toxins 2019, 11, 311. [CrossRef] [PubMed]

Seiti Yamada Yoshikawa, F.; Feitosa de Lima, J.; Notami Sato, M.; Alefe Leuzzi Ramos, Y.; Aoki, V.; Leao
Orfali, R. Exploring the role of Staphylococcus aureus toxins in atopic dermatitis. Toxins 2019, 11, 321.
[CrossRef] [PubMed]

Habib, G.; Zhu, Q.; Sun, B. Bioinformatic and functional assessment of toxin-antitoxin systems in
Staphylococcus aureus. Toxins 2018, 10, 473. [CrossRef] [PubMed]

Kailasan, S.; Kort, T.; Mukherjee, I.; Liao, G.C.; Kanipakala, T., Williston, N.; Ganjbarsh, N.;
Venkatasubramamiam, A.; Holtsberg, EW.; Karauzam, H.; et al. Rational design of toxoid vaccine candidates
for Staphylococcus aureus leukocidin AB (LukAB). Toxins 2019, 11, 339. [CrossRef] [PubMed]

Ouyang, P,; He, X.; Yuan, Z.-W,; Yin, Z.-Q.; Fu, H.; Lin, J.; He, C; Liang, X.; Lv, C.; Shu, G.; et al. Erianin
against Staphylococcus aureus infection via inhibiting sortase A. Toxins 2018, 10, 385. [CrossRef] [PubMed]
Tuchscherr, L.; Pllath, C.; Siegmund, A.; Deinhardt-Emmer, S.; Hoerr, V.; Svensson, C.M.; Figge, M.T,;
Monecke, S.; Loffler, B. Clinical S. aureus isolates vary in their virulence to promote adaptation to the host.
Toxins 2019, 11, 135. [CrossRef] [PubMed]

@ © 2019 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1128/CMR.13.1.16
http://www.ncbi.nlm.nih.gov/pubmed/10627489
http://dx.doi.org/10.1084/jem.72.6.669
http://www.ncbi.nlm.nih.gov/pubmed/19871052
http://dx.doi.org/10.1017/S0022172400015369
http://www.ncbi.nlm.nih.gov/pubmed/20475839
http://www.ncbi.nlm.nih.gov/pubmed/16558006
http://dx.doi.org/10.1016/S0140-6736(02)08713-5
http://dx.doi.org/10.3390/toxins11070391
http://www.ncbi.nlm.nih.gov/pubmed/31277443
http://dx.doi.org/10.3390/toxins11060343
http://www.ncbi.nlm.nih.gov/pubmed/31208155
http://dx.doi.org/10.3390/toxins11020126
http://www.ncbi.nlm.nih.gov/pubmed/30791542
http://dx.doi.org/10.3390/toxins11050291
http://www.ncbi.nlm.nih.gov/pubmed/31126038
http://dx.doi.org/10.3390/toxins11030141
http://www.ncbi.nlm.nih.gov/pubmed/30832302
http://dx.doi.org/10.3390/toxins11060356
http://www.ncbi.nlm.nih.gov/pubmed/31248125
http://dx.doi.org/10.3390/toxins11060311
http://www.ncbi.nlm.nih.gov/pubmed/31159213
http://dx.doi.org/10.3390/toxins11060321
http://www.ncbi.nlm.nih.gov/pubmed/31195639
http://dx.doi.org/10.3390/toxins10110473
http://www.ncbi.nlm.nih.gov/pubmed/30441856
http://dx.doi.org/10.3390/toxins11060339
http://www.ncbi.nlm.nih.gov/pubmed/31207937
http://dx.doi.org/10.3390/toxins10100385
http://www.ncbi.nlm.nih.gov/pubmed/30249042
http://dx.doi.org/10.3390/toxins11030135
http://www.ncbi.nlm.nih.gov/pubmed/30823631
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

