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Abstract
Psoriasis is a common chronic skin disease, associated with an important physical and physiological involvement for any 
age. There is a strong link between psoriasis and streptococcal infection, particularly that of the tonsils. There are many 
therapies to treat psoriasis including topical, systemic, and biologic agents but these treatments are not free from side effects. 
Streptococcus salivarius K-12 is an oral probiotic product useful for the prophylaxis and treatment of tonsillar infections in  
children and adults, now tested here for the first time for control of psoriasis. Our retrospective analysis was conducted on 198 
patients affected by mild to moderate psoriasis: 100 patients were first treated for 90 days with Streptococcus salivarius K-12, 
while 98 did not receive any probiotics and were the control group. The patients treated with S. salivarius K-12 exhibited 
a significant improvement of their psoriasis from the baseline condition: 83.7% patients treated achieved a 100% improve-
ment of the PASI score at 24 weeks and efficacy continued to improve with longer treatment, maintaining same result also 
during follow-up observation. In all patients, the treatment was well tolerated, and no adverse events have been observed. 
Our data show that oral preparations containing Streptococcus salivarius may provide a beneficial option for the prevention 
and cure of pediatric and adult psoriasis.
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Introduction

Psoriasis is a common, chronic skin disease, affecting 
approximately 2% of the population and is mainly a dendritic 
cell and T-cell-mediated disease with complex feedback 
loops from antigen presenting cells, neutrophilic granulo-
cytes, keratinocytes, vascular endothelial cells, and the cuta-
neous nervous system. Crosstalk between the innate and the 
adaptive immune system mediated by cytokines including 
TNF-α, interferon-γ, and interleukin-1 is a major research 

focus [1, 2]. The dermal plasmacytoid dendric cell seems to 
be sensitive to the stimulation of complexes of host DNA and 
the epidermis-produced antimicrobial peptide LL-37, which 
induce these cells to produce interferon-α [3]. Activated den-
dritic cells produce TNFα and interleukin both on the onset  
and the relapsing of psoriasis [4]. Five types of psoriasis 
have been reported: plaque psoriasis (also known as psoria-
sis vulgaris) [5]; guttate (droplet) or eruptive psoriasis, char-
acterized by scaly teardrop-shaped spots; inverse psoriasis 
(intertriginous or flexural psoriasis) usually found in folds of 
skin; pustular psoriasis, which can be as palmoplantar pustu-
losis (pustular psoriasis of the palms and soles), or general-
ized pustular psoriasis (a rare and serious form of psoriasis); 
and erythrodermic psoriasis, which is a rare but very serious 
complication of psoriasis [6–12]. Streptoccoccus pyogenes  
frequently causes recurrent pharyngo-tonsillar infections 
in young children, and this is associated with the further 
requirements for recurrent clinical examinations, pharmaco-
logical treatments, specialist consultations, and sometimes 
surgical intervention [13, 14]. Many patients with psoriasis  
suffer from relapsing of the symptoms when affected by  
upper respiratory infection [13]. It has been hypothesized 
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that persistence of streptococcus may be the trigger (molecu-
lar mimicry) for the activation of skin-homing T cells. In 
fact, the researchers observed that tonsils from patients with 
psoriasis contain more T cells with skin homing potential  
compared with non-psoriatic individuals. Furthermore, 
superantigens produced by β-hemolytic streptococci can 
enhance T-cell expression of cutaneous lymphocyte- 
associated antigen (CLA)–a carbohydrate moiety expressed 
on 80% of T cells in the skin–and the frequency of 
CLA + CD8 + T cells in patients; these two conditions can 
correlate with patients disease severity. Although the rel-
evance of specific effector/memory T cells is well known,  
it is still unclear how and why the effector/memory T cells 
are activated. The innate immune response of the tonsils 
seems to play a crucial role in stimulating and regulating 
the T-cell-mediated adaptive immune response. An exces-
sive/aberrant tonsillar response to the streptococcal infec-
tion could cause T-cell expansion followed by movement of 
these cells to the skin. Once here, T-cells could induce an 
inflammatory response responsible for the relapsing/onset of 
psoriasis plaque. This finding is supported by the presence of 
oligoclonal T cells both in the tonsils and psoriatic plaques 
of the same individual, with disease remission after tonsil-
lectomy [15]. The research investigating the inflammation in 
the upper respiratory tract identified a close link between the 
lowering of potential bacterial pathogens and the presence of 
“antagonistic” streptococcal commensals in the microbiota; 
it has been shown that probiotic organisms can confer the 
same level of protection as naturally harbored strains [16]. 
Streptococcus salivarius K-12 is an oral probiotic, recently 
available in Italy for pediatric and adult use. S. salivarius 
K-12, a predominant colonizer of the oral cavity, produces 
two bacteriocins, salivaricin A2 and salivaricin B, both of 
which antagonize the growth of Streptoccoccus pyogenes.

S. salivarius can also inhibit growth of Haemophilus 
influenzae, Streptococcus pneumoniae, Moraxella catarrh-
alis, Micrococcus luteus, Streptococcus anginosus, Eubac-
terium saburreum, and Micromonas micros [16]. Strain of 
S. salivarious are used as probiotic and produces multiple 
bacteriocins and it used to reduce levels of Streptococcus 
salivarius, Streptococcus mutans, lactobacilli, β-haemolytic 
streptococci, and Candida species. Bacteriocins represent 
antimicrobials with specific killing activity [17]. They sup-
press the growth of bacteria that are phylogenetically closely 
related to the bacteriocin-producing strain. Unlike antibiot-
ics, the spectrum of action of bactericins does not include 
microbial species that are distanced phylogenetically from 
the producer strain [16]. The aim of the present study is to 
investigate the efficacy and safety of oral probiotic treatment 
with Streptococcus salivarius K12 (Bactoblis ®; Pharmaex-
tracta SpA, Pontenure (PC), Italy) after restoration of the 
natural conditions of the microbiota and the achievement of 
the persistence of probiotics in the upper respiratory tract on 

the clinical manifestations of psoriasis in children and adults 
who had a recent history of recurrent episodes of pharyngo-
tonsillar infections [18].

Materials and Methods

This prospective study aimed to evaluate the efficacy and 
safety profile of orally administered probiotic Streptococcus 
salivarius K-12 in patients affected by mild/moderate psoria-
sis. The data were collected in a tertiary University Hospi-
tal (Tor Vergata) collection over 10-month period, between 
October 2017 and August 2018. All patients signed a writ-
ten consent before being included and authorized the use 
of their data for scientific purpose. The study was approved 
by the hospital Review Board on 15/09/2017 with number 
092017PTV. The study was in accordance with the ethical 
principles of the Declaration of Helsinki and was consist-
ent with the guidelines for good clinical practice. The study 
included a total of 196 patients over 7 years of age (age 
7 ± 67.5 year; 92 M/100 F).

Inclusion criteria were psoriasis vulgaris (prevalent type 
and guttate psoriasis), history of streptococcal infections of 
tonsils and possibility of test antistreptolysin O-titer (ASLO 
titer) (normal < 200 UI/ml), and antistreptococcal antibody 
(normal < 85 Ui/ml) to identify recent strep infection.

Exclusion criteria were a concurrent diagnosis of other 
immunological disorders: Crohn’s disease, ulcerative colitis, 
rheumatoid arthritis, ankylosing spondylitis, subjects with 
onset of a severe organ dysfunction, terminal illness, human 
immunodeficiency virus (HIV) infection or cancer through-
out the study duration, patients treated with antibiotics dur-
ing the last 4 weeks.

Washout periods of 30  days or 5 half-lives–time to 
reduce the plasma concentration of a drug until consider-
ing it as eliminated–(which ever was longer) were required 
for biological, systemic, and investigational agents prior to 
baseline.

The subjects who met inclusion criteria were randomized 
and assigned to the treatment or control group. Ninety-eight 
patients (treatment group) were treated for 90 days with an 
oral supplement that contains 1 billion of Streptococcus sali-
varius K12 (1 tablet daily) [19] and topical treatment such 
as emollient and vitamin D derivatives, while 98 subjects 
(control) with topical treatment such as emollient and vita-
min D derivatives (Table 1). S. salivarius was administered 
as tablets sucked slowly in the evening just before bedtime, 
one tablet each day for 24 weeks in psoriatic patients. Every 
tablet contains one billion colony-forming units (CFU) S. 
salivarius/dose (based on the product expiry date).

The patients were evaluated at baseline and then after 
twenty-four weeks by calculating the Psoriasis Activ-
ity and Severity Index (PASI) [20] and the Dermatology 
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Life Quality Index (DLQI) [19]. Efficacy of probiotic 
product to reduce psoriatic lesions was evaluated at each 
follow-up visit as PASI 75/90/100 response rates (i.e., per-
centage of patients with a reduction of the baseline PASI 
score ≥ 75%/ ≥ 90% [clear or almost clear skin]/ = 100% 
[clear skin], respectively).

All endpoints were evaluated at week 0 and after 
24 weeks of treatment. Adverse events were evaluated at 
every study visit and up to 60 days following the last dose 
of study medications.

All medications received at the time of screening and 
enrollment or during the study were recorded.

Statistical Analysis

Data were summarized as mean and standard deviation for 
continuous variables and as number of patients (percent-
age) for each categorical variable. Chi-square (χ) was per-
formed to evaluate the statistical difference between treat-
ment and control group. The statistical significance was set 
at p-value < 0.05. The analysis was performed by PSPP ® 
statistical software.

Results

In the treatment group, mean baseline PASI score was 
17.3 ± 15.4 (SD = 5683), compared to the control group was 
7.5 ± 6.5 (SD = 3092). At week 24, PASI 75 response was  
achieved by 84% (n = 84) of patients, PASI 90 response 
was achieved by 75% of patients (n = 75), and PASI 
100 response was achieved by 55% of patients (n = 55) 
(SD = 1364). At the same point, 42.8% of control group 
(n = 42) achieved PASI75, PASI 90 response was achieved 

by 30.6% of patients (n = 30), and PASI 100 response was 
achieved by 21.4% of patients (n = 21) (SD = 2494). Statisti-
cally significant variances were observed comparing treat-
ment and control group (χ; p = 0.01) (Figs. 1 and 2). The 
patients treated with S. salivarius K-12 efficacy continued to 
improve with longer treatment, maintaining same result also 
during follow-up observation. In all patients, the treatment 
was well tolerated, and none of the patients had adverse 
events (Fig. 3). Moreover, despite the treated patients hav-
ing ASLO and antistreptococcal antibody titers positivity 
at the start of therapy (meaningful that the patients had had 
an infection in the previous weeks currently solved), they 
achieved PASI100 after 24 weeks the same, instead in the 
control group only 66.7%.

By comparison with the control group, the patients 
treated with S. salivarius experienced a significant improve-
ment of the skin pathology and they did not have a worsen-
ing even after discontinuation of treatment throughout the 
follow-up period. Our analysis has also demonstrated the 

Table 1  Demographic characteristics of treatment and control group

Characteristics of the study population (n = 198)

Gender Females 102
Males 96

Age (years) Age 7 ± 67.5 year
Smoking 52
Psoriasis duration (years) 2 ± 24 year
Previous phototherapy 23
Previous cyclosporin 52
Previous acitretin 45
Previous methotrexate 62
Palmoplantar 30
Guttate psoriasis 81
Scalp psoriasis 89
Genital psoriasis 12
Facial psoriasis 24

Fig. 1  The graph shows the statistically significant differences (** = 0.01) 
identified between the treatment and control group in absolute. indicates 
standard deviation (SD)

Fig. 2  The differences between treatment and control are statistically 
significant at any of the observation point (** = 0.01)
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absence of any dependency on sex and age variables. The 
safety profile during the observational period did not report 
any side effects and no probiotic-related infections.

Discussion

In most patients, especially individuals who carry the human 
leukocyte antigen (HLA)-C0602 allele, first initiation and 
acute exacerbation of psoriasis are triggered by tonsillar 
infection with Streptococcus pyogenes [21]. The incidence 
of preceding streptococcal sore throat in psoriasis ranges 
between 58 and 97% [6, 22]. Lancefield group A streptococci 
(S. pyogenes) and streptococci of groups C and G have been 
also found in the patients’ tonsils, and could act as trigger; in 
particular, the streptococci express on their surface several 
antigenically distinct M proteins. This protein is essential for 
bacterial virulence, providing antiphagocytic functions criti-
cal to survival in human tissues and fluids. Specific regions 
of this protein serve as shared antigens, and cross-reactivity 
between these epitopes and human proteins may be respon-
sible of the autoimmune sequelae such as rheumatic heart 
disease [23].

The streptococci are internalized in the epithelial tonsil-
lar cells, in which they can stay for long becoming a reser-
voir of potentially disease-stimulating antigens. Two years 
after tonsillectomy, the patients still suffer from relapse of 
psoriasis; it could be related to the Streptococcal coloniza-
tion by streptococci of other tissues in the upper respiratory 
tract. Streptococci superantigens could induce skin-seeking 
T cells in lymph nodes, and these cells move in the skin 
where they might ulteriorly proliferate. Some patients suf-
fer from frequent psoriasis relapse when affected by ton-
sillitis, so the antigen priming of T cells may occur in the 
skin-draining lymph nodes and/or in the tonsils. This can be 
confirmed by the presence of the same clonal T cell receptor 

rearrangements both in lesioned skin and tonsil of the same 
patient. A streptococcal antigen or a skin specific antigen 
with or without homology to a streptococcal antigen might 
be responsible for activation of these potentially pathoge-
netic T cells in the skin [24]. Streptococcus pyogenes might 
induce an autoimmune disease due immunological mimicry 
between molecules expressed by the bacterium and target 
tissue [25, 26]. Moreover, this association has been clinically 
confirmed by improvement of psoriatic lesions after tonsil-
lectomy or antibiotic treatment [27]. It is well recognized 
the effect of prophylactic administration of S. salivarius 
to pediatric patients and adult patients having a history of 
recurrent oral streptococcal pathology reduced the number 
of episodes of streptococcal pharyngeal infections and/or 
tonsillitis and/or dental caries and/or cystic fibrosis and pro-
biotic treatment with Streptococcus salivarius to reduce the 
incidence of pharyngo-tonsillitis caused by Streptococcus 
pyogenes [16, 28–31]. Currently, there are many therapies  
to treat psoriasis such as topical, systemic, and biologic 
agent but these treatments are not free from side effects. 
Moreover, due to the poor literature on the use of biologic 
agents in childhood psoriasis, safety data from controlled 
trials is usually only available for the most sensitive indi-
cation, for only one dose and for only one age group. This 
study shows that psoriasis can also be treated by prevent-
ing streptococcal infection without side effects and at any 
age. It is strongly recommended to support the efficacy and 
safety of probiotics in psoriasis with clinical data. A large 
number of patients cannot be treated with systemic psoriasis 
medications due to contraindications or side effects; they 
would benefit from treatment with the probiotics. This oral 
probiotic treatment will allow better management of psoria-
sis diseases to improve the quality of life of the patient. The 
patients treated with oral probiotics S. salivarius had a sig-
nificantly improvement of psoriasis from baseline and they 
did not have relapse of psoriasis during the follow-up period. 
A total of 84% patients treated achieved a 100% improve-
ment of the PASI score at 24 weeks and efficacy continued 
to improve with longer treatment, maintaining same result 
also during follow-up observation. Moreover, no adverse 
reactions and no probiotic-related infections were observed.

In conclusion, according to the current guidelines for 
adults and children affected by mild psoriasis, topical cor-
ticoids and vitamin D derivatives can be used alone or in 
combination. Depending on the form of psoriasis, one or the 
other treatment can be prescribed. If patients cannot be cured 
with these treatments due to side effects or comorbidities, 
the use other possible treatment is allowed. S. salivarius is 
an oral probiotic product, which recently becomes available 
in Italy for pediatric and adult use that antagonize the growth 
of Streptococcus pyogenes [3, 4]. Based on the results of 
this longitudinal study, it appears that oral preparations con-
taining S. salivarius may provide a beneficial option for the 

Fig. 3  The graph reports the results of DLQI and mPASI at T0, T12, 
and T24
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prevention and cure of psoriasis. Their use may be particu-
larly effective in patients who would otherwise be forced 
to undergo frequent cycles of anti-psoriatic therapy. The 
literature on probiotic for mild psoriasis is scarce, but we 
think that they have promising capacity for the management 
of this disease.

Funding Open access funding provided by Università degli Studi di 
Catania within the CRUI-CARE Agreement.

Data Availability Data will be available in anonimized form under 
direct request to the corresponding author.

Declarations 

Conflict of Interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Christophers E (2001) Psoriasis — epidemiology and clinical 
spectrum. Clin Exp Dermatol 26:314–320. https:// doi. org/ 10. 
1046/j. 1365- 2230. 2001. 00832.x

 2. Elder JT, Bruce AT, Gudjonsson JE, Johnston A, Stuart PE, 
Tejasvi T, Voorhees JJ, Abecasis GR, Nair RP (2010) Molecular 
dissection of psoriasis: integrating genetics and biology. J Invest 
Dermatol 130:1213–1226. https:// doi. org/ 10. 1038/ jid. 2009. 319

 3. Nestle FO, Conrad C, Tun-Kyi A, Homey B, Gombert M, Boyman 
O, Burg G, Liu YJ, Gilliet M (2005) Plasmacytoid predendritic 
cells initiate psoriasisough interferon-alpha production. J Exp 
Med 202:135–143. https:// doi. org/ 10. 1084/ jem. 20050 500

 4. Locksley RM, Killeen N, Lenardo MJ (2001) The TNF and TNF 
receptor superfamilies: integrating mammalian biology. Cell 
104:487–501. https:// doi. org/ 10. 1016/ s0092- 8674(01) 00237-9

 5. Boehncke WH, Schon MP (2015) Psoriasis. The Lancet 386:983–
994. https:// doi. org/ 10. 1016/ S0140- 6736(20) 32549-6

 6. Griffiths CE, Barker JN (2007) Pathogenesis and clinical features 
of psoriasis. Lancet 370:263–271. https:// doi. org/ 10. 1016/ S0140- 
6736(07) 61128-3

 7. Gelfand JM, Feldman SR, Stern RS, Thomas J, Rolstad T, Margolis 
DJ (2004) Determinants of quality of life in patients with psoriasis: 
a study from the US population. J Am Acad Dermatol 51:704–708. 
https:// doi. org/ 10. 1016/j. jaad. 2004. 04. 014

 8. Puig L, Kirby B, Mallbris L, Strohal R (2014) Psoriasis beyond 
the skin: a review of the literature on cardiometabolic and psycho-
logical co-morbidities of psoriasis. Eur J dermatol 24:305–311. 
https:// doi. org/ 10. 1684/ ejd. 2014. 2299

 9. Jiaravuthisan MM, Dasseville D, Vender RB, Murphy F, Muhn 
CY (2007) Psoriasis of the nail: anatomy, pathology, clinical pres-
entation, and a review of the literature on therapy. J Am Acad 
Dermatol 57:1–27. https:// doi. org/ 10. 1016/j. jaad. 2005. 07. 073

 10. Lawry M (2007) Biological therapy and nail psoriasis. Dermatol 
Ther 20:60–67. https:// doi. org/ 10. 1111/j. 1529- 8019. 2007. 00112.x

 11. Khandpur S, Singhal V, Sharma VK (2011) Palmoplantar involve-
ment in psoriasis: a clinical study. Indian J Dermatol Venereol 
Loprol 77:625. https:// doi. org/ 10. 4103/ 0378- 6323. 84071

 12. Ortonne JP, Chimenti S, Luger T, Puig L, Reid F, Trüeb RM 
(2009) Scalp psoriasis: European consensus on grading and treat-
ment algorithm JEADV 23:1435–1444. https:// doi. org/ 10. 1111/j. 
1468- 3083. 2009. 03372.x

 13. Talaee R, Haiheydari H, Moghaddam AY, Moraveji SA, Ravandi 
BF (2017) Prevalence of oral mucosal lesions and their associa-
tion with severity of psoriasis among psoriatic patients referred to 
dermatology clinic: a cross-sectional study in Kashan/Iran. Open 
Access Maced J Med Sci 5:978–982. https:// doi. org/ 10. 3889/ oam-
jms. 2017. 189

 14. Gregori G, Righi O, Risso P, Boiardi G, Demuru G, Ferzetti A, 
Galli A, Ghisoni M, Lenzini S, Marenghi C, Mura C, Sacchetti R, 
Suzzani L (2016) Reduction of group Abeta-hemolytic streptococ-
cus pharyngo-tonsillar infections associated with use of the oral 
probiotic Streptococcus salivarius K12: a retrospective observa-
tional study. Ther ClinRisk Manag 12:87–92. https:// doi. org/ 10. 
2147/ TCRM. S96134

 15. El-Rachkidy RG, Hales JM, Freestone PPE, Young HS, Griffiths 
EM, Camp RDR (2007) Increased blood levels of IgG reactive 
with secreted Streptococcus pyogenes proteins in chronic plaque 
psoriasis. J Invest Dermatol 127:1337–1342. https:// doi. org/ 10. 
1038/ sj. jid. 57007 44

 16. Burton JP, Chilcott CN, Tagg JR (2005) The rationale and poten-
tial for the reduction of oral malodour using Streptococcus sali-
varius probiotics. Oral Dis 11:29–31. https:// doi. org/ 10. 1111/j. 
1601- 0825. 2005. 01084.x

 17. Burton JP, Wescombe PA, Macklaim JM, Chai MH, MacDonald 
K, Hale JD, Tagg J, Reid G, Gloor GB, Cadieux PA (2013) Peri-
stence of the oral probiotic streptococcus salivarius M18 is dose 
dependent and megaplasmid transfer can augment their bacteri-
ocin production and adhesion characteristics. PLoS One 8:e65991. 
https:// doi. org/ 10. 1371/ journ al. pone. 00659 91

 18. Burton JP, Chilcott CN, Moore CJ, Speiser G, Tagg JR (2006) 
A preliminary study of the effect of probiotic Streptococcus 
salivarius K12 on oral malodour parameters. J Appl Microbiol 
100:754–764. https:// doi. org/ 10. 1111/j. 1365- 2672. 2006. 02837.x

 19. Burton JP, Philip A, Wescombe CJ, Chris JM, Chris NC, Chilcott 
JR, Tagg JR (2006) Safety assessment of the oral cavity pro-
biotic Streptococcus salivarius K12. Appl Environ Microbiol 
72:3050–3053

 20. Mease PJ (2011) Measures of psoriatic arthritis: tender and swol-
len joint assessment, Psoriasis Area and Severity Index (PASI), 
Nail Psoriasis Severity Index (NAPSI), Modified Nail Psoriasis 
Severity Index (mNAPSI), Mander/Newcastle Enthesitis Index 
(MEI), Leeds Enthesitis Index (LEI), Spondyloarthritis Research 
Consortium of Canada (SPARCC), Maastricht Ankylosing Spon-
dylitis Enthesis Score (MASES), Leeds Dactylitis Index (LDI), 
Patient Global for Psoriatic Arthritis, Dermatology Life Qual-
ity Index (DLQI), Psoriatic Arthritis Quality of Life (PsAQOL), 
Functional Assessment of Chronic Illness Therapy-Fatigue 
(FACIT-F), Psoriatic Arthritis Response Criteria (PsARC), Pso-
riatic Arthritis Joint Activity Index (PsAJAI), Disease Activity 
in Psoriatic Arthritis (DAPSA), and Composite Psoriatic Disease 
Activity Index (CPDAI). Arthritis Care Res (Hoboken) 63:S64-
85. https:// doi. org/ 10. 1002/ acr. 20577

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1046/j.1365-2230.2001.00832.x
https://doi.org/10.1046/j.1365-2230.2001.00832.x
https://doi.org/10.1038/jid.2009.319
https://doi.org/10.1084/jem.20050500
https://doi.org/10.1016/s0092-8674(01)00237-9
https://doi.org/10.1016/S0140-6736(20)32549-6
https://doi.org/10.1016/S0140-6736(07)61128-3
https://doi.org/10.1016/S0140-6736(07)61128-3
https://doi.org/10.1016/j.jaad.2004.04.014
https://doi.org/10.1684/ejd.2014.2299
https://doi.org/10.1016/j.jaad.2005.07.073
https://doi.org/10.1111/j.1529-8019.2007.00112.x
https://doi.org/10.4103/0378-6323.84071
https://doi.org/10.1111/j.1468-3083.2009.03372.x
https://doi.org/10.1111/j.1468-3083.2009.03372.x
https://doi.org/10.3889/oamjms.2017.189
https://doi.org/10.3889/oamjms.2017.189
https://doi.org/10.2147/TCRM.S96134
https://doi.org/10.2147/TCRM.S96134
https://doi.org/10.1038/sj.jid.5700744
https://doi.org/10.1038/sj.jid.5700744
https://doi.org/10.1111/j.1601-0825.2005.01084.x
https://doi.org/10.1111/j.1601-0825.2005.01084.x
https://doi.org/10.1371/journal.pone.0065991
https://doi.org/10.1111/j.1365-2672.2006.02837.x
https://doi.org/10.1002/acr.20577


578 Probiotics and Antimicrobial Proteins (2022) 14:573–578

1 3

 21. Zangrilli A, Bavetta M, Bianchi L (2020) Adalimumab in children and 
adolescents with severe plaque psoriasis: a safety evaluation. Expert Opin 
Drug Saf 19:433–438. https:// doi. org/ 10. 1080/ 14740 338. 2020. 17526 59

 22. Metzgar D, Zampolli A (2011) The M protein of group A Strep-
tococcus is a key virulence factor and a clinically relevant strain 
identification marker. Virulence 2(5):402–412. https:// doi. org/ 10. 
4161/ viru.2. 5. 16342

 23. Diluvio L, Vollmer S, Besgen P, Ellwart JW, Chimenti S, Prinz JC 
(2006) Identical TCR beta-chain rearrangements in streptococcal 
angina and skin lesions of patients with psoriasis vulgaris. J Immu-
nol 176:7104–7111. https:// doi. org/ 10. 4049/ jimmu nol. 176. 11. 7104

 24. Prinz JC (2004) Disease mimicry-a pathogenetic concept for T 
cell-mediated autoimmune disorders triggered by molecular mim-
icry? Autoimmun Rev 3:10–15. https:// doi. org/ 10. 1016/ S1568- 
9972(03) 00059-4

 25. Fry L, Baker BS (2007) Triggering psoriasis: the role of infections 
and medications. Clin Dermatol 25:606–615. https:// doi. org/ 10. 
1016/j. clind ermat ol. 2007. 08. 015

 26. Cunningham MW (2000) Pathogenesis of group A streptococcal 
infections. Clin Microbiol Rev 13:470–511. https:// doi. org/ 10. 
1128/ CMR. 13.3. 470

 27. Bisno AL, Brito MO, Collins CM (2003) Molecular basis of group 
A streptococcal virulence. Lancet Infect Dis 3:191–200. https:// 
doi. org/ 10. 1016/ s1473- 3099(03) 00576-0

 28. Owen P (2002) Prophylaxis for early onset group B streptococcal 
sepsis is not so effective in practice. BMJ 325:1037

 29. Di Pierro F, Adami T, Rapacioli G, Giardini N, Streitberger C 
(2013) Clinical evaluation of the oral probiotic Streptococcus 
salivarius K12 in the prevention of recurrent pharyngitis and/
or tonsillitis caused by Streptococcus pyogenes in adults. Expert 
Opin Biol Ther 13:339–343. https:// doi. org/ 10. 1517/ 14712 598. 
2013. 758711

 30. Di Pierro F, Donato G, Fomia F, Adami T, Careddu D, Cassandro 
C, Albera R (2012) Preliminary pediatric clinical evaluation of the 
oral probiotic Streptococcus salivarius K12 in preventing recur-
rent pharyngitis and/or tonsillitis caused by Streptococcus pyo-
genes and recurrent acute otitis media. Int J Gen Med 5:991–997. 
https:// doi. org/ 10. 2147/ IJGM. S38859

 31. Tarantino V, Savaia V, D’Agostino R, Silvestri M, Passali FM, Di 
Girolamo S, Ciprandi G (2019) Bacteriotherapy in children with 
recurrent upper respiratory tract infections. Eur Rev Med Pharma-
col Sci 23:39–43. https:// doi. org/ 10. 26355/ eurrev_ 201903_ 17347

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

https://doi.org/10.1080/14740338.2020.1752659
https://doi.org/10.4161/viru.2.5.16342
https://doi.org/10.4161/viru.2.5.16342
https://doi.org/10.4049/jimmunol.176.11.7104
https://doi.org/10.1016/S1568-9972(03)00059-4
https://doi.org/10.1016/S1568-9972(03)00059-4
https://doi.org/10.1016/j.clindermatol.2007.08.015
https://doi.org/10.1016/j.clindermatol.2007.08.015
https://doi.org/10.1128/CMR.13.3.470
https://doi.org/10.1128/CMR.13.3.470
https://doi.org/10.1016/s1473-3099(03)00576-0
https://doi.org/10.1016/s1473-3099(03)00576-0
https://doi.org/10.1517/14712598.2013.758711
https://doi.org/10.1517/14712598.2013.758711
https://doi.org/10.2147/IJGM.S38859
https://doi.org/10.26355/eurrev_201903_17347

	Improvement of Psoriasis Using Oral Probiotic Streptococcus salivarius K-12: a Case–Control 24-Month Longitudinal Study
	Abstract
	Introduction
	Materials and Methods
	Statistical Analysis

	Results
	Discussion
	References


