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Abstract. – COVID-19 pandemic has under-
lined that unknown viral infections, which jump 
from animals to humans, can be extremely dan-
gerous. In case of new viruses as SARS-CoV2, 
available drugs can fail to contrast the virus ag-
gressiveness leading patients to death. Long 
time is necessary to create a vaccine, but imme-
diate solutions are necessary to stop the mor-
tality COVID-19 related. We have learned that the 
immune-system is the key to reduce the severity 
of COVID-19 and, through its modulation, it has 
been possible saving people’s life. In this short 
communication, we discuss the use of nutra-
ceuticals to modulate and stimulate the immune 
answer for reducing the severity of COVID-19 
symptoms. The nutraceuticals are safe and can 
be administered to all ages. In addition, com-
bination of natural anti-viral elements and im-
mune-stimulating molecules already success-
fully tested against others upper-respiratory 
tract infections-could be efficient against SARS-
CoV2. We believe that these natural molecules 
could really be a valid ally against COVID-19, es-
pecially in this moment in which a SARS-CoV2 
vaccine is still not available.
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Introduction

Several clinical trials have shown that nutra-
ceutical compounds can modulate and stimulate 
the immune-answer in patients affected by can-
cer1, those who have acquired immune-deficien-
cy2, as well as in people who (despite their good 
health) could be at risk of viral infection3,4. 

The immune-answer can be stimulated by 
using a single molecule5 or a combination of ele-

ments, such as vitamin D, Sambucus Nigra, and 
tyndallized lactobacillus4. The majority of these 
natural compounds strengthen the immune sy-
stem, improving the activity of macrophages6 and 
leucocytes7, modulating the production of inflam-
matory cytokines8 and reducing the byproducts of 
reactive oxygen species (ROS)9. 

Recently, we have shown4,10 the benefit of using 
an oral supplement including tyndallized lac-
tocillus to reduce the severity of upper airways 
infection (UAI). Probiotics are beneficial for tre-
ating UAI11 because by improving the health of 
gut microbiota12 allow the correct absorption of 
elements in the intestinal tract13, a fundamental 
step for maintaining an efficient immune system3.

It has been suggested14 that nutraceuticals can 
stimulate the immune system of patients with 
COVID-19 because they increase the efficiency of 
the immune system and reduce virus virulence15,16 
by limiting its replication17. 

Based on our previous positive experiences 
with natural compounds for treating viral in-
fection of UAI4,10, we think that oral supplemen-
tation, which improves the systemic and local im-
mune answer, could be a valid tool for improving 
resistance to COVID-19 infection15,18-20. 

Furthermore, as shown in previous studies4,10 

some specific compounds might reduce the ag-
gressiveness of SARS-CoV-2 virus as they do 
with other viruses responsible for UAI. 

Immuno-Stimulating Molecules
Natural elements known as oral supplements 

(including complex multivitamins, multi-element 
boosters and probiotics) have shown a strong abi-
lity to improve the immune answer in patients 
suffering from cancer21 and people with acqui-
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red immunodeficiency22. Furthermore, vitamin 
D was able to modulate the immune system of 
patients with multiple sclerosis by reducing the 
severity and recurrence of a relapse23. 

Recent clinical trials have shown4,24 that by 
using a combination of these elements, it is possi-
ble to reduce the severity and recurrence of viral 
infection in the upper respiratory tract (URT). A 
combination of these molecules not only permi-
ts the modulation and stimulation of the natural 
immune answer, but also, thanks to the anti-viral 
capacity of some of these elements, reduces viral 
aggressiveness4,24. 

Although several natural elements might ef-
fectively stimulate and modulate the immune sy-
stem, some of these molecules present anti-viral 
capacity, which seems more appropriate for fi-
ghting COVID-19. 

We will specifically describe plant extract, vi-
tamins, trace elements and probiotics, whose pro-
prieties and efficacy have been widely confirmed 
in literature. 

Sambucus nigra (SN) is a plant extract already 
approved by FDA25, which has shown strong abi-
lities to inhibit viral replication of chicken corona-
virus at the initial stage17. Several clinical trials26 
have shown that SN can be a valid alternative and 
more appropriate than antibiotic therapy to fight 
viral and recurrent UAI. SN, as well as inhibi-
ting viral replication17 increases the production of 
pro-inflammatory cytokines (IL-1 beta, TNF-al-
pha, IL-6, IL-8), in particular TNF-a27,28. The lat-
ter plays a pivotal role in the regulation of inflam-
matory cytokine production29 and improves the 
macrophage answer to viral infection, by explai-
ning the reason why the administration of SN im-
proves the immune answer against different viral 
infections30. SN could be useful in COVID-19 for 
its dual capacity of stimulating the immune sy-
stem and inhibiting viral replication.

Vitamins are a strong ally of the immune sy-
stem but only some of them have been confirmed 
as really able to improve, modulate and stimulate 
an efficient immune answer in humans.

Vitamin C is well known for fighting viral in-
fection; it modulates and improves the natural 
immune answer during acute respiratory distress 
syndrome31 thanks to the reduction of circulating 
ROS9, a waste element which at excessive levels 
reduces the efficiency of the immune system. This 
vitamin regulates cytokine production, inducing 
adequate but not excessive immune answer to the 
viral infection31; specifically, it improves chemo-
taxis, stimulates proliferation of leukocytes and 

increases neutrophil phagocytic activity. Further-
more, Ascorbic acid increases production of α/β 
interferons and downregulates the synthesis of 
pro-inflammatory cytokines9. Based on the qua-
lities of vitamin C, some clinical trials have been 
conducted to test its efficacy on COVID-1932.

Vitamin D has shown the same ability as vi-
tamin C to stimulate and modulate the immune 
answer. It also promotes differentiation of mo-
nocytes/macrophages in their active form, and at 
the same time, increases the chemotactic and pha-
gocytic capacity of these cells6. In addition, cho-
lecalciferol modulates T-cell function33, promotes 
the production of anti-inflammatory IL-10 and 
decreases the production of pro-inflammatory IL-
1β, IL-6, TNFα, RANKL, COX-2, and nitric oxi-
de34. Cholecalciferol protects the upper and lower 
respiratory tract from viral infection thanks to the 
amelioration of local immune-answer35,36; it has 
been shown that vitamin D deficit exposes people 
to high risk of developing viral airway infection37. 
Based on the recent evidence38 on cholecalciferol 
effects, it has been suggested that oral supplemen-
tation with this vitamin might not only reduce the 
risk of COVID-19 infection, but also reduce the 
mortality risk in patients affected by Sars-Cov-2.

Interesting studies5,39 have verified the efficacy 
of trace elements as supporters of immune fun-
ction; two elements in particular, zinc and sele-
nium, have been identified as valid tools for fi-
ghting viral and bacterial infection. 

Zinc improves the capacity of macrophages 
phagocytosis, of antigen presentation and of si-
gnal transmission between these cells and others 
in the immune-system. In addition, this element 
reduces the secretion on IL-6 and TNF-a (pro-in-
flammatory cytokines)8 which further contributes 
to improve the immune-answer40. The immune 
stimulating and immunomodulating proprieties 
of zinc have been confirmed through clinical trial 
on patients affected by UAI and treated with oral 
supplements containing this element. These pa-
tients recovered quickly and did not develop any 
severe form of infection5. It has been hypothesi-
zed that, based on previous studies, supplemen-
tation with zinc could also be useful against CO-
VID-19 infection41.

Selenium is a potent immune-stimulant able 
to improve T-cell proliferation, NK cell activity 
and several innate immune cell functions42. Rese-
archers have demonstrated that selenium imple-
mentation empowers the natural immune-answer 
to flu vaccine43 and could modulate the inflam-
matory response in patients suffering from respi-
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ratory distress syndrome by moderating the in-
flammatory responses through interleukin (IL)-1 
b and IL-6 levels44. 

Another confirmed method for stimulating 
and modulating the immune system is the use 
of probiotics, live microorganisms which live in 
our gut (intestinal flora) and contribute to preser-
ving health45. New-generation probiotic products, 
including heat-killed (tyndallized) strains, key 
components, or compounds with similar effects 
to living probiotic cells are being developed and 
are already commercialized.

Lactobacillus is one of the most widely-used 
probiotics, because it has shown excellent capaci-
ty to enhance the immune response, especially in 
the case of infection of URT46. Clinical trials have 
shown that the use of Lactobacillus reduces the se-
verity of disease and shortens the convalescent pe-
riod in patients affected by URT infection46. This 
probiotic regulates T-cell activation by preventing 
an excessive immune-answer against the virus47.

Probiotics in general reduce ROS production 
and induce an early release of proinflammatory 
cytokines, such as IL-8, TNF-α, IL-12p70, of IL-6 
and IL-1β but decrease their circulating levels. In 
addition, they increase phagocytosis and bacteri-
cidal activity of macrophages against various pa-
thogens, such as S. aureus, S. typhimurium, and 
E. coli. Literature shows that probiotics modulate 
the activity of macrophages at the beginning of 
the infection determining an early immune-sti-
mulating effect48.

The heat-killed (tyndallized) strains are cha-
racterized by different bacterial components and 
include lipoteichoic acids, peptidoglycans, and/
or exopolysaccharides49. The presence of key 
structures in the cell or supernatant fractions 
confers probiotic properties, mainly through 
immune-modulation, protection against patho-
gens, and fortification of the mucosal barrier 
integrity13,49. Pre-treatment with heat-killed En-
terococcus faecalis significantly reduces the 
neuropathogenicity induced by another RNA 
virus, enterovirus 71, demonstrating a reduction 
in the severity of viral disease and showing that 
the MCP-1 pathway could act as a key media-
tor in the best antiviral immune response17. The 
daily intake of heat-killed Lactobacillus planta-
rum L-137 (HK L-137) can improve inflamma-
tion and lipid metabolism in subjects at risk of 
inflammation50. Tyndallized Lactobacillus aci-
dophilus HA122 has been used in combination 
with other ingredients and is effective in redu-
cing inflammation of the URT and in improving 
the outcome of otitis media with effusion (OME) 
in children4.

Considering the positive characteristics of 
probiotics, the promising studies on tyndallized 
bacteria and the fact that current diet, stress and 
aging contribute to a reduction in the normal gut 
flora with increased risk of infection, the use of 
probiotics could potentially be considered as 
adjuvant treatment to support the immune answer 
against COVID-19.

Figure 1. The image summa-
rizes how the different mole-
cules modulate cytokines, 
white cells and how they in-
teract to stop viral replication 
and fight Sars-CoV2 infection.
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Conclusions

The concept of training the cells of the immu-
ne system is innovative and interesting51 and we 
think that oral supplements, thanks to their ability 
to stimulate and modulate these cells, might help 
the immune system to produce an appropriate 
adaptive answer5-7,27,28,39,47 (Figure 1).

Since most natural elements act directly on 
immune cells, combining them could provoke a 
more consistent stimulation4. These natural mo-
lecules have no collateral effects and can be used 
for a long time without suspension4.

The efficacy of oral immune boost has been 
largely confirmed by clinical trials, and, as di-
scussed above, has also been shown to be effecti-
ve at cellular levels 

We think that immune stimulant therapy may 
support the immune system in the case of CO-
VID-19 due to its ability to stimulate the local 
and systemic immune system, particularly in ca-
ses where a URI is present. 

Conflict of Interest
The Authors declare that they have no conflict of interests.

Funding Disclosure
This research was not supported by public or private funds

References

  1)	 Harvie M. Nutritional supplements and cancer: 
potential benefits and proven harms. Am Soc Clin 
Oncol Educ Book 2014; e478-486. 

  2)	 D’Angelo C, Reale M, Costantini E. Microbiota and 
probiotics in health and HIV infection. Nutrients 
2017; 9. pii: E615. 

  3)	 Miller LE, Lehtoranta L, Lehtinen MJ. Short-term 
probiotic supplementation enhances cellular im-
mune function in healthy elderly: systematic re-
view and meta-analysis of controlled studies. Nu-
tr Res 2019; 64: 1-8. 

  4)	 Della Volpe A, Ricci G, Ralli M, Gambacorta V, De 
Lucia A, Minni A, Pirozzi C, Paccone M, Pastore V, 
Di Stadio A. The effects of oral supplements with 
Sambucus nigra, Zinc, Tyndallized Lactobacillus 
acidophilus (HA122), Arabinogalactans, vitamin 
D, vitamin E and vitamin C in otitis media with 
effusion in children: a randomized controlled tri-
al. Eur Rev Med Pharmacol Sci 2019; 23: 6360-
6370. 

  5)	 Bonaventura P, Benedetti G, Albarède F, Miossec P. 
Zinc and its role in immunity and inflammation. 
Autoimmun Rev 2015; 14: 277-285. 

  6)	 Fabbri A, Infante M, Ricordi C. Editorial - Vitamin 
D status: a key modulator of innate immunity and 
natural defense from acute viral respiratory in-
fections. Eur Rev Med Pharmacol Sci 2020; 24: 
4048-4052.

  7)	 Pohanka M, Pejchal J, Snopkova S, Havlickova K, 
Karasova JZ, Bostik P, Pikula J. Ascorbic acid: an 
old player with a broad impact on body physiolo-
gy including oxidative stress suppression and im-
munomodulation: a review. Mini Rev Med Chem 
2020; 12: 35-43. 

  8)	 Gao H, Dai W, Zhao L, Min J, Wang F. The role of 
zinc and zinc homeostasis in macrophage func-
tion. J Immunol Res 2018; 2018: 6872621. 

  9)	 Boretti A, Banik BK. Intravenous vitamin C for re-
duction of cytokines storm in acute respiratory 
distress syndrome. Pharma Nutrition 2020; 12: 
100190. 

10)	 Di Stadio A, Della Volpe A, Korsch FM, De Lucia A, 
Ralli M, Martines F, Ricci G. Difensil immuno reduc-
es recurrence and severity of tonsillitis in children: 
a randomized controlled trial. Nutrients 2020; 12: 
E1637. 

11)	 Martens K, Pugin B, De Boeck I, Spacova I, Steelant B, 
Seys SF, Lebeer S, Hellings PW. Probiotics for the air-
ways: potential to improve epithelial and immune 
homeostasis. Allergy 2018; 73: 1954-1963. 

12)	 Marchesi JR, Adams DH, Fava F, Hermes GD, 
Hirschfield GM, Hold G, Quraishi MN, Kinross J, 
Smidt H, Tuohy KM, Thomas LV, Zoetendal EG, Hart 
A. The gut microbiota and host health: a new clin-
ical frontier. Gut 2016; 65: 330-339. 

13)	 Jäger R, Zaragoza J, Purpura M, Iametti S, Maren-
go M, Tinsley GM, Anzalone AJ, Oliver JM, Fiore 
W, Biffi A, Urbina S, Taylor L. Probiotic administra-
tion increases amino acid absorption from plant 
protein: a placebo-controlled, randomized, dou-
ble-blind, multicenter, crossover study. Probiotics 
Antimicrob Proteins 2020; doi: 10.1007/s12602-
020-09656-5. 

14)	 Jayawardena R, Sooriyaarachchi P, Chourdakis M, 
Jeewandara C, Ranasinghe P. Enhancing immuni-
ty in viral infections, with special emphasis on 
COVID-19: a review. Diabetes Metab Syndr 2020; 
14: 367-382. 

15)	 Mousavizadeh L, Ghasemi S. Genotype and phe-
notype of COVID-19: their roles in pathogene-
sis. J Microbiol Immunol Infect 2020. pii: S1684-
1182(20)30082-7. 

16)	 Rothan HA, Byrareddy SN. The epidemiology and 
pathogenesis of coronavirus disease (COVID-19) 
outbreak. J Autoimmun 2020; 109: 102433. 

17)	 Chen C, Zuckerman DM, Brantley S, Sharpe M, Chil-
dress K, Hoiczyk E, Pendleton AR. Sambucus nig-
ra extracts inhibit infectious bronchitis virus at an 
early point during replication. BMC Vet Res 2014; 
10: 24. 

18)	 Tetro JA. Is COVID-19 receiving ADE from other 
coronaviruses? Microbes Infect 2020; 22: 72-73. 

19)	 Ralli M, Di Stadio A, Greco A, de Vincentiis M, Poli-
meni A. Defining the burden of olfactory dysfunc-



A. Di Stadio, R. Ishai, V. Gambacorta, F. Korsch, G. Ricci, A. della Volpe, E. Bernitsas

9186

tion in COVID-19 patients Eur Rev Med Pharma-
col Sci 2020; 24: 3440-3441.

20)	 Di Stadio A, Ricci G, Greco A, de Vincentiis M, Ral-
li M. Mortality rate and gender differences in 
COVID-19 patients dying in Italy: A comparison 
with other countries. Eur Rev Med Pharmacol Sci 
2020; 24: 4066-4067. 

21)	 Serna-Thomé G, Castro-Eguiluz D, Fuchs-Tarlovsky 
V, Sánchez-López M, Delgado-Olivares L, Coro-
nel-Martínez J, Molina-Trinidad EM, de la Torre M, 
Cetina-Pérez L. Use of functional foods and oral 
supplements as adjuvants in cancer treatment. 
Rev Invest Clin 2018; 70: 136-146. 

22)	 Ceccarelli G, Statzu M, Santinelli L, Pinacchio C, Bi-
tossi C, Cavallari EN, Vullo V, Scagnolari C, d’Et-
torre G. Challenges in the management of HIV 
infection: update on the role of probiotic supple-
mentation as a possible complementary thera-
peutic strategy for cART treated people living with 
HIV/AIDS. Expert Opin Biol Ther 2019; 19: 949-
965. 

23)	 Pierrot-Deseilligny C, Souberbielle JC. Vitamin D and 
multiple sclerosis: an update. Mult Scler Relat 
Disord 2017; 14: 35-45. 

24)	 Gombart AF, Pierre A, Maggini S. A review of mi-
cronutrients and the immune system-working in 
harmony to reduce the risk of infection. Nutrients 
2020; 12. pii: E236.

25)	 Porter RS, Bode RF. A review of the antiviral prop-
erties of black elder (Sambucus nigra L.) prod-
ucts. Phytother Res 2017; 31: 533-554.

26)	 Hawkins J, Baker C, Cherry L, Dunne E. Black elder-
berry (Sambucus nigra) supplementation effec-
tively treats upper respiratory symptoms: a me-
ta-analysis of randomized, controlled clinical tri-
als. Complement Ther Med 2019; 42: 361-365. 

27)	 Barak V, Halperin T, Kalickman I. The effect of Sam-
bucol, a black elderberry-based, natural product, 
on the production of human cytokines: I. Inflam-
matory cytokines. Eur Cytokine Netw 2001; 12: 
290-296.

28)	 Ulbricht C, Basch E, Cheung L, Goldberg H, Ham-
merness P, Isaac R, Khalsa KP, Romm A, Rychlik I, Var-
ghese M, Weissner W, Windsor RC, Wortley J. An 
evidence-based systematic review of elderberry 
and elderflower (Sambucus nigra) by the Natu-
ral Standard Research Collaboration. J Diet Sup-
pl 2014; 11: 80-120. 

29)	 Parameswaran N, Patial S. Tumor necrosis fac-
tor-α signaling in macrophages. Crit Rev Eu-
karyot Gene Expr 2020; 20: 87-103.

30)	 Akram M, Tahir IM, Shah SMA, Mahmood Z, Altaf A, 
Ahmad K, Munir N, Daniyal M, Nasir S, Mehboob H. 
Antiviral potential of medicinal plants against HIV, 
HSV, influenza, hepatitis, and coxsackievirus: a 
systematic review. Phytother Res 2018; 32: 811-
822. 

31)	 Pohanka H, J Pejchal, S Snopkova, K Havlickova, J 
Z Karasova, P Hemilä. Vitamin C and SARS coro-
navirus. J Antimicrob Chemother 2003; 52: 1049-
1050. 

32)	 Carr AC. A new clinical trial to test high-dose vita-
min C in patients with COVID-19. Crit Care 2020; 
24: 133.

33)	 Smolders J, Damoiseaux J. Vitamin D as a T-cell 
modulator in multiple sclerosis. Vitam Horm. 
2011; 86: 401‐428. 

34)	 Bartosik-Psujek H, Psujek M. Vitamin D as an im-
mune modulator in multiple sclerosis. Neurol 
Neurochir Pol 2019; 53: 113‐122. 

35)	 Martineau AR, Jolliffe DA, Hooper RL, Greenberg 
L, Aloia JF, Bergman P, Dubnov-Raz G, Esposito S, 
Ganmaa D, Ginde AA, Goodall EC, Grant CC, Grif-
fiths CJ, Janssens W, Laaksi I, Manaseki-Holland S, 
Mauger D, Murdoch DR, Neale R, Rees JR, Simpson S 
Jr, Stelmach I, Kumar GT, Urashima M, Camargo CA 
Jr. Vitamin D supplementation to prevent acute 
respiratory tract infections: systematic review and 
meta-analysis of individual participant data. BMJ 
2017; 356: i6583. 

36)	 Gruber-Bzura BM. Vitamin D and influenza-pre-
vention or therapy? Int J Mol Sci 2018; 19: 2419. 

37)	 Cannell JJ, Vieth r, Umhau Jc, Holick MF, GranT 
WB, Madronic HS, Garland CF, Giovannucci E. Ep-
idemic influenza and vitamin D. Epidemiol Infect 
2006; 134: 1129-1140.

38)	 Grant WB, Lahore H, McDonnell SL, Baggerly CA, 
French CB, Aliano JL, Bhattoa HP. Evidence that 
Vitamin D supplementation could reduce risk of 
influenza and COVID-19 infections and deaths. 
Nutrients 2020; 12: E988. 

39)	 Steinbrenner H, Al-Quraishy S, Dkhil MA, Wunder-
lich F, Sies H. Dietary selenium in adjuvant thera-
py of viral and bacterial infections. Adv Nutr 2015; 
6: 73-82. 

40)	 Maywald M, Wessels I, Rink L. Zinc signals and im-
munity. Int J Mol Sci 2017; 24; 18:2222. 

41)	 Skalny AV, Rink L, Ajsuvakova OP, Aschner M, Grit-
senko VA, Alekseenko SI, Svistunov AA, Petrakis D, 
Spandidos DA, Aaseth J, Tsatsakis A, Tinkov AA. 
(2020) Zinc and respiratory tract infections: per-
spectives for COVID‑19 (Review). Int J Mol Med 
2020; 46: 17-26. 

42)	 Avery JC, Hoffmann PR. Selenium, selenoproteins, 
and immunity. Nutrients 2018; 10. pii: E1203.

43)	 Ivory, K, Prieto, E, Spinks C, Armah C.N, Goldson AJ, 
Dainty JR, Nicoletti C. Selenium supplementation 
has beneficial and detrimental effects on immuni-
ty to influenza vaccine in older adults. Clin. Nutr 
2017; 36: 407-415.

44)	 Mahmoodpoor A,Hamishehkar H, Shadvar K, Osta-
di Z, Sanaie S, Saghaleini SH, Nader ND. The ef-
fect of intravenous selenium on oxidative stress 
in critically ill patients with acute respirato-
ry distress syndrome. Immunol Investig 2018; 
1-13.

45)	 Kwak JY, Lamousé-Smith ESN. Can probiotics en-
hance vaccine-specific immunity in children and 
adults? Benef Microbes 2017; 8: 657-670. 

46)	 Chong HX, Yusoff NAA, Hor YY, Lew LC, Jaafar 
MH, Choi SB, Yusoff MSB, Wahid N, Abdullah MFIL, 



Nutraceuticals as immune-stimulating therapy to fight COVID-19

9187

Zakaria N, Ong KL, Park YH, Liong MT. Lactobacil-
lus plantarum DR7 improved upper respiratory 
tract infections via enhancing immune and inflam-
matory parameters: a randomized, double-blind, 
placebo-controlled study. J Dairy Sci 2019; 102: 
4783-4797. 

47)	 Fonollá J, Gracián C, Maldonado-Lobón JA, 
Romero C, Bédmar A, Carrillo JC, Martín-Cas-
tro C, Cabrera AL, García-Curiel JM, Rodríguez C, 
Sanbonmatsu S, Pérez-Ruiz M, Navarro JM, Oliva-
res M. Effects of Lactobacillus coryniformis K8 
CECT5711 on the immune response to influen-
za vaccination and the assessment of common 
respiratory symptoms in elderly subjects: a ran-
domized controlled trial. Eur J Nutr 2019; 58: 
83-90. 

48)	 Rocha-Ramírez LM, Pérez-Solano RA, Castañón-Alon-
so SL, Moreno Guerrero SS, Ramírez Pacheco A, 
García Garibay M, Eslava C. Probiotic lactobacillus 

strains stimulate the inflammatory response and 
activate human macrophages. J Immunol Res 
2017; 2017: 4607491. 

49)	 Piqué N, Berlanga M, Miñana-Galbis D. health 
benefits of heat-killed (tyndallized) probiotics: an 
overview. Int J Mol Sci 2019; 20: 2534. 

50)	 Tanaka Y, Hirose Y, Yamamoto Y, Yoshikai Y, Murosa-
ki S. Daily intake of heat-killed Lactobacillus plan-
tarum L-137 improves inflammation and lipid me-
tabolism in overweight healthy adults: a random-
ized-controlled trial. Eur J Nutr 2019; doi: 10.1007/
s00394-019-02112-3. Online ahead of print.

51)	 Netea MG, Domínguez-Andrés J, Barreiro LB, Cha-
vakis T, Divangahi M, Fuchs E, Joosten LAB, van der 
Meer JWM, Mhlanga MM, Mulder WJM, Riksen NP, 
Schlitzer A, Schultze JL, Stabell Benn C, Sun JC, 
Xavier RJ, Latz E. Defining trained immunity and 
its role in health and disease. Nat Rev Immunol 
2020. doi: 10.1038/s41577-020-0285-6.


