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A B S T R A C T

Brief overview: Current evidence suggests that Echinacea supplementation may decrease the duration and
severity of acute respiratory tract infections; however, no studies using Echinacea in the prevention or
treatment of conditions similar to COVID-19 have been identified. Few adverse events were reported,
suggesting that this herbal therapy is reasonably safe. Because Echinacea can increase immune function,
there is a concern that it could worsen over-activation of the immune system in cytokine storm; however,
clinical trials show that Echinacea decreases levels of immune molecules involved in cytokine storm.
Verdict: Echinacea supplementation may assist with the symptoms of acute respiratory infections (ARI)
and the common cold, particularly when administered at the first sign of infection; however, no studies
using Echinacea in the prevention or treatment of conditions similar to COVID-19 have been identified.
Previous studies have reported that Echinacea may decrease the severity and/or duration of ARI when
taken at the onset of symptoms. The studies reporting benefit used E. purpurea or a combination of E.
purpurea and E. angustifolia containing standardized amounts of active constituents.
Few adverse events from the use of Echinacea were reported, suggesting that this herbal therapy is
reasonably safe. No human trials could be located reporting evidence of cytokine storm when Echinacea
was used for up to 4 months.
When assessing all human trials which reported changes in cytokine levels in response to Echinacea
supplementation, the results were largely consistent with a decrease in the pro-inflammatory cytokines
that play a role in the progression of cytokine storm and Acute Respiratory Distress Syndrome (ARDS),
factors that play a significant role in the death of COVID-19 patients. While there is currently no research
on the therapeutic effects of Echinacea in the management of cytokine storm, this evidence suggests that
further research is warranted.

© 2020 Elsevier Ltd. All rights reserved.
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1. Background

Echinacea species are native to North America and have been
used by indigenous peoples for a range of illnesses. As an herbal
medicine, Echinacea has been the subject of significant research
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over the past century, particularly with respect to its role in the
treatment and prevention of respiratory illnesses. It is one of the
most popular natural health products purchased worldwide, with
the majority of commercially available products containing E.
purpurea and/or E. angustifolia [1]. Many naturopathic doctors
recommend Echinacea supplements for immune support. A wide
range of reports have described its immuno-modulatory proper-
ties including macrophage activation and effects on cytokine
expression. Because significant effects on cytokine levels have
been observed in response to Echinacea use, there is a theoretical
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Table 1
Summary of studies examining the effect of Echinacea spp. on respiratory tract infections in humans.

Author Country,
WHO
Region

Sponsorship
source/association

Design (eg
Cohort,
cross-
sectional)

Statistical
method (s)

Study
Population /
Disease or
Condition

Echinacea
spp, part of
plant

Form of
supplement
(juice,
tincture,
capsule)

Extraction
Strength and
Standardization

Dose Duration of
Treatment

Inclusion
criteria

Exclusion criteria Control or
Placebo

Number
Subjects, N
in
intervention
and placebo

Measure of Outcome Outcome

Grimm W
et al.
(1999)

Germany,
European
Region

Madaus AG,
Cologne/ Philipps-
University of
Marburg, Germany

DBPC RCT * A priori
measures *
Fisher's exact
test for b/line
categorical
variable &
incidence of AEs
* Mann-
Whitney U test
for continuous
demographic
variables,
infection
incidence/
severity/
duration *
Nonparametric
Mann-Whitney
U to estimate
CIs for infection
no./duration
(normal
distribution
assumed) *
Hochberg
procedure
adjusted for
multiple testing

Patients from a
large general
practice

Echinacea
purpurea,
whole
flowering
plant (no
roots)

Freshly
expressed
juice 22 %
alcohol
identical to
the
commercially
available
Echinacin-
Liquidum

Not provided 4 mL 2x/day 8 weeks 1. More than 3
respiratory
airway
infections or
common colds
in the preceding
year 2. At least
12 years old 3.
Gave written
informed
consent for
study
participation

1. Acute infections of
any kind within 1
week of recruitment 2.
Pregnancy or nursing
3. Use of
immunostimulating
drugs in preceding 4
weeks 4. Known
allergy against
coneflowers 5. Severe
underlying disease or
immunosuppression
6. Inability to give
informed consent 7.
Unreliability for
follow-up as judged
by the investigator

Placebo (alcohol/
water solution
with artificial
colour)

108,
Echin = 54
Placebo = 54

# participants with
one infection
Mean no. of
infections/patient
Infection severity
Desire to continue
supplement

No difference
No difference
No significant
difference
No difference

Duration of
infection

No significant
difference

Adverse events No significant
difference

Melchart D
et al.
(1998)

Germany,
European
Region

The Center for
Complem-entary
Medicine
Research; Bavarian
Parliament;
Plantapharmazie,
Gottingen,
Germany;
Medizinische
Klinik, Technische
Universitat,
Biometrisches
Zentrum fur
Therapiestudien

DBPC RCT
three-
armed
study

* SAS and SPSS
for as
randomized, ITT
& PP
populations *
Log rank test
(for ITT) for
main outcome
measure * All
other data;
Kruskal-Wallis
and x2 tests for
exploratory
inference
statistics

4 military
institutions & 1
industrial plant.

Echinacea
purpurea
roots OR
Echinacea
angustifolia
roots

Extract in 30 %
alcohol

1:11 2.5 mL 2x/
day

12 weeks
from Monday
to Friday

1. 18�65 years
2. Free of acute
illness at the
time of
enrollment 3.
written
informed
consent for
study
participation

1. Acute respiratory
tract infection or other
infections within the
last 7 days 2. Serious
progressive disease
such as tuberculosis,
multiple sclerosis, or
acquired
immunodeficiency
syndrome 3. Systemic
intake of
corticosteroids,
antibiotics, or
immunostimulants in
the previous 2 weeks
4. Allergy to the
Compositae family 5.
Pregnancy

Placebo coloured
ethanolic solution

302, E august
= 103 (3 drop
outs) E purp
= 103 (4 drop
outs)
Placebo = 96
(6 drop outs)

Time until first URTI
(time to event)

No difference

Number of
participants with at
least 1 infection

No significant
difference

Patient assessment Treatment groups
believed they had more
benefit from treatment
than placebo (P = 0.04)

Adverse events No difference in
frequency of AE
reporting

Hall H et al.
(2007)

USA,
Region of
the
Americas

Sponsorship or
funding source not
stated, a
supplement
manufacturer
provided the
active intervention
free of charge
(with no input to
the study and no
expectations or
agreements)

DBPC RCT
parallel
group
design

ANOVA
performed on
test data &
salivary tests.
Post hoc (Least
Sig. Diff: LSD)
used for
significant main
effects.
Interactions
subjected to
simple main
effects analysis,
followed by
post hoc (LSD)
analysis.
Independent
samples t -test
used for URTI
incidence &
duration SPSSX
used for all
analyses.

Non-smoking,
active adults
19�46 years
subjected to
strenuous
exercise testing

Echinacea
purpurea

Capsule
containing
pressed juice

1.7�2.5:1 8 capsules/
day (2 with
each meal
and
bedtime);
each 800 g
juice

28 days 1. Successful
assessment of a
medical history,
present health
status, and 12-
lead resting ECG
2. Healthy,
habitually
active subjects
3. Gave written
informed
consent for
study
participation

1. Cigarette smoking 2.
Respiratory disease, or
signs and symptoms
of URTI the preceding
week 3. Taking any
medications and/or
dietary supplements
4. Exhibited
contraindications to
strenuous exercise 5.
If unable to
distinguish between
allergies from the
symptoms of a URTI
on a pre-study intake
form

Placebo prepared
in-house; gelatin
caps: sugar
mixture (sugar,
sucrose,
cornstarch,
brown sugar,
molasses)

32, Echin =
18 Placebo =
14

s-IgA
concentrations,
saliva flow rate, and
secretion rate of s-
IgA (pre- and post-
exercise at baseline
and after 28 days of
intervention)

Baseline: significant
exercise induced
reduction in s-IgA in
both groups (Control
–69 %; Ech – 43 %) &
secretion rate of s-IgA
(Control – 79 %; Ech –

53 %) (p < 0.05)
End: placebo grp
experienced decrease
in s-IgA compared to
Ech group (Control –45
%; Ech +7%) & secretion
rate of s-IgA (Control
–45 %; Experimental
–7%, p = 0.004).

Number of URTI
symptoms

No difference

duration of URTI
symptoms

Reported URTI duration
significantly decreased
(placebo 8.6 days vs.
Ech 3.4 days, p
=<0.001)
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concern about its contribution to cytokine storm (also known as
cytokine release syndrome) (1). Cytokine storm is a poorly
understood phenomenon involving excessive, rapid release of
pro-inflammatory cytokines [2]. In COVID-19, cytokine storm can
lead to ARDS which carries a 40 % mortality rate [3]. Cytokines
associated with cytokine storm include pro-inflammatory inter-
leukin (IL)-6, IL-8, IL-1B, IL-12 and tumor necrosis factor (TNF)α,
while other cytokines, such as IL-10, have established anti-
inflammatory effects and a role in downregulating excessive
immune activity [2]. In COVID-19 specifically, cytokine storm is a
significant factor in driving a more severe clinical course with
patients requiring Intensive Care Unit admission showing higher
levels of cytokines TNFα and IL-6 [3].

2. Search strategy

2.1. Research questions

1) What is the role of Echinacea in the prevention and treatment of
COVID-19 and other respiratory tract infections?

2) Is there any evidence suggesting that Echinacea supplementa-
tion could increase the risk of cytokine storm in COVID-19
patients based on the changes in cytokine levels observed in
human clinical trials?

2.2. Inclusion/exclusion criteria

1) Studies were included if they reported human prospective
intervention studies sampling adults (aged 18 and over), and
assessed the effect of Echinacea supplementation on the
prevention or treatment of respiratory tract infections. Studies
including pediatric populations were excluded.

2) Studies were included if they reported human prospective
studies sampling adults, and assessed the effect of Echinacea
supplementation on levels of cytokines which have been
identified as playing a role in cytokine storm (interferons,
interleukins, chemokines, colony-stimulating factors, tumor
necrosis factors) or the incidence of cytokine storm or cytokine
release syndrome.

2.3. Databases

Medline (Ovid), AMED (Ovid), CINAHL (EBSCO), EMBASE (Ovid)

2.4. Search terms (example) -clinical efficacy search

2.4.1. Medline (Ovid)
((Randomized Controlled Trials as Topic/ OR randomized

controlled trial/ OR Random Allocation/ OR Double Blind Method/
OR Single Blind Method/ OR clinical trial/ OR clinical trial, phase i.
pt. OR clinical trial, phase ii.pt. OR clinical trial, phase iii.pt. OR
clinical trial, phase iv.pt. OR controlled clinical trial.pt. OR
randomized controlled trial.pt. OR multicenter study.pt. OR clinical
trial.pt. OR exp Clinical Trials as topic/ OR (clinical adj trial$).tw. OR
((singl$ or doubl$ or treb$ or tripl$) adj (blind$3 or mask$3)).tw.
OR PLACEBOS/ OR placebo$.tw. OR randomly allocated.tw. OR
allocated adj2 random$).tw.) NOT (letter/ OR historical article/))
AND (Echinacea or Echinacea angustifolia or Echinacea purpurea or
Echinace or coneflower) AND ("avian influenza (H5N1)"/ or
"influenza A (H1N1)"/ or Influenza A virus/ or influenza C/ or
exp influenza/ or highly pathogenic avian influenza/ or Influenza B
virus/ or highly pathogenic avian influenza virus/ or avian
influenza virus/ or seasonal influenza/ or "Influenza A virus
(H1N1)"/ or Asian influenza/ or swine influenza/ or influenza A/ or



Table 2
Summary of human studies examining effect of Echinacea spp. on cytokines.

Author Country,
WHO regio

Sponsorship source/
association

Design Study
Population

Echinacea Spp Dose Duration of Treatment Inclusion criteria Exclusion criteria Control or
Placebo

Total Number
of Subjects, N
in
intervention
and placebo

Change in
interferons
(IFN)

Change in
interleukins
(IL)

Other safety
outcomes

Barrett
2010

USA,
Region of
the
Americas

National Center for
Complementary and
Alternative Medicine
(NCCAM) f the National
Institutes of Health
(NIH). MediHerb
provided the products
and conducted
phytochemical analysis
but did not contribute
financially

Placebo
controlled
RCT (4 ar m)

New onset
common cold
in people age
12�80

Extracts of E.
purpurea and E.
Angustifolia root

10.2 g of dried echinacea
root first 24 h, 5.1 g
during each of the next
four days; 675 mg E.
purpurea root
standardized to 2.1 mg
alkamides and 600 mg E.
angustifolia root
standardized to 2.1 mg
alkamides

5 days 1. At least 1 of 4
symptoms (nasal
discharge, nasal
obstruction,
sneezing or sore
throat)
2. Score of 2 or
higher on Jackson
criteria

1. Use of antibiotics,
antivirals, nasal steroids,
decongestants,
antihistamines,
combination cold
formulas, echinacea,
zinc or vitamin C.
2. History of allergic
rhinitis who reported
sneezing or itching of
the nose or eyes
3. History of asthma
who reported current
cough, wheezing or
shortness of breath 4.
Self-reported
autoimmune and/or
immune deficiency
diseases
5. Pregnancy

Visual
matched
placebo
containing
identical
amounts of
exipients
(calcium acid
phosphate,
cellulose,
silica, sodium
starch
glycollate,
hypromellose
and
magnesium
stearate)

713
173 (no pill),
176 (blinded
placebo), 183
(blinded
Echinacea),
181
(unblinded
Echinacea)

IL-8 in nasal
rinse

No
difference
between Ech
group and
placebo

No differences
between
groups in
adverse
effects (rash,
nausea,
headache,
diarrhea)

Dall'Acqua
2015

Italy,
European
Region

Farmaderbe,
Pradamano (Udine) and
Indena S.p.A. (Milan,
Italy) for providing
product

Open label Healthy adults,
both genders

Echinacea
angustifolia

10 mg of lipophilic
extract containing 1 mg
of isolate dodeca-
2E,4E,8Z,10E/Z-
tetraenoic
isobutylamides

Single dose 1. Healthy
2. Fasting at
baseline

1. Dietary restrictions
2. Allergy to Compositae
or Grossulariacee plants
3. Abnormal liver
function
4. Use of medicines
during the study

n/a 10 IL-2 Significant
decrease
from
baseline p <
0.05

There was no
reporting
regarding
adverse
events

IL-6 Significant
decrease
from
baseline p <
0.001

IL-8 Significant
decrease
from
baseline p <
0.001

IL-10 Increase
from
baseline p =
0.001

TNFα Statistically
significant
reduction p =
0.002

Dapas 2014 Italy,
European
Region

Open label
pilot study;
some ex vivo
analysis

Healthy adults
both genders

Echinacea
angusifolia
(triple
standardized
extract syrup
Polinacea1)

10 mL daily 4 weeks 1. Healthy
2. No dietary
restrictions
3. Fasting at
baseline

1. Dietary restrictions
2. Allergy to Compositae
or Grossulariacee plants
3. Abnormal liver
function
4. Use of medicines
during the study

n/a 10 Plasma IL-2
mRNA

Increased (p
= 0.002)

No data
reported on
AE

Plasma IL-6
mRNA

Decreased (p
= 0.02)

Ex vivo
lympohocyte
IL-8

Increased (p
< 0.001)

Ex vivo
lympohocyte
RNA TNFα

Decreased (p
= 0.02)

Isbaniah F
et al.
(2011)

Indonesia,
South-East
Asia
Region

The study was
supported by Frutarom
Switzerland Ltd.'/
University of Indonesia,
Persahabatan Hospital
Indonesia, Totzke
Scientific Geneva
Switzerland, Frutarom
Switzerland Ltd
Switzerland

DBPC RCT,
three arm,
parallel
group, single
centre trial

COPD Patients Echinacea
purpurea (L.

500 mg Echinacea
purpurea (L.) Moench
(EP), from dried pressed
juice of the aerial parts
or 500mg EPwith 10mg
zinc, 15 ug selenium and
50 mg ascorbic acid (EP
+)

14 days; At
enrolment 500 mg
ciprofloxacin bid for
7 days Then
randomized to take
in addition: Placebo
OR EP 1/day 2wks OR
EP + 1/day 2 wks

1. At least 40
years of age
2. Existing
chronic
obstructive
pulmonary
disease
3. An acute
exacerbation
episode (non-
gradual increase

1. Asthma, severe
immune system
disorder, malignancy or
haematologic disorder,
obstructive pulmonary
disease caused by other
reasons (e.g.
tuberculosis), or any
other disease with
known impact on
disease recovery such as

Composition
not stated

120
randomized
108
completed
the trial and
included in
analysis
Placebo n =
35 Echin n =
36 Echin + n =
37

Chemokines No
difference
between Ech
and placebo

one serious AE
in ech grp:
generalized
erythema,
resolved with
antihistamine
tx; mild Aes
more common
in ech grp,
most common
was insomnia

IL-1B No
difference
between Ech
and placebo

IL6 No
difference
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pandemic influenza/ or Influenza C virus/ or influenza B/ or avian
influenza/ or Influenza virus or SARS or MERS or respir$ or Middle
East Respiratory Syndrome Coronavirus or severe acute respiratory
syndrome/)

2.5. Search terms (example) -cytokine search

2.5.1. Medline (Ovid)
((Randomized Controlled Trials as Topic/ OR randomized

controlled trial/ OR Random Allocation/ OR Double Blind Method/
OR Single Blind Method/ OR clinical trial/ OR clinical trial, phase i.
pt. OR clinical trial, phase ii.pt. OR clinical trial, phase iii.pt. OR
clinical trial, phase iv.pt. OR controlled clinical trial.pt. OR
randomized controlled trial.pt. OR multicenter study.pt. OR clinical
trial.pt. OR exp Clinical Trials as topic/ OR (clinical adj trial$).tw. OR
((singl$ or doubl$ or treb$ or tripl$) adj (blind$3 or mask$3)).tw.
OR PLACEBOS/ OR placebo$.tw. OR randomly allocated.tw. OR
allocated adj2 random$).tw.) NOT (letter/ OR historical article/))
AND (Echinacea or Echinacea angustifolia or Echinacea purpurea or
Echinace or coneflower) AND (Cytokine$ or cytokine storm or
cytokine release syndrome or chemokine$ or interferon$ or
interleukin$ or tumor necrosis factor$ or colony-stimulating
factor$)

2.6. Screening

Titles and abstract screening and full text screening were
completed by one reviewer and checked for accuracy by a second
reviewer. Similarly, data extraction was completed by a single
reviewer and checked for accuracy by a second reviewer. Any
discrepancies were resolved by consensus.

2.7. Critical appraisal

The risk of bias (RoB) of study findings was assessed using the
revised Cochrane RoB tool for randomized trials (RoB 2) https://
sites.google.com/site/riskofbiastool/welcome/rob-2-0-tool/cur-
rent-version-of-rob-2?authuser=0.

2.8. Protocol registration

The protocol was registered with PROSPERO: https://www.crd.
york.ac.uk/PROSPERO/display_record.php?RecordID = 186,339

3. Results

3.1. Clinical efficacy search

The search identified 382 results, including 85 duplicates. 297
citations were screened. After title and abstract reviews, 37
citations remained and 260 citations were excluded, as these did
not meet the inclusion and exclusion criteria. The full-text of the
remaining 37 articles were assessed for eligibility and 23 were
excluded (wrong study design n = 20, duplicate n = 1, not accessible
n = 1, wrong outcome n = 1). Three additional studies were
identified through a bibliography search. A total of 17 studies
underwent data extraction (Table 1).

Ten studies were conducted in the World Health Organization
(WHO) region of the Americas, with five in the European region,
one in the Western Pacific region and one in the South-East Asia
region.

All 17 studies were double-blind, placebo-controlled, random-
ized clinical trials. One study had additional arms using open-label
Echinacea and no treatment [4] and several studies had multiple
arms comparing different Echinacea species, commercial formulas
or doses [5–8]. Studies were designed to assess for the prevention

https://sites.google.com/site/riskofbiastool/welcome/rob-2-0-tool/current-version-of-rob-2?authuser=0
https://sites.google.com/site/riskofbiastool/welcome/rob-2-0-tool/current-version-of-rob-2?authuser=0
https://sites.google.com/site/riskofbiastool/welcome/rob-2-0-tool/current-version-of-rob-2?authuser=0
https://www.crd.york.ac.uk/PROSPERO/display
https://www.crd.york.ac.uk/PROSPERO/display
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or treatment of ARI, primarily, the common cold. Six studies
assessed the impact on prevention: four in normal daily life
(duration 6–16 weeks), one in response to a strenuous exercise
challenge (duration 4 weeks) (9) and one in response to long-
distance air travel (duration 4 weeks) (10). Two studies assessed
the impact of Echinacea 7 days before and 5–7 days after a viral
challenge [8,11]. Nine studies assessed the use of Echinacea for 5–
14 days in the treatment of a new onset respiratory tract infection,
one in patients with chronic obstructive pulmonary disease
(COPD) who were administered antibiotics concurrently and the
remaining were conducted in healthy adults [5]. In all 17 studies,
participants were located in the community (i.e. not in-patient
settings).

In total, the 17 studies included 3363 participants with a mean
sample size of 224 participants (SD = 229, range: 32–755).

Eleven studies used intervention formulas containing E.
purpurea, two used E. angustifolia, four used a combination of E.
purpurea and E. angustifolia, and one used E. pallidae radix.

Echinacea dose and method of extraction across all of the
included studies were quite variable. Studies used different parts of
the herb, including root, whole plant and aerial parts, as well as
different methods of preparation. Echinacea interventions were
delivered in the form of pressed juice, hydroalcohol extracts,
capsules of dry herb and infusions. The lowest dose used was 100
mg of herb [12] while other studies used as much as 10.2 g per day
in capsules on the first day of treatment [4]. Five studies reported
using formulas that were standardized to include a specific amount
of active constituent [6,12–14].

The studies assessed for ARI, viral respiratory infections or the
common cold. The two studies that used a viral challenge
administered rhinovirus 39 and monitored for the common cold
[8,11].

The Cochrane Risk of Bias 2.0 assessment tool was used to
evaluate the included studies. Of the six studies assessing
prevention, four were rated low risk of bias [7,10,13,15] while
two were rated high risk [9,16]. Among the two studies testing
prevention and treatment in response to a viral challenge, one was
rated high risk of bias [11] and one low risk of bias [8]. Among the
nine studies assessing treatment of new onset infections, four were
rated low [4,14,17,18], four rated high [5,6,19,20] and one was rated
as having some concerns [12]. Reasons for a high risk of bias
included per-protocol analysis [6,16], lack of description of
dropouts [9], incomplete reporting of data [5,19], and lack of
baseline data comparing the treatment groups [20]. One study
terminated the study before recruiting the sample size needed to
Table 3
Number of studies reporting increased or decreased levels of cytokines following Echin

Cytokine Impact on Inflammation
Levels and Cytokine storm (CS)

Studies reporting i

TNFα Proinflammatory 

Key CS contributor
IL-1B Proinflammatory 

Key CS contributor
IL-6 Proinflammatory 

Key CS contributor
IL-8 Proinflammatory 1 study(26) and 

1 study, only in pa
low baseline levels

IL-12 Proinflammatory 

IFN-α Key CS contributor 1 study, only in pa
low baseline levels

IL-10 Anti-inflammatory 2 studies (21, 27) 

Role in regulating pro-inflammatory
responses

IL-3 Not associated with CS 1 study (23)
IL-2 Not associated with CS 1 study (26) 
detect significance based on a power calculation completed
midway through the study [11]. These judgments should be taken
into consideration when interpreting the findings of this review.

3.2. Cytokine search

The search identified 100 results, including 26 duplicates. 74
citations were screened. After title and abstract reviews, 18
citations remained and 56 citations were excluded as these did not
meet the inclusion and exclusion criteria. The full-text of the
remaining 18 articles were assessed for eligibility and six were
excluded (protocol only n = 1, incorrect outcome n = 2, duplicate
data from included publication n = 1, unable to locate full text
n = 1). A total of 12 studies underwent data extraction (Table 2).

Of these, five included healthy participants who consumed oral
doses of Echinacea before blood levels of cytokines were measured
[21–25]. Three studies included participants with respiratory tract
infections [4,5,8] and four included healthy participants whose ex
vivo blood samples were stimulated and immune response
observed [26,27,28,29]. The studies assessed cytokines including
TNFα (n = 9), IL-1B, IL-2, IL-3 IL-6, IL-8, IL-10, IL-12 and Interferon
(IFN)α2.

3.3. Summary of findings

3.3.1. Clinical efficacy
The six studies that administered Echinacea to healthy

participants for two to four months and assessed prevention of
naturally acquired upper respiratory tract infections (URIs),
measured the frequency and/or duration of infections
[7,9,10,13,15,16]. Five of these studies assessed infection frequency
and of these, two reported a statistically significant reduction
[10,13]. Three studies assessed duration of illness and of these, one
reported a statistically significant decrease [9].

In the two studies that provided Echinacea supplementation
before and after study-administered viral challenge, one reported
no difference in infection frequency or severity compared to
placebo [8].

The nine studies assessing the use of Echinacea at the onset of a
URTI measured infection duration and symptom severity
[4–6,12,14,17–20]. All studies assessed for impact on symptom
severity and five reported statistically significant reductions in
symptom severity [4,6,14,19,20]. A sixth study, that included
participants with COPD experiencing an acute exacerbation of
respiratory symptoms, found a reduction in severity in response to
acea use.

ncreased levels Studies reporting no
effect on levels

Studies reporting
decreased levels

2 studies (5, 29) 7 studies (21-26)

1 study (29) 2 studies (24, 27)

1 study (28) 3 studies (21, 25, 26)

2 studies (4, 8) 4 studies (21, 24, 25, 28)
tients with

 (27)
1 study (25)

tients with
 (27)

1 study (5) 1 study (25)

1 study (21)
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supplementation with Echinacea in combination with zinc,
selenium and ascorbic acid but not for Echinacea alone [5]. Seven
of the studies using Echinacea at URTI symptom onset assessed the
duration of symptoms and five reported a statistically significant
reduction in duration compared to participants receiving placebo
[4,14,18–20].

With respect to risk of bias, of the ten studies that reported a
positive outcome, five were rated as high risk of bias [5,6,9,19,20]
and five were rated as low risk of bias [4,10,13,14,18].

Among the 13 studies that reported intervention dose with an
equivalent dose of dry herb (or a liquid extraction and extraction
strength), the mean dose was calculated. In cases where a range or
variable doses were given, the highest doses was selected. The
mean dose used in studies reporting benefit was 7.3 g per day (SD
6.4) and the mean dose used in studies that failed to detect benefit
was 1.7 g per day (SD 2.1). The studies reporting benefit used E.
purpurea (n = 6) or a combination of E. purpurea and E. angustifolia
(n = 3) or E. pallidae radix (n = 1). Of the five studies using extracts
with a standardized level of active constituents, four reported
benefit. These active constituents included dodecatetraenoic acid,
isobutylamide, alkylamides, cichoric acid and soluble -1,2-D-
fructofuranosides [6,10,12–14].

3.3.2. Cytokine search
Table 3 presents the number of studies showing statistically

significant increases or decreases in different pro- and anti-
inflammatory cytokine levels in response to Echinacea supple-
mentation in 12 clinical trials.

None of the clinical trials included in this review reported
occurrence of cytokine storm or other immune or inflammatory
disturbance which could be attributed to the Echinacea
intervention.

While seven studies did not report adverse events, the
remainder reported few adverse effects, in most cases similar to
the control group. One reported a serious reaction involving
generalized erythema which resolved with anti-histamine treat-
ment [5] and mild adverse events of which insomnia was the most
common. Another reported primarily gastro-intestinal side effects
[8] and another reported one case of anxiety and nervousness and a
recurrence of bilateral arthritis symptoms which the patient had
previously experienced [22].

3.4. Clinical significance

Echinacea supplementation may assist with the symptoms of
ARI and the common cold, particularly when administered at the
first sign of infection; however, no studies have been identified
which use Echinacea in the prevention or treatment of conditions
similar to COVID-19. When taken at the onset of symptoms,
Echinacea may decrease the severity or duration of ARI.

Because the vast majority of studies involved participants who
were free from serious or chronic illness, and without known
issues related to immune function, it is not possible to infer what
the role of Echinacea spp. could be in those at highest risk of
COVID-19.

With respect to the impact of Echinacea on cytokine levels, the
majority of evidence suggests a decrease in levels of pro-
inflammatory cytokines associated with cytokine storm. While
the potential for Echinacea to provide a clinical therapeutic benefit
is speculative, animal studies using pharmaceuticals that decrease
production of IL-1α, IL-6 and TNFα cytokines have increased
survival of mice infected with severe influenza [2], and SARS-CoV
[3]. Tocilizumab, an anti-IL-6 receptor antibody, is being studied in
the treatment of cytokine storm in COVID-19 patients with
elevated IL-6 levels [3]. Research of the use of Echinacea in
cytokine storm may be warranted.
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