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ABSTRACT

Background: The therapeutic effectiveness of Echi-
nacea in the treatment and the prevention of colds has
been debated. Studies of naturally occurring colds are
hampered by variability in time from onset of symp-
toms to treatment and by heterogeneity in trial design.
Experimental infection studies allow for the standard-
ization of time to initiation of treatment, virus type
and dose, and immune competence of volunteers.

Objective: To determine whether the negative re-
sults obtained in previous studies of Echinacea were a
consequence of efficacy or of inadequate sample size,
we performed a meta-analysis of experimental rhino-
virus infection studies on the efficacy of Echinacea ex-
tracts to prevent symptomatic development of an ex-
perimentally induced cold.

Methods: We carried out a systematic search of
English- and German-language literature using the
MEDLINE, EMBASE, CAplus, BIOSIS, CABA,
AGRICOLA, TOXCENTER, SCISEARCH, NAHL,
and NAPRALERT, databases and the search terms
Echinacea, black Sampson, coneflower, and Roter
Sonnenbut. Matching documents were then searched
for 21 of the following terms: rhinovirus, RV, inocula-
tion, Inokulation, induced, induziert, artificial, and ar-
tifiziell. Suitable studies were identified and pooled for
analysis. The primary end point was the development of
symptomatic clinical colds, as defined by the authors of
the original studies. Results were reported as differences
in the proportion of subjects with symptomatic episodes
of a common cold, expressed as odds ratios (ORs) and
95% Cls. The secondary outcome was the difference in
total symptom severity scores between treatment groups
(assessed daily by integrating the severity scores of 8 in-
dividual cold-related symptoms that were rated on a
scale from 0 [absent] to 4 [very severe]).
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Results: A total of 234 articles were identified
through the literature search; 231 were excluded from
the analysis because they related to studies of sponta-
neous common colds. Three suitable studies were se-
lected for pooling of data. Based on the analysis, the
likelihood of experiencing a clinical cold was 55%
higher with placebo than with Echinacea (OR, 1.55
[95% CI, 1.02-2.36]; P < 0.043). The absolute differ-
ence in total symptom scores between groups was
-1.96 (95% CI, —4.83 to 0.90; P = NS).

Conclusions: This meta-analysis suggests that stan-
dardized extracts of Echinacea were effective in the
prevention of symptoms of the common cold after
clinical inoculation, compared with placebo. Further
prospective, appropriately powered clinical studies
are required to confirm this finding. (Clin Ther. 2006;
28:174-183) Copyright © 2006 Excerpta Medica, Inc.

Key words: Echinacea, rhinovirus, inoculation, meta-
analysis, prophylaxis.

INTRODUCTION

Native American tribes discovered the potential of
Echinacea in the treatment of cough, sore throat, snake
bites, and analgesia.l> Current interest focuses on the
role of Echinacea in the prevention and treatment of
common colds.? Preparations mainly include the leaves
and roots of dried or fresh Echinacea purpurea, Echi-

Accepted for publication December 29, 2005.

Express Track online publication February 8, 2006.
doi:10.1016/j.clinthera.2006.02.001
0149-2918/06/$19.00

Printed in the USA. Reproduction in whole or part is not permitted.
Copyright © 2006 Excerpta Medica, Inc.

Volume 28 Number 2



nacea angustifolia, and Echinacea pallida, and are manu-
factured using a range of extraction methods.*’

Although some clinical studies of Echinacea in
spontaneously occurring colds have reported positive
results, others have reported negative findings, so that
the efficacy of Echinacea remains uncertain.6-8 More-
over, the quality of many clinical trials, and of some
investigated products, has been challenged.’ Variation
among the extracts used, medication regimens, and
study designs might be partly responsible for the con-
flicting outcomes. !0

A recent Cochrane review!! found 5 randomized
trials of adequate methodologic quality that investi-
gated the prophylactic efficacy of Echinacea in spon-
taneously acquired colds. In 2 studies, a statistically
significant reduction in the incidence of upper respi-
ratory tract infections was observed.!%!3 One trial
found a significantly shorter duration of cold episodes
in the Echinacea-treated group.'? The authors con-
cluded that there was still insufficient evidence to pro-
mote Echinacea for the prevention of common colds
and commented that the observed effect size (ie, the
difference in mean values between groups) of 5% to
15% was of questionable clinical relevance.

However, several studies of the efficacy of Echi-
nacea for the treatment of the common cold have
produced positive results. For example, in a study
investigating an alcoholic fresh-plant tincture from
E purpurea, treatment was associated with 120% bet-
ter resolution of symptoms during a cold episode than
was placebo (P = 0.02).1* This double-blind, placebo-
controlled, randomized clinical trial investigated the
relative reduction of 12 cold-related symptoms, rated
on a scale ranging from 0 (absent) to 3 (severe) in
246 patients. Detailed and comprehensive reviews on
the efficacy of Echinacea in the prevention and treat-
ment of the spontaneous common cold were recently
published by Barrett? and Barnes et al.

A crucial factor in the investigation of a cold rem-
edy is the timely initiation of treatment. It was recent-
ly argued that medication must be started immediately
after occurrence of the first symptoms for beneficial
effects to be observed.!® If the optimal time point has

already passed, then the effect of a potentially active

remedy might not be demonstrated. In various trials
with Echinacea, the start of medication varied from
the time of occurrence of first symptoms to sever-
al hours afterward; therefore, it is not surprising that
the outcome of these studies differed substantially.
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Unfortunately, such variables within a normal field
study of the common cold are difficult to circumvent;
thus, this system can result in a critical divergence of
results.!6:17

Much work has been done to standardize both the
investigational products used in medical studies and
the settings in which these products have been tested.
The experimental induction of common colds was de-
veloped for this reason. Rhinoviruses are by far the
most frequent causative agent in cold episodes and
most studies have used rhinoviruses for this rea-
son.'1? The experimental system allows previously
uncontrollable variables, such as time to initiation of
treatment, virus type and dose, and immune compe-
tence of volunteers, to be standardized. Therefore, ex-
perimental systems represent useful and accurate
settings in which to investigate the efficacy of reme-
dies in the prevention and the treatment of the com-
mon cold.!”

Three rhinovirus inoculation studies investigated
the prophylactic effects of well-standardized Echina-
cea extracts.20-22 In these studies, the rate of infection
(defined by detection of rhinoviruses in nasal secre-
tions and/or rise of antibody titers in the serum) was
investigated as a primary outcome variable. All trials
reported a negative outcome in the prevention of in-
fection. In all 3 studies, Echinacea appeared to inhib-
it development and severity of symptomatic colds,
although no significant difference from placebo was
found. Measures of variance in the data were general-
ly high. With an expected effect size of 10% to 40%,
it is possible that these studies were underpowered to
detect any benefit for the parameters likely to be influ-
enced by Echinacea.>% The statistical power was calcu-
lated to be 29% for the study published by Sperber et
al?! and ~15% for those from Turner et al.20:22

To determine whether the negative results obtained
in these studies were a consequence of efficacy or of
inadequate sample size, we performed a meta-analysis
of experimental rhinovirus infection studies on the ef-
ficacy of Echinacea extracts to prevent symptomatic
development of an experimentally induced cold.

METHODS
Study Selection

A systematic search of English- and German-
language literature was performed using the MEDLINE,
EMBASE, CAplus, BIOSIS, CABA, AGRICOLA,
TOXCENTER, SCISEARCH, NAHL, and NAPRALERT
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databases and the search terms Echinacea, black Samp-
son, coneflower, and Roter Sonnenhut. Matching docu-
ments were then searched for 21 of the following terms:
rhinovirus, RV, inoculation, Inokulation, induced, in-
duziert, artificial, and artifiziell.

The articles identified through the literature search
were assessed for suitability for analysis using Quality
of Reporting of Meta-analyses criteria,?> and those
that were found to be relevant were further evaluated
for quality of design, as assessed by Jadad score?*; the
process of randomization and the efficacy of blinding
were rated together with the follow-up of dropouts
and withdrawals. In the case of inappropriate ran-
domization or blinding, 1 point was deducted.

The primary outcome of the present meta-analysis
was the development of symptomatic clinical cold, as
defined by Gwaltney et al'7 and Jackson et al.!® A
clinical cold was considered to be present if a 5-day
symptom score of =52! or 262922 was reached and if,
on 3 successive days, rhinorrhea occurred and/or the
patient felt that he or she had developed a cold.!”:1#

A secondary analysis investigated the severity of
symptoms after viral challenge.

Statistical Methods

A formal meta-analysis was performed in which
the results of the eligible studies were pooled. Dif-
ferences in the proportion of subjects with symp-
tomatic episodes of a common cold were expressed as
odds ratios (ORs) and 95% ClIs. ORs >1.0 indicated
a beneficial effect of Echinacea, corresponding to a
higher likelihood of avoiding a symptomatic clinical
cold when a potential infection source was present. To
combine the results of the single studies, we calculat-
ed weighted means of the log-ORs, as proposed by
Whitehead.2S In our analysis, we focused on the ef-
fects of Echinacea in the prevention of symptomatic
cold episodes among all virally challenged partici-
pants, comparing active agent with placebo.

In a secondary analysis, the efficacy of Echinacea
on the basis of symptom severity during cold episodes
was investigated. Mean total symptom scores (TSS)
were obtained by integrating the scores for individual
cold-related symptoms, each of which was rated on a
numeric scale (0 = absent, 1 = mild, 2 = moderate, 3 =
severe,2! 4 = very severe?%22). Results for the effect on
TSS were expressed as absolute mean differences; neg-
ative differences indicated lower severity of symptoms
in subjects who received Echinacea rather than place-

bo. The variance of the effect size was calculated as
residual restricted maximum likelihood estimate.?¢
The results of all studies were combined by weighted
means of the mean TSS of single studies, as proposed
by Whitehead.?* All presented effect sizes and ratios
between Echinacea and placebo were calculated from
percentages of all inoculated subjects.

We examined heterogeneity in the treatment differ-
ence parameters between trials with the classical test
proposed by Hedges and Olkin.?” Overall estimators
and tests for difference between groups were calculated
using both a general fixed-effects parametric approach
and a general random-effects parametric approach. In
the analyses, heterogeneity was not significant; there-
fore, fixed-effects estimates are presented in this article.

The validated program MetaSub, version 1.1.05
(IDV, Gauting/Munich, Germany), was used in this
analysis.

RESULTS

A total of 234 matches were found in the literature
search. Of these, 231 were excluded from this analysis
because they related to studies of spontaneous com-
mon colds. The remaining 3 inoculation studies were
of high quality, being double blind, placebo controlled,
and adequately randomized (Table I).20-22 With Jadad
total scores of 4 and 5, the studies were all of high
quality. Furthermore, they used similar inoculation
protocols, with the same parameters investigated and
with standardized investigational products,?>-*2 mak-
ing them eligible for data pooling. Prophylactic treat-
ment started 7 days?22 or 14 days?® before virus
challenge and continued until day 52922 or day 7.2! In
both studies by Turner et al,2%22 300 mg was applied
3 times daily; the first study used extract of E pur-
purea,?® and the second used extract of E angustifo-
lia.?2 Sperber et al?! treated subjects 3 times daily with
an E purpurea preparation corresponding to 176 mg
of crude extract (according to the manufacturer).!?
Controlled testing was achieved by calculating 95%
CIs and P values.

Turner et al?® and Sperber et al?! tested prepara-
tions made from E purpurea. In the more recent study
by Turner et al,22 a 20%, a 60% alcoholic, and a CO,
extract from E angustifolia were investigated. Each of
them was compared with the same placebo group.
Because meta-analyses should compare independent
studies, the data for the eligible Echinacea extracts
were pooled and compared with placebo. For the
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analysis of occurrence of symptomatic colds, the ap-
propriate numbers in the Echinacea groups were com-
bined and the OR between Echinacea and placebo
was calculated. For the mean TSS, the weighted mean
(weights were corresponding group sizes) of the in-
dividual study groups was calculated and its variance
determined as the weighted mean of within-group
variances.

Table IT shows the number of patients in each study
who were challenged with rhinovirus (inoculated) and
in whom infection was detected or symptomatic colds
developed. The second study by Turner et al?? was the
largest, with a total of 149 and 103 challenged volun-
teers in the Echinacea (pooled verum groups) and
placebo groups, respectively. As shown in Table II,
Turner et al?2 observed a detectable infection rate of
87% (218 infections in 252 challenged subjects) in
both the Echinacea and placebo groups; symptomatic
colds developed in only 49% of subjects treated pro-
phylactically with Echinacea and in 56% of subjects
without prophylaxis. Incidences of symptomatic clini-
cal colds among Echinacea-treated subjects ranged

from 22% to 58%, compared with 33% to 82%
among those who received placebo.?0-22

Table III shows the ORs and Cls for the differences
between the proportions of patients from each group
who developed a symptomatic cold in each of the
3 studies,20-22 along with an overall estimate of the
treatment difference from the pooled results. (Het-
erogeneity of treatment effects between studies was
not found, so the study results can be combined.)
The OR was 1.55 (95% CI, 1.02-2.36; P < 0.043).
Thus, the odds of escaping a clinical cold were 55%
higher when ingesting Echinacea rather than placebo
in the studies included in this analysis. Figure 1 illus-
trates the effect sizes of all of the Echinacea prepara-
tions assessed in these 3 studies,2*-22 along with the
overall pooled estimate. The pooled result was be-
tween the accepted benchmark values of 1.437 (small
effect size) and 2.475 (medium effect size).2® The CI
for the pooled OR did not cross 1.0, indicating sta-
tistical significance. Using random-effects models,
comparable point estimates were achieved (data not
shown).

—

Table II. Effects of Echinacea treatment on the occurrence of infection and development of symptomatic cold
episodes. Values are given as number (%) of subjects.

Echinacea Placebo
Symptomatic Symptomatic
Study Inoculated Infections Colds Inoculated Infections Colds
Turner et al?? 50 22 (44) 11 (22) 42 24 (57) 14 (33)
Sperber et al?' 24 22 (92) 14 (58) 22 21 (95) 18 (82)
Turner et al?? 149 130 (87) 73% (49) 103 88 (85) 58 (56)

*Consisting of 24, 24, and 25 patients allocated to treatment with a 20%, a 60% alcoholic, and a CO, Echinacea extract, respectively.

comparison with placebo.

Table Ill. Efficacy of Echinacea for the incidence of symptomatic cold episodes in

Pooled

1.55 (1.02-2.36)

Study OR (95% C1) P

Turner et al?® 1.77 (0.70-4.48) 0.25
Sperber et al?' 3.21(0.83-12.45) 0.11
Turner et al?? 1.34 (0.81-2.22) 0.31

Heterogeneity: <0.471
Fixed effect: ~ <0.043

s
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Figure 1. Evaluation of the effect sizes from 3 independent studies and an overall estimate of the pooled results
of those studies. Values are shown as odds ratios and 95% Cls expressing the likelihood of avoiding a
clinical cold when using extracts of Echinacea rather than placebo. The pooled estimate included 223 sub-
jects who received Echinacea and 167 who received placebo.

6.0

A secondary analysis investigated the severity of
cold-related symptoms. In all 3 studies, symptomatic
colds were assessed daily by rating sneezing, rhinor-
rhea, nasal obstruction, sore throat, cough, headache,
malaise, and chilliness using the scoring system de-
scribed previously in this article. Single symptom scores
were not given in all of the studies; therefore, Table IV
presents the TSS for these parameters. Effect sizes (and
95% ClIs) for TSS for the 3 studies individually and an
overall estimate for all studies pooled are given. Again,

the study results could be pooled because there was no
evidence of heterogeneity of treatment effects. Mean
differences of TSS between groups in the individual
studies ranged from —1.56 to —2.83, and the overall es-
timate of difference for the pooled studies was —-1.96
(95% CI, —4.83 to 0.90; P = NS) (Table IV; Figure 2).

DISCUSSION
The common cold is one of the most common diseases
in western countries, resulting in direct medical costs

Table IV. Efficacy of Echinacea for severity of cold symptoms, as measured by total
symptom scores, compared with placebo.*

Mean Difference

Study (95% CI) P

Turner et al?° -2.20 (-12.11 to 7.71) 0.66

Sperber et al?! -2.83 (-8.32 to0 2.66) 0.32

Turner et al?? -1.56 (-5.13 to 2.00) 0.39

Pooled -1.96 (-4.83 to 0.90) Heterogeneity: <0.930
Fixed effect: ~ <0.180

*Total symptom score was based on total of ratings for 8 individual symptoms (0 = absent,
1 = mild, 2 = moderate, 3 = severe,?! 4 = very severe?®:22).
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Figure 2. Mean differences between groups in total symptom scores (with 95% Cls) for each of 3 studies and an
overall estimate of the treatment difference based on the pooled results of those studies. The pooled es-
timate included 223 subjects who received Echinacea and 167 who received placebo.

of more than US $16.8 billion annually.?? There is
great interest in the development of medication to pre-
vent and treat this disease. Many remedies are com-
mercially available, but conclusive proof of their
efficacy is often lacking.?? Much confusion and con-
flicting outcomes result from studies with inappropri-
ate designs or population sizes. Clear clinical benefits
and clinical recommendations have not been deter-
mined for zinc, vitamin C, local antihistamines, anti-
tussives, expectorants, and other locally active reme-
dies. Some medications are effective, but because of
adverse events, rebound effects, or cost/benefit ratios,
they have not proved to be adequate for the treatment
of self-limited forms of the common cold.3!-35 Vac-
cination for rhinoviruses, which are the major cause
of colds, remains elusive due to the variability of this
group of >100 serotypes.*®

Perhaps due to the lack of specific therapies, associ-
ated risks with certain treatment, and the relatively
mild nature of the symptoms, phytomedicines are a
popular approach to managing the common cold. In re-
cent years, a growing interest in remedies containing re-
fined Echinacea has paralleled the increasing demand
for alternative treatment options.?” With annual sales
of more than US $300 million, Echinacea is one of the
best-selling herbal products in the United States.383?

As with most cold remedies, the clinical data on Echi-
nacea that have been gathered so far have not been de-
finitive. Randomized, placebo-controlled, double-blind
clinical trials have reported its efficacy for the treat-
ment of spontaneous common colds, but the results
of other high-quality studies have called into question
the clinical benefit of Echinacea.”*1214:4042 A detailed
and comprehensive review on Echinacea concluded
that the available literature suggests some efficacy in
the treatment of the common cold, although it must be
noted that this conclusion was not based on statistical
analysis.?

However, some of the latest trials using experimen-
tally induced common colds failed to show any signifi-
cant superiority over placebo. Experimental-infection
studies provide homogeneous study design and were
found, in the preliminary stages of the present study,
to be suitable for inclusion in a meta-analysis: A total
of 3 studies were identified that investigated rates of
infection and development of symptomatic clinical
colds in induced rhinovirus infections.2’-*2 However,
the clinical burden of the common cold in direct and
indirect costs, including absence from work, is not
caused by detection of virus in secretions or of serum
antibodies, but rather by perceived symptoms. Thus,
prevention of symptomatic colds is the most rele-
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vant outcome and the primary one chosen for our
meta-analysis.

In our analysis, we intended to show the relative
benefit of Echinacea, in comparison with placebo,
for reducing the risk of developing symptoms of the
common cold. The studies included in this analysis re-
ported considerable variance in the data; however, it
should be noted that these studies enrolled few sub-
jects.20-22 The sample sizes were half or one fourth of
the size that would have been necessary to detect even
medium treatment effects (~90 patients per group).

To obtain an adequate sample size, we decided to
perform a formal meta-analysis, pooling the results of
all suitable studies. To our knowledge, this is the first
meta-analysis to find prophylactic efficacy of Echi-
nacea. The likelihood of developing a clinical cold was
55% higher in the placebo group than in the Echi-
nacea group (OR, 1.55 [95% CI, 1.02-2.36]; P <
0.043). The statistical power to detect this difference
on the basis of a sample size, as available from the
meta-analysis, was calculated to be 51%. To detect an
effect size of 1.55 (the OR noted in the present meta-
analysis) with a power of 80% and a significance level of
5%, a clinical study would have to include ~340 patients
per group.

Our findings support the results of placebo-
controlled, double-blind, randomized clinical trials
reporting the efficacy of Echinacea for the prevention
of spontaneous colds. During 2 months of adminis-
tration of Echinacea or placebo to 108 volunteers,
Schoeneberger*? observed significantly shorter dura-
tion of illness and fewer participants suffering from a
cold after being exposed to the virus. A 50% reduc-
tion in the number of colds (P < 0.001) in children
who received a combination of Echinacea, vitamin C,
and propolis instead of placebo was observed after
12 weeks of administration.** Furthermore, Taylor et
al® found significantly more recurrent infections after
treatment of first episodes in 64% of children treated
with placebo, compared with 52% in the Echinacea
group (P = 0.015). Although not designed as a classi-
cal prevention trial, and although the primary end
point of the trial produced negative results, the study
by Taylor et al® supports the findings of the present
meta-analysis.

Based on the available evidence, it is likely that
Echinacea has a beneficial effect in diseases with
a predominantly inflammatory component. The anti-
inflammatory and immune-modulatory effects of

Echinacea observed in vitro could thus have direct
ameliorating effect on virus-induced inflammation.
It has been reported that symptoms accompanying
a common cold are clearly associated with levels
of inflammatory cytokines such as interleukin-1f
(IL-1B), IL-6, IL-8 or interferon-y.*5:46 Also, it is in-
dicative that asymptomatic courses of colds are not
associated with elevated levels of cytokines, showing
a strong correlation between cytokines and per-
ceived symptoms.*” Decreased secretion of anti-
inflammatory cytokines might be a reasonable ther-
apeutic strategy to relieve inflammation-related
symptoms during a cold episode.*$%7 The effects of
Echinacea on levels of proinflammatory cytokines in
nasal secretions during cold episodes remain to be
determined in vivo.

Rhinoviruses are the most common agent causing
upper respiratory tract diseases that can also be asso-
ciated with asthma exacerbations, otitis media, acute
sinusitis, and even subsequent development of pneu-
monia.365031 Experimentally transmitted rhinovirus
colds are, therefore, a suitable means for testing the
preventive efficacy of remedies. Although the efficacy
of Echinacea to prevent symptomatic cold as summa-
rized in the present article cannot easily be applied to
other causative agents, our findings suggest that the
reduced risk of developing clinical colds observed
with the use of Echinacea could result in a substantial
economic and socioeconomic benefit. An adult person
suffers from 2 to 4 colds per year and preschool-aged
children experience up to 12 colds annually, together
accounting for ~23 million days of work absence and
~26 million days of school absence in the United
States annually; therefore, reducing cold risk by using
Echinacea could similarly reduce the immense direct
and indirect medical costs, loss of wages, and person-
al discomfort associated with colds.2?-3435 A possible
limitation of the present analysis might be the relative-
ly low number of eligible studies. Large clinical trials
are warranted to quantify the effect of prophylactic
treatment with Echinacea.

CONCLUSIONS

This meta-analysis suggests that standardized extracts
of Echinacea were effective in the prevention of symp-
toms of the common cold after clinical inoculation,
compared with placebo. Further prospective, appro-
priately powered clinical studies are desired to con-
firm this finding.






