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a  b  s  t  r  a  c  t

The  herb  Echinacea  purpurea,  also  called  purple  coneflower,  is  regarded  as  an  immune  modulator.  This
study  examined  changes  in  cytokine  production  in  blood  samples  from  30 volunteers  before  and  during  8-
day  oral  administration  with  an  ethanolic  extract  of fresh  Echinacea  purpurea  (Echinaforce®).  Daily  blood
samples  were  ex vivo  stimulated  by LPS/SEB  or  Zymosan  and  analysed  for  a series  of  cytokines  and  haema-
tological  and  metabolic  parameters.  Treatment  reduced  the  proinflammatory  mediators  TNF-�  and  IL-1�
by  up  to  24%  (p  <  0.05)  and  increased  anti-inflammatory  IL-10  levels  by 13%  (p  <  0.05)  in comparison  to
baseline.  This  demonstrated  a substantial  overall  anti-inflammatory  effect  of  Echinaforce® for  the  whole
group  (n  = 28).  Chemokines  MCP-1  and  IL-8  were  upregulated  by  15%  in  samples  from  subjects  treated
with  Echinaforce® (p < 0.05).  An  analysis  of  a subgroup  of volunteers  who  showed  low  pre-treatment
levels  of the  cytokines  MCP-1,  IL-8,  IL-10  or IFN-�  (n =  8) showed  significant  stimulation  of  these  factors
upon  Echinaforce® treatment  (30–49%  increases;  p  <  0.05),  whereas  the levels  in subjects  with  higher  pre-
treatment  levels  remained  unaffected.  We  chose  the  term  “adapted  immune-modulation”  to describe  this
observation.  Volunteers  who  reported  high  stress  levels  (n = 7) and  more  than  2  colds  per  year  experi-
enced  a significant  transient  increase  in  IFN-�  upon  Echinaforce® treatment  (>50%).  Subjects  with  low
cortisol  levels  (n  =  11)  showed  significant  down-regulation  of  the  acute-phase  proteins  IL1-�,  IL-6,  IL-12
and TNF-�  by  Echinaforce® (range,  13–25%),  while  subjects  with  higher  cortisol  levels  showed  no  such

down-regulation.  This  is  the  first  ex  vivo  study  to  demonstrate  adapted  immune-modulation  by an  Echi-
nacea  preparation.  While  Echinaforce® did  not  affect  leukocyte  counts,  we speculate  that  the  underlying
therapeutic  mechanism  is  based  on  differential  multi-level  modulation  of the  responses  of  the  different
types  of  leukocytes.  Echinaforce® thus  regulates  the  production  of  chemokines  and  cytokines  according
to  current  immune  status,  such  as  responsiveness  to exogenous  stimuli,  susceptibility  to  viral  infection
and exposure  to  stress.

C

ntroduction

Virally transmitted respiratory tract infections are the most
ommon diseases in Western countries. On average, adults suffer
rom 2 to 4 colds per year, whereas children can be affected up to
2 times annually (Fendrick, 2003).

Echinacea purpurea, also known as purple coneflower, is a
edicinal plant. Echinacea extracts are currently used to pre-

ent and treat influenza infections as well as the common cold
Blumenthal et al., 2007; Woelkart et al., 2008). A meta-analysis of

chinacea studies concluded that it is clinically beneficial (Schoop
t al., 2006a; Shah et al., 2007; Linde et al., 2006), and various phar-
acodynamic actions have been proposed (Gertsch et al., 2004).
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However, current knowledge about the mechanism of action of
Echinacea is based mainly on in vitro research, and studies have
reported different effects due to the use of different prepara-
tions from the same plant species (Gertsch et al. 2004; Rininger
et al. 2000). In vitro studies have limited usefulness, as they
do not reflect the bioavailability of phytochemical compounds,
which are often investigated at non-physiological concentrations.
In addition, a single dose of the test compound is commonly
used in in vitro cultures, making this an inadequate model for
investigating the effects of multiple dosing to simulate prophy-
lactic intake of the compound. Ex vivo studies are better models
for investigating drug actions, as they better reflect the effects
of digestion, resorption and metabolism. Notably, the combined

use of different plant parts may  enhance synergistic activity:
when investigating the effects of complex plant extracts, it is
necessary to investigate the effect of the extract of the whole
plant during and after administering the extract to the whole
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Table 1
Phytochemical profile of the hydro-ethanolic extract of Echinacea purpurea
(Echinaforce®) used in this study.

Compound Concentration (ug/ml)

Caffeic acid 0
Caftaric acid 264.4
Chlorogenic acid 40.2
Cichoric acid 313.8
Cynarin 0
M.R. Ritchie et al. / Phyto

rganism. To date, few studies have investigated the effects of
epeated oral administration of Echinacea purpurea extracts on a
eries of chemokines and cytokines in humans using an ex vivo
odel.
Clinical investigations have reported the immunomodulatory

ffects of extracts of (mainly) freshly harvested Echinacea pur-
urea: prolonged 14-day treatment with single daily doses has
n anti-inflammatory effect via regulation of TNF-�, interleukins,
eucocytes and hsp70 as well as via superinduction of superox-
de during some viral infections (i.e. common colds) (Randolph
t al., 2003; Woelkart et al., 2006; Goel et al., 2004, 2005; Guitto
t al., 2008; Agnew et al., 2005). Jurcic et al. (1989) observed
ncreased phagocytosis after oral administration of an alcoholic
xtract of Echinacea purpurea, with peak induction of 120% after

 days compared to placebo. Some preparations increased the
umber of leucocytes, neutrophils and monocytes, as well as the
ercentage of natural killer cells (Goel et al., 2005; Agnew et al.,
005); others induced no changes, and so the data remain incon-
lusive.

The trials cited above involved small cohorts and, in many cases,
nly single time point measurements i.e. before and after treat-
ent with Echinacea.  Some studies investigated isolated immune
ediators in serum, while others employed ex vivo stimulation

rotocols to investigate the effects of Echinacea on immune cell
esponse.

The aim of this study was to investigate the effects of repeated
aily doses of a commercial Echinacea extract, Echinaforce®, on
he production of several immune mediators in a heterogeneous
roup of subjects using an ex vivo stimulation model. Adapted
ffects were also observed in a subanalysis of subjects with a
igher susceptibility to colds and exposure to stress and who were
lassified as either “strong” or “weak” immune producers based
n their production of immune mediators. Sampling time points,
utritional and stress status and the presence of infections and
dverse events were taken into account when assessing the effects
f Echinaforce®.

aterials and methods

tudy design and patients

After study approval (Eudract number 2005-004013-15) by the
ppropriate ethics committees (Bute Medical School, University of
t. Andrews and Fife and Forth Valley Local Research Ethics Com-
ittee, NHS Five) and by the Medicines and Healthcare Products

egulatory Agency (MHRA), healthy subjects (n = 30) were enrolled
n the study after providing written informed consent. The age
ange of the 12 women and 18 men  was 18–57 years, and each
eported ≥2 colds per year. The subjects were studied once dur-
ng a period of increased stress (during examinations) and again

 weeks after the stressful situation. The stress levels of the par-
icipants during these two periods were assessed by the perceived
tress score-10 questionnaire (PSS-10) (Cohen et al., 1983), which
akes into account live events and the ability to cope in the previous

 weeks. We  included subjects that were experiencing height-
ned stress in order to investigate the effects of Echinaforce® on

 population expected to have compromised immune responses.
ubjects were asked not to take any other medications or therapies,
o restrain from vigorous physical activity and to avoid excessive
rinking or smoking during the study periods. The time points for
isits were fixed at the hour of the first blood donation; a delay in

ubsequent visits of more than 1.5 h was considered a violation of
he protocol. A study diary was provided to each subject for record-
ng cold symptoms during the treatment periods. Compliance was

onitored throughout the study.
Echinacoside 6.9
Dodeca tetraene 35.9

Treatment

Echinaforce® is a hydro-alcoholic extract made from the freshly
harvested herbs and roots of Echinacea purpurea in a 95:5 ratio.
Batch 018451 was  tested for activity i.e. inhibition of LPS-induced
production of TNF-� in vitro in peripheral blood mononuclear cells
(PBMC) (data not shown). This preparation has been demonstrated
to be endotoxin-free and to contain alkylamides in bioavail-
able form with pharmacological activities (Gertsch et al., 2004;
Woelkart et al., 2006). The levels of several markers used to char-
acterize Echinacea preparations are shown in Table 1. Caffeic acid,
cynarin and polysaccharide were not detected in the preparation.
After two  days of baseline measurements, treatment commenced
with oral administration of 4 1-ml doses per day of Echinaforce®

for 5 days, increasing to 10 1-ml doses per day for 3 days. The study
thus lasted 10 days for each subject for each study period (i.e. the
stressful period and the non-stressful period). All subjects reported
to the study site daily during the study period for blood sampling
and to report potential adverse events.

Ex vivo stimulation

Within 15 min  of collection, blood samples were ex
vivo-stimulated with either Zymosan® – (333 �g/ml) or
LPS (lipopolysaccharide, variant O55:B5 from E. coli at
100 ng/ml)/super-antigen SEB (staphylococcal enterotoxin B
at 25 ng/ml) in pre-coated tubes for 24 h at 37 ◦C. After incubation,
the serum was separated from the sediment using a valve septum
(Instant Leukocyte Culture System, ILCS®, EDI GmbH, Reutlingen,
Germany) and stored at −20 ◦C until analysis. ILCS® was  developed
specifically to minimize variability in conventional leukocyte cell
cultures.

After stimulation with Zymosan®, blood samples were anal-
ysed for elastase and after stimulation by LPS/super-antigen SEB,
blood samples were analysed for interleukin-1�  (IL-1�), IL-6, IL-
8, IL-10, IL-12, macrophage chemotactic protein-1 (MCP-1), tumor
necrosis factor � (TNF-�)  and interferon-� (IFN-�). These analyses
were performed by EDI GmbH, an EN ISO 13485-certified facility
(11.2000).

Efficacy evaluation

The effects of Echinaforce® were expressed as cytokine produc-
tion during treatment/mean cytokine production on days 1 and 2
prior to Echinaforce® administration (baseline). The resulting stim-
ulation indices were analysed for statistical significance based on
a = 0.1 (*) or a = 0.05 (**). The effects are reported in the figures for
either individual days or for the whole treatment period, each rel-
ative to baseline levels. Only results obtained from subjects who
strictly adhered to the protocol were used for analysis (n = 28).

Wilcoxon tests for paired differences were used to detect overall
effects (entire study population), and Wilcoxon two-sample rank
sum tests were used to detect differences between subgroups, e.g.
adapted effects.
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Fig. 1. (a and b) Ex vivo-stimulated whole blood cultures from Echinaforce®-treated subjects (n = 28) show increased production of an anti-inflammatory protein, IL-10 (a),
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nd  the chemotactic mediators MCP-1 and IL-8 (b), with concomitant down-regul
aseline – are expressed for every day, as well as for the two treatment phases (“low
rror  of the means (SEM).

Cytokines and chemokines were analysed not only as isolated
arameters but also in groups regarding their respective actions
e.g. TNF-�, IL-1� and IL-10 levels for overall inflammatory induc-
ion or MCP-1 or IL-8 for chemotactic processes (Bry and Hallman,
991; Dinarello, 1997)). Effects on the whole population (overall
ffects) are given, but also on immunologically distinct groups of
ubjects, selected by immune performance, by stress levels and
y endogenous cortisol production (adapted effects in subgroups).
ue to complexity reasons we decided to leave out the discussion
f different dosing effects by the drug.

esults

A total of 30 subjects were included in the study. The mean
ge was 24.1 ± 11.7 years, the mean mass was 67.7 ± 13.8 kg, the
ean height was 171.4 ± 9.5 cm and the mean body mass index
as 23 ± 3.7. Results from 28 subjects were used in the per proto-

ol analysis: compliance could not be calculated in one subject, and
ne subject dropped out of the study due to difficulty in providing
lood samples.

Evaluation of individual stress levels showed a mean PSS-10
core of 19.1 ± 7.6 in the first period (during examinations) and

 mean PSS-10 score of 12.0 ± 5.0 in the second (low stress) period.
one of the subjects reported cold symptoms over the entire treat-
ent period. There were also no significant or clinically relevant

hanges in the differential cell blood counts during the treatment
eriod.

verall effects (whole group)

The synergistically acting, pro-inflammatory cytokines IL-1�
nd TNF-� were reduced by up to 24% (p < 0.05) with concomitant
ugmentation of the anti-inflammatory factor IL-10 in compari-
on to the respective baseline values (13%, p < 0.05). Qualitative
ntegration of these events revealed that Echinaforce® had an anti-
nflammatory effect, although the contributions of single cytokines

ere small (overall inflammatory induction; Fig. 1).
A similar effect was noted for the production of IL-8 and MCP-
. Both were weakly up-regulated in parallel by ∼15%, but when
ombined these factors showed significant induction in terms
f chemotactic parameters. Fig. 1 illustrates the pharmacody-
amic effects on inflammatory and chemotactic processes during
of pro-inflammatory TNF-� and IL-1�. Effects of Echinaforce® – in comparison to
“high”) and the whole treatment period (“overall”). Error bars indicate the standard

Echinaforce® treatment. Analysis of all subjects revealed trends for
elastase and IL-6, but the trends did not appear to be biologically
relevant (data not shown).

Adapted effects (subgroups)

Evaluation of the whole group (overall effects) demonstrated
relatively small changes in individual chemokine and cytokine
levels that, taken together (related cytokines), had a biologically
important effect on the immune system. To identify the adapted
effects related to Echinaforce® treatment, subjects were classified
into two  subgroups, “strong” and “weak” producers, according to
cytokine production at baseline.

Data from 8 strong producers i.e. subjects with high constitutive
cytokine production, were compared to data from weak producers
in order to evaluate the immune system response to Echinaforce®

treatment in these subgroups. Echinaforce® extract induced ini-
tially low IFN-�, IL-8, IL-10 and MCP-1 production by 18%, 35%,
28% and 49%, respectively [expressed as average induction for the
whole treatment period (p < 0.05)]. In strong producers, there were
no changes in these immune mediators during Echinaforce® treat-
ment (Fig. 2). In contrast, initially high levels of TNF-� and IL-1�
decreased with Echinaforce® treatment, starting on the very first
day (Fig. 3).

Adapted effects were also apparent when participants were
classified based on their self-reported susceptibility to cold infec-
tions and their PSS-10 stress levels, accounting for the negative
impact of the latter on the performance of the immune system.

When subjects were treated with Echinaforce® during a stress-
ful period (the first part of the study; during examinations), there
was  a significant increase in IFN-� of over 25%, with peak induction
of 50% (p < 0.05) after one day of high-dose treatment and subse-
quent decrease to baseline on the last day of treatment. This effect
was  not observed in volunteers whose perceived stress (PSS-10)
dropped by more than 5 points in the second part of the study
(treatment during a non-stressful time) (Fig. 4). The same induc-
tion on IFN-� was  noted in subjects who  reported having more
than 2 colds per year i.e. who  had greater susceptibility to infections

leading to the common cold (data not shown).

Safety was  assessed by adverse events reporting and by other
laboratory measurements. Specifically, a differential blood cell
count was  measured on 4 days under treatment and was compared
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Fig. 2. (a–c) Cytokine levels prior to treatment with Echinaforce® were used to classify subjects as “strong” from “weak” producers as a measure of immune system
performance. IFN-�, IL-8, IL-10 and MCP-1 were clearly up-regulated by Echinaforce® treatment in weak producers (solid red line). Despite considerable variation in data
(SEM),  the increases in all four factors were statistically significant. The response in subjects who showed high cytokine production at baseline remained unaffected (dashed
blue  line). Echinaforce® therefore showed immunomodulatory action. (For interpretation of the references to color in this figure legend, the reader is referred to the web
version  of the article.)
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Fig. 3. TNF-� decreased during Echinaforce® treatment in strong producers,
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erences to color in this figure legend, the reader is referred to the web version of the
article.)

S
tim

ul
at

io
n 

in
de

x

* *
* * * *

phase 1  (N =   7 )
phase 2  (N =   7 )

3-107-103-61098654321

0.
25

0.
50

0.
75

1.
00

1.
25

1.
50

1.
75

Day

Low doseBaseline High dose Low High Overall

Stimulation index of IFNg 
 by subjects in both study phases (PSS change >= 5)

mean and standard error

Wilcoxon
between

*  P<0.10
** P<0.05

Fig. 4. IFN-� was induced rapidly by Echinaforce® treatment and returned to base-
line  production at the end of the high-dose treatment. This was observed only in
subjects with increased stress or higher susceptibility to cold infections.



8 medic

t
v
E
l
n
t
t
c
w
m
1
n
a

D

r
i
I
i
e
i
t
(

t
t
w
s
O
c
b
s
w
i
i

v
i
(
C
t
o
1
r

w
t
d
j
w
a
j
E

u
u
1
t
e
e
a
(
a

30 M.R. Ritchie et al. / Phyto

o the values obtained before treatment (baseline). When baseline
alues were compared to those obtained during low- or high-dose
chinaforce® treatment, there were no changes in haemoglobin
evels, haematocrit, erythrocytes, MCV, MCH, MCHC, leukocytes,
eutrophils, lymphocytes, monocytes, eosinophils, basophils and
hrombocytes. The metabolic markers GGT, bilirubin, creatinine,
otal cholesterol, HDL cholesterol and the total cholesterol:HDL
holesterol ratio remained stable during Echinaforce® treatment,
ith no clinically relevant changes. During Echinaforce® treat-
ent, the mean C-reactive protein (CRP) level decreased from

5.50 ± 15.13 g/l at baseline to 7.10 ± 3.28 g/l. However, this did
ot reach statistical significance. No adverse events were observed
side from reddening of the skin at the puncture site.

iscussion

Cytokines and chemokines play critical roles in the immune
esponse and contribute to symptoms during respiratory tract
llness. Local production of immune mediators like IL-1�, IL-6,
L-8 and TNF-� increases during the common cold and during
nfluenza infections in normal and asthmatic subjects (de Kluijver
t al., 2003). Modulation of these mediators and of leukocyte activ-
ty might represent an effective strategy for the prevention and
reatment of respiratory tract diseases and their consequences
Johnston, 1997).

The current study investigated a series of immune mediators
hat act specifically at different levels of the immune defence. Elas-
ase, IL-1�, IL-6, IL-8, IL-10, IL-12, MCP-1, TNF-� and IFN-� levels
ere measured under highly controlled conditions after ex vivo

timulation of whole blood from Echinaforce®-treated subjects.
verall, 8 days of treatment with Echinaforce® resulted in small but
onsistent effects on individual immune mediators that, in com-
ination, resulted in biologically relevant effects on the immune
ystem. Interestingly, IL-1� and TNF-� were both down-regulated,
hile IL-10 levels increased. The inverse regulation of pro- and anti-

nflammatory cytokines clearly indicated an overall inhibition of
nflammatory processes by Echinaforce®.

These results are in agreement with previous in vitro and in
ivo studies that showed down-regulation of TNF-� plus parallel
nduction of IL-10 after exposure to Echinaforce® and other extracts
Gertsch et al., 2004; Randolph et al., 2003; Woelkart et al., 2006;
hicca et al., 2009; Kim et al., 2002). Since IL-10 is under the con-
rol of TNF-�, effects on IL-10 may  be directly due to the effects
f Echinaforce® or be caused indirectly by down-regulation of IL-
� and TNF-�. However, the rapid changes in IL-10 production in
esponse to Echinaforce® suggest a direct effect.

Intriguingly, the effects of Echinaforce® on IL-1� and TNF-�
ere more pronounced when subjects were analysed according

o their endogenous cortisol levels. The IL-1� and TNF-� levels
ecreased by up to 32% compared to baseline (p < 0.05) in sub-

ects with lower levels of cortisol (≤350 nmol/l, n = 11). The same
as observed for IL-6 and IL-12 levels, which were not significantly

ltered in the whole population (data not shown). In contrast, sub-
ects with cortisol levels >350 nmol/l (n = 17) were not affected by
chinaforce®.

The acute-phase proteins IL-1�, IL-6 and TNF-� are upreg-
lated early in rhinovirus infection, and their production likely
nderlies the clinical manifestation of cold infections (Johnston,
997; Subauste et al., 1995; Terajima et al., 1997). These pro-
eins make epithelial cells susceptible to viral infection (Subauste
t al., 1995) and are associated with rhinovirus-induced asthma

xacerbation and airway hyperreactivity. IL-6, TNF-� and IL-1�
re regulated directly by cortisol levels during viral infection
Dobbs et al. 1996). Echinaforce® therefore appears both to directly
nd indirectly reduce inflammation associated with viral infec-
ine 18 (2011) 826– 831

tions, which might in turn ameliorate the inflammation-induced
development of cold symptoms during acute phases of infection
(Johnston, 1997; Gentile et al., 2003; Hakonarson et al., 1995). Thus,
cortisol-dependent inhibition of acute-phase proteins reflects the
specific effects of Echinaforce® in subjects with low endogenous
production of anti-inflammatory control.

Substantial up-regulation of chemokines during Echinaforce®

treatment was observed in the whole group. Increased chemokine
production may  have beneficial effects on respiratory infections
by increasing the ability of peripheral lymphocytes to infiltrate
the infected tissue (Subauste et al., 1995; Noah and Becker, 1993;
Larsen et al., 1989). Neutrophils and macrophages are involved
in localized immune reactions to respiratory viruses in the nasal
lumen (Levandowski et al., 1988; Teran et al., 1997).

The results of the present study contradict some studies that
reported that Echinaforce® potently blocks production of IL-8 by
airway epithelial cells upon viral induction (Sharma et al., 2008);
however, the results of the current study are in agreement with
previous findings that Echinaforce® super-induces the production
of IL-8 in systemic peripheral blood monocytes (unpublished data).
We surmise that Echinaforce® increases migration of systemic leu-
cocytes to the site of infection but blocks epithelial cell production
of IL-8 that is associated with cold symptoms.

Since viruses are intracellular, an efficacious cellular immune
reaction is essential for pathogen clearance. IFN-� is a potent acti-
vator of macrophages, NK cell function and antigen-specific B-cell
proliferation. In addition, IFN-� shifts the immune reaction towards
a Th1 response, which is crucial in overcoming viral infections
(Romagnani, 1992). In the present study, marked up-regulation
of IFN-� by Echinaforce® was  noted in weak cytokine produc-
ers, in subjects after a period of increased stress, and in subjects
with an increased susceptibility to cold infections. The result that
Echinacea induces IFN-� is not new, but it has previously been
observed only in vitro and in mice fed Echinacea over a 3-week
period (Mishima et al., 2004; Hayashi et al., 2001). Glaser et al.
(1986) found that increased stress is associated with decreased pro-
duction of IFN-� and a decline in NK cells and T lymphocyte activity
in students during final examinations. Furthermore, stress induces
a shift from Th1 towards Th2 immune responses, which would
negatively affect the clearance of viral infections (Kiecolt-Glaser
et al., 1995; Mittwoch-Jaffe et al., 1995). The beneficial effects of
Echinacea on the production of IFN-�, which strengthens anti-viral
defences, could explain its traditional use, especially by people with
increased susceptibility to infection and for recurrent infections.

The differential blood cell count during treatment with
Echinaforce® did not differ from baseline measurements. This was
also observed in a previous study in which Echinaforce® was
administered to 80 subjects over a two-month period (Schoop et al.,
2006b). We therefore assume that the effects of Echinaforce® on
cytokine level resulted from changes in activity rather than changes
in the number of blood cells (i.e. leukocytes, granulocytes or lym-
phocytes).

The results of the current study have implications for the clin-
ical use of Echinaforce®. We  hypothesize that Echinaforce® exerts
adapted immune-modulatory effects by inducing chemotaxis and
by inducing anti-viral and anti-inflammatory effects, especially (or
even primarily) in subjects who  are immunologically vulnerable. In
addition, Echinaforce® acts specifically on pro-inflammatory pro-
teins such as TNF-� by inhibiting excessive production. During this
study, no cold symptoms were reported by the subjects, illustrating
on a macroscopic level the cellular effects of Echinaforce® on the
immune system.
In conclusion, we hypothesize that the efficacy of Echinaforce®

in prevention and treatment of cold and influenzal infections is the
result of its ability to reduce inflammatory processes, to increase
leukocyte chemotaxis to the site of infection and to activate antivi-
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