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ABSTRACT

A standardized elderberry extract, Sambucol® (SAM), reduced hemagglutination and inhib-
ited replication of human influenza viruses type A/Shangdong 9/93 (H3N2), A/Beijing 32/92
(H3N2), A/Texas 36/91 (HIN1), A/Singapore 6/86 (H1N1), type B/Panama 45/90, B/Yamagata
16/88, B/Ann Arbor 1/86, and of animal strains from Northern European swine and turkeys,
A/Sw/Ger 2/81, A/Tur/Ger 3/91, and A/Sw/Ger 8533/91 in Madin-Darby canine kidney cells.
A placebo-controlled, double blind study was carried out on a group of individuals living in
an agricultural community (kibbutz) during an outbreak of influenza B/Panama in 1993. Fever,
feeling of improvement, and complete cure were recorded during 6 days. Sera obtained in the
acute and convalescent phases were tested for the presence of antibodies to influenza A, B,
respiratory syncytial, and adenoviruses. Convalescent phase serologies showed higher mean
and mean geometric hemagglutination inhibition (HI) titers to influenza B in the group treated
with SAM than in the control group. A significant improvement of the symptoms, including
fever, was seen in 93.3% of the cases in the SAM-treated group within 2 days, whereas in the
control group 91.7% of the patients showed an improvement within 6 days (p < 0.001). A com-
plete cure was achieved within 2 to 3 days in nearly 90% of the SAM-treated group and within
at least 6 days in the placebo group (p < 0.001). No satisfactory medication to cure influenza
type A and B is available. Considering the efficacy of the extract in vitro on all strains of in-
fluenza virus tested, the clinical results, its low cost, and absence of side-effects, this prepa-
ration could offer a possibility for safe treatment for influenza A and B.

INTRODUCTION Amantadine and rimantadine were shown to

be mainly effective in the prevention of in-

Influenza virus A or B causes an acute, febrile  fluenza A (Younkin et al., 1983; Reuman et al.,
illness that occurs in outbreaks of varying 1989; Brady et al., 1990). They inhibit influenza
severity almost every winter. B in vitro at such high concentration that can-
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not be achieved in patients (Douglas, 1990).
Besides the high cost of these products they
elicit side effects, especially in elderly people
(Stange et al., 1991). Moreover, it has been re-
ported that mutations in the influenza M2
membrane protein confer resistance to aman-
tadine (Grambas et al., 1992). Rimantadine-re-
sistant influenza A strains appeared during
therapeutic use of this product as early as 2
days after starting treatment (Hayden et al.,
1989, 1991). This could lead to rapid selection
and transmission of drug-resistant influenza A
viruses. Ribavirin is effective against type A
and B viruses, but only when given in aerosol.
This mode of administration is difficult in in-
fluenza patients suffering from respiratory dis-
eases and is an expensive and cumbersome
mode of therapy (Gilbert et al., 1986).

The black elder had been used in the folk
medicine for its properties against influenza.
Therapeutic indications of the elder flowers are
influenzal colds and sinusitis (British Herbal
Pharmacopoeia, 1983). Antiviral activity of the
infusion of three plants including the elder has
been reported against influenza and herpes
(Serkedjieva et al., 1990).

A standardized extract, Sambucol® (SAM),
1s a preparation based on the berries of the
black elder, used as herbal remedy against in-
fluenza virus infections. It contains a high
amount of three flavonoids (Bronnum-Hansen
and Hansen, 1983). The flavonoids are natu-
rally occurring plant substances. Numerous
reports have been published on the antiviral
activity of polyphenols such as the flavo
noids, flavonols, and flavones. Antiviral ac-
tivity against herpes virus type 1, respiratory
syncytial, parainfluenza, and influenza viruses
was demonstrated using several plant ex-
tracts containing flavonoids or purified flavo-
noids (Amoros et al, 1992; Serkedjieva et
al., 1992; Nagai et al., 1990; Mahmood et al.,
1993).

The aim of this study was to test this extract
for its antiviral properties under in vitro condi-
tions in cell cultures infected by several human
strains of type A and B and animal influenza
viruses. In addition, its ability to reduce the du-
ration of the illness caused by influenza viruses
was tested in a double-blind clinical placebo-
controlled, randomized study carried out in a
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group of normally healthy population that was
not previously vaccinated against flu.

MATERIALS AND METHODS

In vitro tests

Cells. Madin-Darby canine kidney (MDCK)
cells were grown in RPMI 1640 medium con-
taining 10% inactivated fetal calf serum (FCS),
penicillin G (100 units/ml), and streptomycin
(100 ng/ml). The cells were maintained in a hu-
midified atmosphere containing 5% CO, at
37°C. For assays, 2 X 10° cells per well were
plated in 24-well plastic culture plates (Nunc,
Roskilde, Denmark) and used when confluent
monolayers were formed.

Influenza  viruses. ~A/Shangdong 9/93
(H3N2), A/Texas 36/91 (HIN1), A/Beijing
32/92 (H3N2), A/Singapore 6/86 (HIN1),
B/Panama 45/90, B/Yamagata 16/88, and
B/Ann Arbor 1/86 were obtained from Dr. ] M.
Wood (National Institute of Biological Stand-
ards and Control, Potter Bar, Hertfordshire,
UK).

HINT strains from northern European pigs
and turkeys, A/Sw/Ger 2/81, A/Tur/Ger
3/91, and A/Sw/Ger 8533/91 were obtained
from Prof. C. Scholtissek (Institute of Virology,
University of Giessen, Germany). The viruses
were grown in allantoic sacs of 10-day-old em-
bryonated eggs for 48 h at 34°C. The allantoic
fluid was harvested, clarified at 2000 rpm 10
min, and the supernatant was stored in small
portions at —70°C.

The viruses were titrated on MDCK cultures
in the absence of trypsin to receive a limited
number of virus replication cycles (Tobita et al.,
1975). The final dilution of the virus that gave
a complete cytopathic effect (CPE) was used to
test the protective effect of Sambucol® as well
as higher concentrations in some cases. The
number of TCIDs; inhibited by the elderberry

extract was calculated from the titer in the
MDCK.

Black elderberry extract. Sambucol® (Razei Bar
Ltd, Jerusalem) is a syrup containing elder-

be'rry juice, raspberry extract, glucose, citric
acid, and honey. For the in vitro studies,
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Sambucol D®, a formulation without glucose
and honey, was used. Flavonoids are measured
by their absorbance at 516 nm (not less than
0.60). The extract diluted in phosphate-
buffered saline (PBS) at 1:8 has a pH of 4.9.
Therefore, the virus controls were performed
at the same pH. Dilutions lower than 1:8 were
not tested for studies in tissue culture because
of their low pH. In the hemagglutination re-
duction test, the extract could be used at a di-
lution of 1:4 as well.

Hemagglutination test of the viruses. The
hemagglutinin titration was effected using
modified standard procedures. For this pur-
pose, 0.1 ml of 2-fold dilutions of each of the
viruses suspensions in PBS was mixed with 0.1
ml of a 1% sheep red blood cell (SRBC) sus-
pension.

Hemagglutination reduction using SAM. Virus
suspensions [8 hemagglutination units (HAU)
in 0.1 ml] were incubated with an equal volume
of 2-fold dilutions of SAM at room temperature
for 1 h or overnight at 4°C. After incubation, 50
ul of a 2% SRBC suspension was added. In
other experiments, equal volumes of virus sus-
pensions (32-64 HAU) and SAM (final dilution
1:8) were incubated overnight at 4°C. An SRBC
suspension was added to 2-fold dilutions (0.1
ml) of each virus incubated as above with SAM.
Reduction of the hemagglutination titer was as-
sessed by comparison with controls.

Inhibition of infectivity. Titration of the
viruses: Confluent monolayers of MDCK cells
were infected with influenza viruses at differ-
ent multiplicity of infection, in 0.2 ml PBS (pH
7.4). Following 30 min adsorption, 1 ml serum-
free RPMI medium was added and the cultures
were further incubated at least for 48 h or un-
til complete lysis was observed in the virus con-
trol wells. The final dilution that gave a com-
plete lysis was determined.

Inhibition assay: The viruses [at a final con-
centration producing 100% CPE (2 TCIDsp) and
in some cases at higher dilutions] were incu-
bated at room temperature with various con-
centrations of SAM 15 min before infection of
the cells. The experiments for each virus were
performed on triplicate samples and were re-
peated four times. The number of TCIDsy in-
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hibited by SAM was calculated from the titer
determined as above. Evidence of cytopathic
effect was shown by staining the plates. The
plates were washed with PBS to eliminate the
dead cells and stained with Giemsa solution af-
ter fixation in cold methanol.

Clinical study design

A double-blind study on 40 individuals liv-
ing in an agricultural community (kibbutz) in
Southern Israel and visiting the dispensary was
carried out. Before inclusion in the study, a de-
scription of the objectives, procedures, and
benefits of participation was given to each pa-
tient, and a written informed consent was ob-
tained from him or her. Bottles identical in ap-
pearance containing experimental medication
or placebo were assigned numbers from a pre-
determined list kept in a sealed envelope,
which resulted in random distribution. On the
first visit to the dispensary patients received
one bottle with the next number in sequence.

Study group. Patients who were admitted to
the study had at least three of the following
symptoms of less than 24 h duration: fever
>38°C, myalgia, nasal discharge, and cough. In
the presence of streptococcus A (tested with
Biosign strep. A, Princetown Biomeditech
Corp., Princeton, NJ), patients with a sore
throat were excluded from the study. None of
the patients had been vaccinated against in-
fluenza.

Treatment. Children received two, and adults
four tablespoons of either SAM or its placebo
daily for 3 days.

Follow-up of the patients was performed by
recording over a period of 6 days the presence
of the following symptoms: fever, rhinitis with
flow (thick, liquid, frequent, rare), headache,
pharyngitis, cough, malaise, fatigue, and myal-
gia. Feelings of improvement or complete cure
were also noted.

Serological studies. Samples of sera were ob-
tained from the patients on their first visit to
the dispensary and in the convalescent phase.
The sera were tested for the presence of anti-
bodies to influenza A and B by two indepen-
dent tests. Antibodies to RSV and adenoviruses
were tested by complement fixation test.
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Complement fixation test (CFT). A mi-
cromethod technique of CFT was used as de-
scribed by Taylor et al. (1970). Antigens were
extracted as follows: RSV and adenovirus anti-
gens from human kidney infected cells and
influenza A and B from chorioallantoic
membranes of 10-day-old embryonated eggs
inoculated with influenza A and B.

Antibody titers were determined as the high-
est dilution giving maximum 50% hemolysis.
A 4-fold and over increase in antibody titer be-
tween the first and the second sample was in-
dicative of active infection.

Hemagglutination Inhibition Test (HI). Hl is a
subtype-specific serological test. Antibodies
were evaluated using a known concentration
of hemagglutinin and a chicken red blood cell
suspension. The following influenza antigens
were provided by the WHO collaborating
Influenza Center, London: A/Taiwan/1/86,
A/Beijing/353/89, B/Victoria/2/87, and
B/Panama/45/90. Sera were treated to remove
nonspecific inhibitors by receptor destroying
enzyme (provided by the WHO collaborating
Influenza Center, London) and by heat (56°C,
30 min). The test was performed by microtiter
method using four units of antigen. The HI titer
of each serum was the highest dilution causing
a complete inhibition of agglutination.

Statistical Analysis. The Fisher exact test was
used to test for a difference between the treated
group and the control group. An odds ratio was
used as a summary measure.

RESULTS

Inhibition of virus hemagglutination

Short incubation (1 h) of 8 HAU of influenza
virus with SAM at the dilution of 1:4 inhibited
hemagglutination for A/Beijing 32/92 (H3N2),
A/Singapore 6/86 (HIN1), B/Panama 45/90,
and B/Yamagata 16/88. Higher dilutions of
SAM (1:8 to 1:16) inhibited hemagglutination
when the duration of the incubation with the
extract was increased to 16 h.

In other experiments, the viruses were incu-
bated overnight with SAM at the final dilution
of 1:8. Hemagglutination titer of the viruses
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was reduced 4-fold for A/Beijing, 16-fold for
A/Singapore, and 8-fold for B/Panama and
B/Yamagata strains.

The hemagglutination titer of the viruses was
not affected when using SRBC previously in-
cubated for 16 h with SAM.

Antiinfluenza virus activity of the elderberry
extract in cell cultures

The effect of SAM on replication of influenza
viruses was studied on human influenza
viruses type A/Shangdong 9/93 (H3N2),
A/Texas 36/91 (HIN1), A/Beijing 32/92
(H3N2), A/Singapore 6/86 (HIN1), type B/
Panama 45/90, B/Yamagata 16/88, B/Ann
Arbor 1/86, and on new animal strains from
northern European swine and turkeys,
A/Sw/Ger 2/81, A/Tur/Ger 3/91, and
A/Sw/Ger 8533/91. The inhibition of replica-
tion of these strains was observed when the
virus inoculum was left in contact with the el-
derberry extract before infecting the cell cul-
tures. This inhibition was dose-dependent.
SAM completely inhibited viral CPE at the di-
lution of 1:8 [final dilution during incubation
with the virus was 1:16 and approximately 1%
(1:96) in the culture medium]. SAM at initial di-
lution of 1:16 (final concentration in culture
medium 0.5%) could only partially inhibit the
cytopathic effect produced by the viruses at the
same concentration. The number of TCIDsg in-
hibited by SAM is shown for each strain in
Table 1.

No changes were observed in cell controls in
the presence of SAM, undiluted and at differ-
ent dilutions in the same conditions of the ex-
periment.

Clinical study

Before the beginning of the study, SAM was
tested for the absence of side-effects on 35
healthy individuals from Jerusalem who re-
ceived 4 tablespoons daily for 3 days. No side-
effects were recorded.

The symptoms of the patients that were ob-
served during the first visit to the dispensary
are summarized in Table 2. Headache, myal-
gia, fever, malaise, fatigue, and rhinitis were
uniform complaints and, more rarely, cough.

In the treatment group 5 out of 20 patients
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TaBLE 1. INHIBITION OF INFECTIVITY OF INFLUENZA VIRUS
STRAINS BY SaMBUCOL® (SAM)
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TABLE 3. AGE, SEX, AND VIRAL INFECTIONS IN THE
TreaTED AND CoNTROL GROUP

Number of TCIDsy
of virus inhibited
dilution of SAM

Strain 1.8 1:16
A/Beijing 32/92 H3N2 40 40
A/Shangdong 9/93 H3N2 40 ND
A/Singapore 6/86 HIN1 4 ND
A/Texas 36/91 HIN1 2 ND
B/Panama 45/90 2 ND
B/Yamagata 16/88 20 10
B/Ann Arbor 1/86 7 35
A/Sw/Ger 2/81 HiN1 8 4
A/Tur/Ger 3/91 HIN1 2 1
A/Sw/ /Ger 8533/91 HIN1 8 2

and in the control group 8 out of 20 patients
were excluded from the study due to inconsis-
tence of the treatment or visits to the physician,
medication with antibiotics due to streptococ-
cal infection and tonsillitis, or because they
were negative in all virological tests. The de-
tails of the 27 patients are given in Table 3. The
age of the patients was 5 to 50 years (mean 23.5)
in the group treated with SAM and 7-56 years
(mean 19.4, median 12) in the placebo group.
The male:female ratio was 9:6 in the SAM
group and 9:3 in the placebo group.

In the group treated with SAM, convales-
cent-phase serologies showed a mean HI anti-
body titer of 201 to influenza B Panama/45/90
in 13 out of 15 cases and at least a 4-fold titer
rise in the complement fixation test (Figs. 1 and
2). One patient was found positive to RSV and
another one positive to both RSV and aden-
ovirus. In the placebo group, convalescent-
phase serologies showed a mean HI antibody
titer of 171 to influenza B/Panama/45/90 in 10

TaBLE 2. DISTRIBUTION OF SYMPTOMS AMONG 27 PATIENTS
INCLUDED IN THE STUDY

Symptoms % of cases
Headache 100
Fever 96.3
Fatigue 88.9
Rhinitis 85.2
Pharyngitis 74.0
Myalgia 51.8
Cough 185

Sambucol® Placebo
Total in group 15 12
Males:females 9:6 9:3
Age (years) 5-50 7-56
Influenza B 13 10
Influenza A — 2
RSV 1 —
Adeno/RSV 1 —_

out of 12 cases (one of them was also positive
to RSV). Although the differences between the
antibody titers in the two groups were not sig-
nificant, a clear trend in favor of the group
treated with the extract was noted. The geo-
metric mean HI titers were 154.88 in the SAM
treated group and 109.06 in the control group.
Two patients had serologic evidence of in-
fluenza A together with antibodies to influ-
enza B.

Persistence of the symptoms was checked for
6 days after the onset of the treatment. The
fever persisted for 4 days in the treatment
group, and at least 6 days in the placebo group
(Fig. 3). Mean numbers of days with fever were
2.36 = 0.9 in the SAM group and 3.33 = 1.5 in
the placebo group. The odds for having less
than 5 days of fever in the treated group were
21.3 times the odds in the control (p < 0.01).

Improvement of the symptoms was recorded
daily (Fig. 4). In the group treated with SAM,
improvement was noted in 20% of the cases one
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FIG. 1. Influenza B/Panama/45/90 antibody titers in
acute and convalescent phase sera measured by the
hemagglutination-inhibition test (HI).
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FIG. 2. Influenza B antibody titers in acute and conva-

lescent phase sera measured by the complement fixation
test (CF).

day after onset of the treatment, in 73.3% after
2 days, and in the remaining 6.7% after 3 days,
compared to 8.3, 16.7, and 33.3% 1, 2, and 3
days, respectively, after onset of the treatment
in the control group. In the placebo control
group, improvement was recorded for more
than 5 days. The odds for improvement before
the fifth day in the treated group are 22.7 times
the odds in the control group (p < 0.001).
Complete cure was observed after 2 days in
40% of patients treated with SAM and 16.7%
treated with placebo. After 3 days complete
cure was achieved in additional 46.7% (86.7%
total) of patients who received SAM and 16.7%
(33.4% total) in those who received placebo.
After 4 days the rate of cure was 13.3% in the
SAM group and 16.7% in the control groups.
In the placebo group, complete cure was ob-
tained after 5 days in 41.7% of the patients, and
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FIG. 3. Duration of fever in group treated with elder-

berry extract and control patients.
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IMPROVEMENT
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FIG.4. Percentage of elderberry extract treated and con-
trol patients who showed improvement in their symp-
toms.

more than 5 days in 8.3% (Fig. 5). Mean dura-
tion of illness was 2.7 days in the SAM group
and 4 days in the placebo group. The odds for
complete cure before the fifth day in the treated
group were 31.1 times the odds in the control
group (p < 0.001).

DISCUSSION

The antiviral activity of SAM was demon-
strated by in vitro studies, showing its ability
to inhibit the hemagglutinin of several strains
of influenza viruses type A and B. However,
SRBC incubated with SAM were agglutinated

COMPLETE CURE
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FIG.5. Percentage of elderberry extract treated and con-
trol patients completely cured of flu.



ELDERBERRY EXTRACT INHIBITS INFLUENZA VIRUS

by influenza viruses, suggesting that the extract
inhibits the hemagglutinin of the viruses by
binding to the virus itself and does not inter-
fere with the glycoconjugate receptor on the
erythrocytes. Moreover, the replication of hu-
man influenza viruses type A and B, including
the strains (Shangdong, Singapore, Panama) of
the vaccine proposed for the winter 94/95 as
well of new strains of animal influenza viruses
from turkey and swine, could be prevented in
cell cultures by previous incubation of the virus
inoculum with SAM. To avoid any nonspecific
interaction due to its low pH, SAM was used
in most of the experiments at the dilution of
1:8. It could be assumed that SAM at higher
concentrations would have been an even more
potent inhibitor. To remove any doubt on the
efficacy of the pure elderberry extract itself, a
number of experiments were performed with
this extract alone, e.g., without the presence of
additives such as citric acid. Influenza A and B
viruses express two envelope glycoproteins:
hemagglutinin and neuraminidase. The hem-
agglutinin is known to mediate the attachment
of the virus to the host cells via sialic acid
residue in glycoconjugate receptors and the
subsequent fusion of viral and host cell mem-
branes (Wieley and Skehel, 1987). The sialidase
catalyzes cleavage of terminal sialic acid
residue from the sialoconjugate receptors
(Gottschalk et al., 1972). It can be assumed that
the inhibitory effect on influenza virus in tis-
sue culture is mediated by inactivation of viral
glycoproteins, which prevent the initial stage
of reproduction. The inhibition of the hemag-
glutinin was clearly demonstrated. The pres-
ence of flavonoids (Bronnum-Hansen and
Hansen, 1983) in SAM could be responsible for
blocking of the virus sialidase since flavonoids
are known to have potent antiinfluenza activ-
ity. Further experiments are underway to test
this hypothesis and preliminary results indi-
cated that SAM may partially block the siali-
dase of influenza viruses.

Influenza vaccine is useful for prophylaxis of
influenza virus infection, but antigenicity of in-
fluenza viruses is often alterable by antigenic
shift and antigenic drift on their two antigens,
hemagglutinin and neuraminidase. In this
study we have shown that SAM inhibits the
hemagglutinin of all strains of influenza
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viruses tested. Moreover, fresh pandemic may
come from an influenza virus that infects ani-
mals but also infects humans under favorable
conditions. Data have accumulated that indi-
cate that genetic reassortment occurs in vivo in
mixed infections in swine and turkeys. They
may also arise from a hybridization of an ani-
mal strain and a human strain. Mutant type A
swine flu viruses may have been responsible
for the widespread epidemics in 1918 and 1957
(Scholtissek et al., 1978; Hinshaw et al., 1978;
Kilbourne et al.,, 1971; Webster et al., 1973).
SAM was shown to inhibit strains isolated from
turkeys and swine that under favorable cir-
cumstances could produce such pandemic epi-
demics to which people lack immunity. The
eventuality of a new pandemic has been raised
lately and seems quite likely (Hannoun, 1994).

The antiviral properties of SAM were further
tested in a double-blind, placebo-controlled
study. The comparison of 15 patients who re-
ceived SAM with 12 patients who received a
placebo showed that in the treatment group a
significant improvement of the symptoms of
flu, including fever, was seen in 93.3% of the
cases within 2 days. In the control group 91.7%
of the patients showed an improvement within
6 days. A complete cure was achieved within
2 to 3 days in nearly 90% of the group treated
with SAM and within at least 6 days in the
placebo group (p < 0.001).

Most of the patients showed laboratory doc-
umented influenza B infection. In the control
group, the two patients who showed evidence
for influenza A had also antibodies to influenza
B. This could be the result of a heterotypic an-
tibody response to influenza A as reported in
25% persons infected with influenza B (WHO,
1991-1992). Convalescent-phase serologies
showed higher mean and geometric mean HI
antibody titer to influenza B in the elderberry
extract group. Administration of SAM seems to
enhance the immune response, whereas aman-
tadine suppresses the serologic response to in-
fluenza A (Reuman et al., 1989).

These preliminary results should be con-
firmed by a study on a larger number of pa-
tients, which should also include more in-
fluenza A-infected individuals. Although the
laboratory data documented the diagnosis of
influenza, it would be of interest to isolate the
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virus in the nasal and throat secretions of the
patients. Treatment with SAM could result in
a decrease of transmissibility of influenza
viruses, resulting in fewer secondary cases of
infection in communities such as the homes for
the elderly, army camps, and university resi-
dences.

Vaccination with influenza B induces a poor
antibody response, particularly in elderly pa-
tients, since influenza B is less immunogenic
(Peters etal., 1988). In the absence of any proper
medication against influenza B virus, and con-
sidering the efficacy of the Sambucol® against
all strains tested and its absence of side effects,
this preparation could offer a possibility for a
safe treatment for influenza, and especially in
the eventuality of a new pandemic.

ACKNOWLEDGMENTS

We thank Mrs. M. Horowitz, head nurse of
kibbutz Kfar Aza, and her staff for their help
in the organization of this study. We also thank
the members of the kibbutz for their collabora-
tion.

REFERENCES

Amoros M, Simoes CM, Girre L, Sauvager F, Cormier M.
Synergistic effect of flavones and flavonols against her-
pes simplex virus type 1 in cell culture. Comparison
with the antiviral activity of propolis. [_Nat_Prod
1992;55:1732-1740.

Brady MT, Sears SD, Pacini DL, Samorodin R,
DePamphilis ], Oakes M, Soo W, Clements ML. Safety
and prophylactic efficacy of low-dose rimantadine in
adults during an influenza A epidemic. Antimicrob
Agents. Chemather 1990;34:1633-1636.

British Herbal Pharmacopoeia. British Herbal Medicine
Association, West Yorks, 1983;186-187.

Bronnum-Hansen K, Hansen SH. High-performance lig-
uid chromatographic separation of anthocyanins of
Sambucus nigra L. LChromatogr 1983;262:385-392.

Douglas RG. Prophylaxis and treatment of influenza. N
Engl [ Med 1990;322:443-450.

Gilbert BE, Wilson SZ, Knight V. Ribavirin aerosol treat-
ment of influenza virus infections. In: Options for the
control of influenza. New York: Alan R. Liss,
1986;343-356.

Gottschalk A, Belyavin G, Biddle F. Glycoproteins as in-
fluenza virus haemagglutinin inhibitors and as cellular
virus receptors. In: Gottschalk A, ed. Glycoproteins.
Amsterdam: Elsevier, 1972;1082-1096.

ZAKAY-RONES ET AL.

Grambas S, Bennett MS, Hay AJ. Influence of amantadine
resistance mutations on the pH regulatory function of
the M2 protein of influenza A viruses. Virology
1992;191:541-549.

Hannoun C. Influenza vaccine policies in Western
Europe. Third Asia-Pacific Congress of Medical
Virology, Beijing, Abstract 1994, 204.

Hayden FG, Belshe RB, Clover RD, Hay A]J, Oakes MG,
Soo W. Emergence and apparent transmission of ri-
mantadine resistant influenza A virus in families. N
Engl ] Med 1989;32:1669-1702.

Hayden FG, Sperber S], Belshe RB, Clover RD, Hay A],
Pyke S. Recovery of drug resistant influenza A virus
during therapeutic use of rimantadine. Antimicrob
AgentsChomather 1991;35:1741-1747.

Hinshaw VS, Bean W], Webster RG. The prevalence of in-
fluenza viruses in swine and the antigenic and genetic
relatedness of influenza viruses from man and swine.
Virology 1978;84:51-62.

Kilbourne ED, Schulman JL, Schild GD, et al. Correlated
studies of a recombinant influenza-virus vaccine. L
Derivation and characterization of virus and vaccine. J
Infect Dis 1971;124:449.

Mahmood N, Pizza C, Aquino R, De Tommasi N, Piacente
S, Colman S, Burke A, Hay A]J. Inhibition of HIV in-
fection by flavonoids. Antiviral Res 1993;22:189-199.

Nagai T, Miyaichi Y, Tomimori T, Suzuki Y, Yamada H.
Inhibition of influenza virus sialidase and antiinfluenza
virus activity by plant flavonoids. Chem Pharm Bull
1990;38:1329-1332.

Peters NL, Meiklejohn G, Jahnigen DW. Antibody re-
sponse of an elderly population to a supplemental dose
of influenza B vaccine. LAln.CeriatzSac 1988;
36:593-599.

Reuman PD, Bernstein DI, Eefer MC, Young EC,
Sherwood JR, Schiff GM. Efficacy and safety of low
dosage amantadine hydrochloride as prophylaxis for
influenza A. Antiviral Res 1989;11:27—40.

Scholtissek C, Von Hoyningen V, Rott R. Genetic relate-
ness between the new 1977 epidemic strains (HIN1) of
influenza and human influenza strains isolated be-
tween 1947 and 1957. Virology 1978;89:613-617.

Serkedjieva ], Manolova N. Hemingway RW, Laks PE,
eds. Plant polyphenols. New York: Plenum Press,
1992;705-715.

Serkedjieva ], Manolova N, Zgorniak-Nowosielska I,
Zawilinska B, Grzybek J. Antiviral activity of the infu-
sion (SHS-174) from flowers of Sambucus nigra L., aer-
ial parts of Hypericum perforatum L. and roots of
Saponaria officinalis L. against influenza and herpes sim-
plex viruses. Phytother Reg 1990;4:97-100.

Stange KE, Little DW, Blatnik B. Adverse reactions to
amantadine prophylaxis of influenza in retirement
home. [Am Gerjatr Soc 1991;39:700-705.

Taylor PE. Complement fixation test in viral hepatitis and
tests for the Australia (hepatitis associated) antigen and
antibody. Bull WHO 1970;42:966-971.

Tobita K, Sugiura A, Enomoto C, Furuyama M. Plaque
assay and primary isolation of influenza A viruses in
an established line of canine kidney cells (MDCK) in



ELDERBERRY EXTRACT INHIBITS INFLUENZA VIRUS 369

the presence of trypsin. Mecehbiciobioleliulol
1975;162:9-14.

Webster RG, Campbell CH, Granoff A. The “in vivo” pro-
duction of “new” influenza A viruses. 3. lsolation of re-
combinant influenza viruses under simulated condi-
tions of natural transmission. Virology 1973;51:149-162.

WHO Collaborating Center Publication 1991-1992.

Wieley DC, Skehel JJ. The structure and function of the
hemagglutinin membrane glycoprotein of influenza
virus. Anpu Rey Bigchem 1987,56:365-394.

Younkin SW, Betts RF, Roth FK, Gordon D. Reduction in
fever and symptoms in young adults with influenza

A/Brazil/78 HIN1 infection after treatment with as-

pirin or amantadine. AiiiibiciohedgtittalhaRahas
1983;23:577-582.

Address reprint requests to:

Prof. Zichria Zakay-Rones

Department of Virology

Hebrew University-Hadassah Medical School
POB 12272

91120, Jerusalem, Israel



This article has been cited by:

1.]. E. Vlachojannis, M. Cameron, S. Chrubasik. 2009. A systematic review on the sambuci fructus effect and efficacy profiles.
Phytotherapy Research n/a-n/a. [CrossRef]

2. Kyo Mochida, Tetsuro Ogawa. 2008. Anti-influenza virus activity of extract of Japanese wasabi leaves discarded in summer. Journal
of the Science of Food and Agriculture 88:10, 1704-1708. [CrossRef]

3. Cosima Chrubasik, Thorsten Maier, Corinna Dawid, Thomas Torda, Andreas Schieber, Thomas Hofmann, Sigrun Chrubasik.
2008. An observational study and quantification of the actives in a supplement with Sambucus nigra and Asparagus officinalis
used for weight reduction. Phytotherapy Research 22:7, 913-918. [CrossRef]

4. K. Kaack. 2008. Aroma composition and sensory quality of fruit juices processed from cultivars of elderberry (Sambucus nigra
L.). European Food Research and Technology 227:1, 45-56. [CrossRef]

5. Kyo MOCHIDA. 2008. Anti-Influenza Virus Activity of Myrica rubra Leaf Ethanol Extract Evaluated Using Madino-Darby
Canine Kidney (MDCK) Cells. Bioscience, Biotechnology, and Biochemistry 72:11, 3018-3020. [CrossRef]

6. Julie M. Thole , Tristan F. Burns Kraft , Lilly Ann Sueiro , Young-Hwa Kang , Joell J. Gills , Muriel Cuendet , John M. Pezzuto
, David S. Seigler , Mary Ann Lila . 2006. A Comparative Evaluation of the Anticancer Properties of European and American
Elderberry FruitsA Comparative Evaluation of the Anticancer Properties of European and American Elderberry Fruits. Journal of
Medicinal Food 9:4, 498-504. [Abstract] [PDF] [PDF Plus]

7. Guillermo Schmeda-Hirschmann, Gabriela Feresin, Alejandro Tapia, Norma Hilgert, Cristina Theoduloz. 2005. Proximate
composition and free radical scavenging activity of edible fruits from the Argentinian Yungas. Journal of the Science of Food and
Agriculture 85:8, 1357-1364. [CrossRetf]

8. Fang Xie, Chun-Fu Wu, Yan Zhang, Xin-Sheng Yao, Pik-Yuen Cheung, Albert Sun-Chi Chan, Man-Sau Wong. 2005. Increase
in Bone Mass and Bone Strength by Sambucus williamsii HANCE in Ovariectomized Rats. Biological ¢ Pharmaceutical Bulletin
28:10, 1879-1885. [CrossRef]

9. Tatsuo Suzutani, Masahiro Ogasawara, Itsuro Yoshida, Masanobu Azuma, Yoko M. Knox. 2003. Anti-herpesvirus activity of an
extract ofRibes nigrum L. Phytotherapy Research 17:6, 609-613. [CrossRef]

10. Yoko M. Knox, Tatsuo Suzutani, Itsuro Yosida, Masanobu Azuma. 2003. Anti-influenza virus activity of crude extract of Ribes
nigrum L. Phytotherapy Research 17:2, 120-122. [CrossRef]

11. Kazuya HAYASHI, Motoyuki MORI, Yoko MATSUTANI KNOX, Tatuo SUZUTAN, Masahiro OGASAWARA, Itsuro
YOSHIDA, Keizo HOSOKAWA, Akio TSUKUI, Masanobu AZUMA. 2003. Anti Influenza Virus Activity of a Red-Fleshed
Potato Anthocyanin. Food Science and Technology Research 9:3, 242-244. [CrossRef]


http://dx.doi.org/10.1002/ptr.2729
http://dx.doi.org/10.1002/jsfa.3268
http://dx.doi.org/10.1002/ptr.2415
http://dx.doi.org/10.1007/s00217-007-0691-z
http://dx.doi.org/10.1271/bbb.80330
http://dx.doi.org/10.1089/jmf.2006.9.498
http://www.liebertonline.com/doi/pdf/10.1089/jmf.2006.9.498
http://www.liebertonline.com/doi/pdfplus/10.1089/jmf.2006.9.498
http://dx.doi.org/10.1002/jsfa.2098
http://dx.doi.org/10.1248/bpb.28.1879
http://dx.doi.org/10.1002/ptr.1207
http://dx.doi.org/10.1002/ptr.1053
http://dx.doi.org/10.3136/fstr.9.242



