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The effect of oral administration of brewer's yeast on resistance to infectious
diseases was studied in laboratory animals. It was shown that there was a
significantly increased enhancement of resistance to seasonal respiratory and
enteric infections in rhesus monkeys. Similarly, enhanced resistance to experi-
mental chronic infections was observed in mice after yeast administration. A
2-week lag occurred between the initiation of yeast treatment and the expression
of enhanced resistance. Study of the mechanism of the yeast-induced enhance-
ment of resistance to infection leads to the conclusion that it is based on in vivo
stimulation of phagocytosis, as measured by the "phagocytic index." No effect of
brewer's yeast on circulating antibody levels was detected.

Host resistance to invading microorganisms is
based on two types of immune response: an
acquired one, to which specificity is usually
attributed; and an innate, or nonspecific, re-
sponse, resulting from the participation of sev-
eral components in the interaction between host
and pathogen (24). Among the latter, inflam-
mation (5), phagocytosis (13), natural anti-
bodies (16), properdin (19), and complement
(12) are considered to be the major participants.
The nonspecific resistance of the host may be
modulated by different agents of a nonspecific
nature (8, 22). Recognition of the importance of
enhancing agents in prophylaxis and therapy
has spurred the search for these effectors.
Among these, compounds like endotoxin (18),
BCG (14), polynucleotides (4), and zymosan
(11) have been widely studied.

In the present study, we describe some of our
experiments in the enhancement of nonspecific
resistance to infectious diseases in laboratory
animals by oral administration of brewer's
yeast. A mechanism for this stimulation is
suggested, and the relationship of brewer's
yeast to other resistance-enhancing agents is
discussed.

MATERIALS AND METHODS
Monkeys. Monkeys of strain Macaca mulata, im-

ported from India, were quarantined on arrival at our
Institute for 6 weeks. Monkeys of both sexes, weighing
2 to 2.5 kg, were caged singly and fed a diet consisting
of cereal-pelleted animal food (Ambar Ltd., Israel),
seasonal vegetables, fruit, and a multivitamin prepa-
ration (Rafa-9, Rafa Laboratories Ltd., Jerusalem,
Israel). Sick animals were given appropriate antibi-
otic and supportive treatment.
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Mice. Female mice (25 to 35 g) of an inbred R m
strain and a random-bred Swiss albino strain were
used. They were fed pelleted chow (Ambar Ltd.,
Israel) and water ad libitum.

Brewer's yeast. Saccharomyces cerevisiae, dried,
in tablets each containing 500 mg, was obtained from
Pharmaceutical Products "Rekah" Ltd., Azor; or
Taro Pharmaceutical Industries Ltd., Haifa. The
daily doses employed were 500 mg per monkey or 35
mg per mouse, administered per os and mixed with
food.

Microorganisms. Staphylococcus aureus strain
Toro, obtained from Lepetit and Co., Italy, was grown
for 18 h at 37 C on nutrient agar (Difco).

Yersinia pestis. An avirulent strain TRU unable to
synthesize VW antigen (7) and vaccine strain EV 76,
which develops resistance to phagocytosis upon incu-
bation at 37 C (15), were grown at 28 C for 48 h on
blood agar base (Difco) containing 2.5% hemolized
rabbit blood.
Brucella melitensis. Rev. I. vaccine strain (9) was

grown for 48 h at 37 C on Trypticase soy agar (BBL)
supplemented with 3% glycerol and 5 tsg of thiamine
per ml.

All microorganisms were harvested and washed
twice in saline shortly before inoculation into animals.
The concentration of microorganisms was obtained
from measurements of the optical density at 550 nm
and verified by viable counts on appropriate media.
Assay of phagocytic activity. Phagocytosis was

studied in vivo. Freshly harvested and washed bacte-
ria (5 x 107 to 1 x 10' in 0.2 ml of saline) were injected
intraperitoneally (i.p.) into each mouse of the series.
At varying time intervals after inoculation, the mice
were killed by ether, the peritoneal cavity was incised
under aseptic conditions, and the inflammatory exu-
date was collected by washing the cavity with 2 ml of
cold Tyrode solution. The cell suspensions were kept
at 4 C. Eight mice were used in each determination.
The following counts were made: (i) number of
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exudate cells in the peritoneal cavity, counted in a
hemocytometer; (ii) differential count of inflamma-
tory cells in Giemsa-stained smears (200 cells were
counted in each smear); (iii) number of noningested
viable bacteria. The exudate was diluted 1:5 with
cold Tyrode solution, and the cells were centrifuged in
the cold at 1,200 rpm for 5 min in an International
portable refrigerated centrifuge model PR-2. The
number of bacteria in the supernatant fluid was
estimated by viable plate counts; and (iv) number of
ingested viable bacteria. The pelleted exudate cells
obtained upon centrifugation [(iii), above] were resus-
pended in 0.2 ml of undiluted rabbit antiserum to
mouse phagocytes. After incubation for 1 h at 37 C to
rupture the cells, the number of bacteria was esti-
mated by viable plate counts.

Phagocytosis was evaluated on the basis of clear-
ance of the injected bacteria from the peritoneal
cavity. In analogy to the clearance kinetics of carbon
particles from blood (2), we assumed the rate of
clearance of bacteria in the peritoneum to be expo-
nentially expressed by the equation Cl = C0 x 10-K t,
where C, is the total concentration of viable bacteria
in the peritoneal cavity, free or within phagocytic
cells, at time t; C0 is the concentration of bacteria at
the time of injection; and the constant K, is the
measure of the rate of phagocytosis, denoted as the
"phagocytic index" (2), expressed as K, = (log C0 -

log C1)/t.
Similarly, the rate of ingestion and the ingestion

index were calculated from the equation K2 = (log C0
- log C2)/t where C2 is the concentration of nonin-
gested bacteria free in the peritoneal exudate at time t.

Antiserum to mouse phagocytic cells. A prepara-
tion of antiserum to mouse phagocytic cells was
prepared in rabbits. Mouse peritoneal phagocytic
cells were mobilized by i.p. injection of 1 ml of saline.
The exudate cells were harvested 6 and 24 h later in
cold Tyrode solution to obtain polymorphonuclear
cells and macrophages, respectively. The cell suspen-
sions were diluted to 1.5 x 107 cells/ml. The rabbits
were immunized by three intravenous injections of 1
ml of the freshly harvested cells, at intervals of 1
week, followed by two booster doses at monthly
intervals. This antiserum completely lysed mouse
polymorphonuclear and macrophage cells on incuba-
tion at 37 C for 1 h, and did not affect the microorga-
nisms used in these experiments.

Assay of antibody formation. The assay was
based on quantitation of the primary response after
i.p. administration of a single dose of 3 mg of bovine
gamma globulin (Mann Research Laboratories) into
groups of mice. Antibody formation was measured in
terms of concentration of circulating antibodies and
length of induction period. Seven and 12 days after
antigen injection, blood samples were collected and
the sera were tested individually by the passive
hemagglutination method of Boyden (3).

RESULTS
Effect of brewer's yeast on resistance to

infection in newly arrived, quarantined
monkeys. Fifty newly arrived monkeys were

included in the experiment. On the day of
arrival, they were randomly divided into two
groups: control, comprising 35 animals, and the
experimental group of 15 animals. The experi-
mental animals were given 0.5 g of brewer's
yeast per os daily. Yeast treatment began on the
first day of quarantine and was continued
throughout the experiment.
The effect of brewer's yeast was measured by

comparison of morbidity and mortality rates as
well as by duration of illness in experimental
and control monkeys. Figure 1 illustrates the
biphasic nature of the incidence of morbidity in
the control group. The first peak occurred
within the first 2 weeks of quarantine, followed
by a short period of quiescence and then a
second morbidity peak. Moreover, all deaths
were clustered around the first peak of morbid-
ity (Table 1). Comparison of yeast-treated and
control monkeys (Table 1 and Fig. 1) indicates
no significant difference either in mortality and
morbidity rates or in the duration of infection
during the first 2 weeks of treatment. However,
in the period after the first peak of disease, the
yeast-treated monkeys exhibited a high degree
of resistance to infection. Out of the 13 survivors
in the treated group, none were sick, whereas
40% in the control group became ill. This
difference is statistically highly significant (P <
0.001). On the basis of these results, it was
concluded that oral administration of brewer's
yeast to monkeys significantly enhances their
resistance to seasonal infections. This enhanced
resistance is manifested only 2 weeks after
initiation of treatment; thereafter, it persists at
a constant high level for the duration of treat-
ment.

40Fv

3 0e_

E0 T REATED

m40-

20[

a¢n ~~~CONTROL

10X

4 8 12 16 20 24 28 32 36 40 44 48 D AYs

FIG. 1. Incidence of disease in newly arrived, quar-
antined monkeys; resistance-enhancing effect of
orally administered brewer's yeast.
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TABLE 1. Effect of orally administered brewer's yeast
on disease incidence in newly arrived, quarantined

monkeys

Determination Control Yeast treated

Mortality rate (%) 5/35 (14) 2/15 (13)
Mean survival time 8 7

(days)
Morbidity rate in first 21/35 (60) 7/15 (47)

2 weeks (%)
Mean morbidity time 5 4

(days)
Morbidity rate in subse- 12/30 (40) 0/13

quent, 5 weeks (%)
P <0.001

Effect of brewer's yeast on experimental
chronic infection of mice. After the demon-
stration that yeast treatment enhanced resist-
ance to acute seasonal infections, it was of
interest to investigate the effect of the treat-
ment on chronic infections. Experimental bru-
cellosis was chosen as a model. Forty mice of
inbred strain R III were divided into two equal
experimental and control groups. The former
was given brewer's yeast per os daily, starting 2
weeks before inoculation and continuing for the
duration of the experiment. Mice in both groups
were inoculated i.p. with B. melitensis at two
dose levels: 102 (approximately 2 mean infective
doses), and 104. Four and 6 weeks after inocula-
tion, five animals from each group were killed
and examined for infection, as demonstrated by
isolation of the microorganisms from the spleen
and the presence of agglutinating antibodies in
the serum (1). The effect of brewer's yeast on

resistance to brucellosis was correlated with the
rate of infection and its severity, as estimated
by the number of microorganisms in the spleen
and the duration of infection. These experi-
ments demonstrate that both control and
treated mice developed brucellosis at a similar
rate (Table 2). Also, the severity of the disease,
as measured by the number of microorganisms
in the spleen, was similar in both groups during
the first 4 weeks of infection. However, a signifi-
cant difference was observed during the 6th
week of infection. No viable microorganisms
were detected in the spleens of any of the
treated mice infected with 102 bacteria, whereas
in all of the control mice at this time, up to 105
microorganisms per spleen were persistently
present. From these data it was concluded that
oral administration of brewer's yeast enhanced
resistance to chronic infection in mice. This
enhancement was one of degree; it was inade-
quate to prevent infection altogether but mani-
fested itself in the accelerated elimination of the

infecting microorganisms, thereby shortening
the duration of the chronic disease. This en-
hancing effect was expressed at the lower chal-
lenging dose only. No differences were detected
in agglutination titers in control and experi-
mental groups.

Effect on phagocytosis. In an attempt to
clarify the mechanism of enhancement of resist-
ance to infection in the experimental animals,
we tested the effect of orally administered
brewer's yeast on in vivo phagocytosis of various
microorganisms. In a typical experiment, Y.
pestis strain TRU cells, freshly harvested and
washed in saline, were injected i.p. into 60
strain R III mice at a concentration of 2.5 x 108
per animal. The experimental group comprised
30 mice treated orally with brewer's yeast for 2
weeks before inoculation. The 30 control mice
did not receive yeast treatment. Similar experi-
ments were performed using two other microor-
ganisms, Y. pestis EV 76 (5 x 107 cells per
mouse) and S. aureus (109 cells per mouse).
Phagocytic activity at different time intervals
after inoculation in the yeast-treated and con-
trol animals was measured as described in
Materials and Methods by: (i) rate of clearance
of bacteria from the peritoneal cavity; and (ii)
rate of ingestion by phagocytic cells in the
peritoneal cavity. Rates of clearance and inges-
tion were correlated with the corresponding
cellular response in the peritoneal exudate,
measured by the number of mononuclear and
polymorphonuclear cells. The experiments were
replicated twice; data for a representative ex-
periment are given in Fig. 2 and Table 3.
These experiments indicate that orally ad-

ministered brewer's yeast enhanced phagocytic
activity in mice, as manifested by a statistically
significant increase in the rate of clearance of
different microorganisms from the peritoneal
cavity. Phagocytic activity following i.p. injec-
tion of microorganisms can be divided into two
phases: the initial phase of rapid clearing which
may be attributed to the activity of peritoneal
macrophages present at time of injection (Fig.
2); and a slower activity (second phase) which
occurs between 2 and 3 h after inoculation,
coinciding with the influx of polymorphonuclear
cells into the peritoneum (Fig. 3). The enhance-
ment of phagocytic activity in yeast-treated
mice was more pronounced during the second
phase (Fig. 2).

Also, the rate of ingestion was significantly
higher in the treated animals. This was true for
S. aureus but was particularly apparent in Y.
pestis EV 76, known to develop resistance to
phagocytosis at 37 C. Figure 2 depicts the
emergence of resistance to phagocytosis in con-
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TABLE 2. Effect of orally administered brewer's yeast on resistance of mice to experimental brucellosis

Infection

Weeks post- Inoculum No. of microorganisms per Agglutination titer
inoculation (no. of bacteria) spleena

Control Treated Control ] Treated Control Treated

4 102 5/5 5/5 8x 104 105
104 5/5 5/5 3 x 105 105

6 102 5/5 0/5 1.2 x 105 1:80 1:80
104 5/5 5/5 2.8 X 104 1.1 x 104

aEach value represents the mean of five determinations.

2 3 4

HOURS AFTER INOCULATION
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FIG. 2. Enhancing effect of orally administered brewer's yeast on rate of clearance of microorganisms from
the peritoneal cavity of mice. Yersinia pestis EV 76 (5 x 107), Y. pestis TRU (2.5 x 10"), and Staphylococcus
aureus (109) were injected i.p. into groups of mice. At different time intervals after inoculation, the rate of
clearance was determined in control ( ) and yeast-treated (-----) animals by total viabe counts (0) and
viable counts of noningested microorganisms (a). Each point represents the mean estimate from eight animals.

trol mice 2 h after inoculation, resulting in an

increased number of extracellular microorga-
nisms; no such increase was observed in yeast-
treated mice. This may be taken as indicating
that yeast-induced enhancement of phagocytic
activity affects the resistance to phagocytosis of
strain EV 76. However, an alternative explana-
tion, i.e., a direct inhibitory effect on this
microorganism caused by yeast treatment, can-

not be excluded at present. The increased rate
of clearance and ingestion in yeast-treated mice
was probably related to heightened activity of
the individual phagocytic cell. This assumption
is based on measurements of the kinetics of the
phagocytic cells in the peritoneal exudate (Fig.
3). The number of phagocytic cells in the
peritoneal cavity at any given time after inocu-
lation is the result of cell influx, migration to

784

0
a0
D

0



ENHANCEMENT OF RESISTANCE BY BREWER'S YEAST

TABLE 3. Enhanced clearance of microorganisms from peritoneal cavity of mice treated with brewer's yeast

Clearance from peritoneal cavityv
Microorganisms injected Yeast treatment IPhagocytic index P Ingestion Index P

(K.) (KO)" P

Yersinia pestis EV 76 Treated 0.447 ± 0.018 00.010-517 ± 0.032 002
(5 x 107) Control 0.297 ± 0.004 <0. 0.325 ± 0.010 <0.

Yersinia pestis TRU Treated 0.930 ± 0.040
< 0 1.120 ± 0.014

(2.5 x 108) Control 0.650 ± 0.070 <0.05 1.070 ± 0.056 >0.05
Staphylococcus aureus Treated 1.042 ± 0.016 >0 05 1.239 ± 0.055 <0.05

(109) Control 0.916 ± 0.113 0.914 ± 0.091

aAt t = 3 h.
h Calculated from equations given in Materials and Methods. The t test of significance was applied in the

statistical analysis of phagocytosis data.

yo RYESINIA PESTIS EV 76 YERSINIA PESTIS TRU STAPHYLOCOCCUS AUREUS

IO0 -O
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HOURS AFTER INOCULATION

FIG. 3. Kinetics of phagocytic cells in the peritoneal cavity of yeast-treated and control mice after i.p.
inoculation of Yersinia pestis EV 76, Y. pestis TRU, or Staphylococcus aureus. At different time intervals the
total number ofphagocytic cells (0) and macrophages (0) and the number ofpolymorphonuclear cells (x) were
determined in the peritoneal exudates of control ( ) and yeast-treated (-----) mice.

lymphoid organs, and cell destruction by the
ingested microorganisms. The number of phag-
ocytic cells in the peritoneal cavity of control
animals fluctuated, reaching a peak represent-
ing a fourfold increase at 3 h; this increase was
due mainly to the influx of polymorphonuclear
cells. In yeast-treated animals there was only a
twofold increase in the number of phagocytic
cells. These fluctuations in the number of
phagocytic cells could not account for the eight-
fold increase in clearance in yeast-treated mice.
Therefore, our assumption that an "activated"
phagocytic cell was induced by yeast treatment
seemed plausible. In vitro experiments are
needed to establish this point.

Effect on antibody synthesis. After the find-
ings of enhancement of phagocytosis, the effect
of yeast treatment on an additional parameter
of immunity, antibody synthesis, was investi-

gated. This was studied by measurements of the
concentration of circulating hemagglutinins
and the length of the induction period after a
single i.p. injection of 3 mg of gamma globulin
into control and yeast-treated mice. Yeast was
orally administered throughout the experiment
starting 2 weeks before antigen injection. Re-
sults (Table 4) show that brewer's yeast had no
effect on the primary response in antibody
synthesis, both with regard to antibody concen-
tration and length of the induction period.

DISCUSSION
The experiments described demonstrate that

brewer's yeast administered per os to experi-
mental animals enhances nonspecific resistance
to infection. This enhanced resistance was ex-
hibited against a variety of agents, ranging from
microorganisms causing seasonal infections of
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TABLE 4. Antibody synthesis in yeast-treated mice
after a single injection of bovine gamma globulin (3

mg)

Passive hemagglutination
antibodv titer" on dav:Expt Yeast treatment

712

1 Treated 1:60 1:40
Control 1:80 1:40

2 Treated 1:120 1:80
Control 1:180 1:160

3 Treated 1:180
Control 1:160

Groups of 10 mice were used for each estimation.
Each value represents the mean of 10 determinations.

the respiratory and intestinal tract in monkeys
to microorganisms causing chronic infections
such as experimental brucellosis in mice. In
addition, we have found that prolonged feeding
of brewer's yeast to an AKR inbred strain of
mice developing autochthonous lymphoma re-
sulted in a doubling of their life span as
compared with control mice (unpublished
data). These observations illustrate the general
nature of the brewer's yeast-induced enhance-
ment of resistance to disease.

Yeasts have been used by man for centuries in
fermentation processes and as a food and vita-
min supplement. Although yeast consumption
has been recommended in folklore medicine as a
remedy for various diseases, almost no basic
studies, to the best of our knowledge, have been
made to determine any therapeutic effect. Some
crude preparations obtained by fractionation of
yeast cells have been studied in connection with
enhancement of resistance to disease. One, an
extract of ribonucleotides, was used in humans
to increase white blood counts (10), but no
followup of this work was carried out. A crude
preparation of baker's yeast cell walls termed
"zymosan" has been extensively studied in
connection with the properdin system in vitro
and in laboratory animal experiments. The list
of effects attributed to zymosan includes en-
hancement of resistance to disease, protection
from radiation, and repression of tumor devel-
opment (11).
The mode of action of zymosan remains a

matter of controversy. It was suggested (20) that
zymosan binds to properdin and complement,
and that it acts through its ability to increase
properdin titers in vivo. In this aspect, zymosan
is not unique (21); a variety of endotoxin
preparations and microbial cell walls possess
this ability. In addition, the nature of proper-

din, as well as the correlation between its titer
and the resistance to infection, has been chal-
lenged (6, 17). An additional effect of zymosan,
related to enhancement, is its ability to stimu-
late phagocytosis upon intravenous injection in
mice (B. Benacerraf and M. M. Sebestyen, Fed.
Proc. 16:860-872, 1957). Zymosan is a mixture
of variable composition and difficult to stan-
dardize. This fact may be responsible for the
conflicting reports on zymosan activity.
Our results suggest that the mechanism re-

sponsible for the enhancing effect of orally
administered yeast on resistance to disease is
based on an increase in the rate of phagocytosis.
This is not unique to this system, but is found
also for some other resistance-enhancing
agents, e.g., the activation of the "angry macro-
phages" by BCG (14). The effect has also been
attributed to zymosan, as mentioned earlier.
We did not detect any enhancing effect upon
formation of circulating antibody, as was dem-
onstrated in the primary antibody response to
injection of bovine gamma globulin in mice, as
well as in the lack of increase in antibrucella
agglutinin in mice recovering from experimen-
tal brucellosis. Although more experimental
data will be needed to establish this contention,
it is suggested that brewer's yeast exerts an
enhancing effect on mechanisms related to
cellular resistance rather than on those based on
circulating antibody. The questions of whether
other resistance-enhancing mechanisms are
elicited by brewer's yeast or whether the action
of brewer's yeast may be related to that of
zymosan remain open for the time being.
An interesting feature of the yeast-induced

effect is the 2-week period necessary for the
expression of the enhanced resistance to dis-
ease. Our data are insufficient to explain the
nature of this lag period.
These experiments indicate the feasibility of

using brewer's yeast for enhancing nonspecific
resistance to disease in humans. The merits of
brewer's yeast as compared to other resistance-
enhancing agents, such as BCG or poly(I:C),
are that yeast has been consumed by man for
centuries without any adverse effects being
recorded and that it acts upon oral administra-
tion.
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