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Abstract - The effect of a bacterial extract orally administeredto 20 children with recurrent infections of
the upper respiratory tract, was investigated in a double-blind study. The composition of the peripheral
bloodmononuclear cells (T andB-lymphocytes,monocytes)andsome
of their biochemicalproperties
( 5 ‘-nucleotidase, /3-N-acetyl-glucosaminidaseand non-specific esterase) were unaffected. In contrast, the
allogeneicmixedlymphocytereactionwassignificantlyincreasedinpatientstreatedwiththebacterial
extract. In the treated group the number of infectious episodes decreased significantly and the clinical
response correlated positively with the mixed lymphocyte reaction. These findings suggest that the bacterial
extract has the capacity of restoring depressed immune functions
by acting through the gut-associated
lymphoid tissue.

Recurrent infectionsof the upper respiratory tract are We reported here the variations of some clinical,
generally
associated
with
defective
immune
rimmunological and biochemicalparametersmeasfunctions.Apoor
response to pathogenicmicroured on peripheral blood mononuclearcells (PBMC)
organismsmay only reflectafunctionaldisorder,
of 20 children with recurrent infections of the upper
of a realimmunowithout beingtheexpression
respiratorytract.
Beside theclinicalobservations
deficiency
implying
serious
qualitative
and/or
three major aspects were studied: (a) morphological,
quantitativealterationsofthelymphohemopoietic
by evaluating the various Ig-bearing B-lymphocytes,
system. In thesecasesantibiotic
therapyalone is thedifferent
T-cellssubsets
andthe
monocyte
inadequate while an effective immunopharrnacologic fraction; (b) biochemical, by determining the activity
approach would remove the major cause of disease. of membrane-bound 5’-nucleotidase and of
as immuno- lysosomal P-N-acetyl-glucosaminidase; (c) funcAdoption
of
bacterial
substances
modulators is
certainly
not
new,
but
the
oral tional, by analyzing the patients’ alloreactivity in a
administration of a lyophilizedbacterialextract
one-way mixed lymphocyte culture(MLC).
(Broncho-VaxomR) in children with recurrent infections of the respiratory tract
presents some interesting
aspects.First, the oral route has
clearadvantages
EXPERIMENTAL PROCEDURES
especiallyinchildren,second,itmight
be more
BronchoVaxom
(B V)
effective than other routesconsidering the important
BV is obtained by exposingbacterialmicrorole of the intestinal microflora in maintaining the
organisms (see below) to an alkaline lysis. The
immune system at a physiologic level of performance.
On the other hand, Broncho-Vaxom has already hydrosuluble part is extracted and lyophilized. One
been shown to be active in a variety ofin vivo and in capsule of Broncho-Vaxom children (OM Laboratories, MeyridGeneva, Switzerland),contains 3.5
vitro situations as well as clinical
in trials
(Puigdollers, Rodts Serna, Hernandez delRey, Tillo mg of the lyophilized bacterial extract of following
Baruffet & Jofre-Torroella, 1980; Girard & Fleury, composition: Haemophilus influenzae, Diplococcus
pneumoniae,Klebsiellapneumoniae and ozaenae,
1979; Messerli,
Michetti,
Sauser-Hall,
Staubli,
Staphylococcus aureus, Streptococcuspyogenes and
Taddei, Weiss, Farine&Fux, 1981; Sequeira, 1980).

*Part of this work was presentedat the Second International Conference
of Immunopharmacology, Washington,U.S.A.,
1982.
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viridans, Neisseria catarrhalis. The bacterial extract
is mainly composed of ribonucleoproteins(OM
Laboratories, internal report). Placebo capsules (P)
contained starch.

Mixed lymphocyte culture (MCL)
The method was that of O'Leary, Reinsmoen &

Junis (1976). PBM cells were isolated by Ficoll
centrifugation beforebeing washed and suspended in
RPMI-1640culturemediumsupplemented
with Lglutamine, penicillin-streptomycin and 20% pooled
Treatment
Twenty children between 1 and 16 yr of age (mean: human AB serum from normal, untransfused male
8.3 yr) and with a predisposition to upperrespiratory donors. The cultures were setup in sterile roundtractinfectionsweretreatedwitheither
BV or P bottomed microplates (Nunc,Intermed,Denmark)
stimulator-responder
combination
was
under double-blind
conditions
according
to a and each
randomization list. The capsuleswere of identical performed in quintuplicate. 100 pl of the appropriate
appropriate
presentation. Each patientreceived one capsule daily responder cells and 100 p1 of the
of 5 x lo5
stimulator
cells
at
the
same
concentration
in the morning before breakfast, the first
ten days of
cells ml-' were added to each well. The responder
each month, for three consecutive months.
The immunological and biochemical parameters cells were fromthepatients, while thestimulator
cells were derived from two normal donors and
were
were evaluated at presentation (day 0), during (day
irradiated with 1500 rad before culture. The cultures
30) andafter
(day 90) the
treatment.
Clinical
examinations were performed on day 0, 30, 90 and were incubated for 5 days at 37" ina 5% CO,
atmosphere before addition to each well of 0.5 pCi
180.
methyl-'H-thymidine (84.8 Ci mmol-', New England
Nuclear, West Germany). Responder and stimulator
Isolation of peripheralbloodmononuclearcells
cells were incubated separately as controls. 18 h after
(PBMC)
pulsing,
the cells were harvested with a TitertekRcell
Blood samples were taken in the morning between
harvester
(Flow Laboratories) and filtered on glass
8 and 10 a.m. 20 - 30 ml of peripheral blood were,
fiber
filters.
After washing, the filterswere immersed
diluted 1:4 with a 0.9% NaCl solutionand layered on
in
a
scintillation
fluid and the activity determinedon
Ficoll Hypaque gradients
(Boyum,
1968). After
centrifugation (30 min, 800 x g, 2OoC), the cells at a SL 4OOO Intertechnique scintillation counter.
Onday 0, 30 and 90, the patients' cells were
the interface were harvested and washed three times
stimulated
with irradiated cells deriving from one of
with large volumes ofice-cold saline. Viability of the
the
two
donors
(always the same one). The patients'
cells, determined by Trypan blue exclusion, exceeded
responses werethen evaluated as percentof the mean
90%.
response of the cells of four normal healthy donors
to the same stimulator cells.

Cell characterization

The two mainlymphocyte populations were identified by direct immunofluorescence. T-lymphocytes.
T-suppressors and T-helperswereidentified
after
stainingforthymic
antigenswithFITC-labelled
monoclonal antibodies (Leu 1. Leu 2a and Leu 3a
from Becton-Dickinson,Sunnywale,Ca).
B-cells
weredetectedbydirectimmunofluorescence
after
staining of surface immunoglobulins (sIg) with
TRITC-labelled F (ab'), fragments of polyvalent or
monospecific anti-immunoglobulins (Winchester,
1976). Monocytes wereidentified
by testing an
aliquot of the isolatedcells for non-specific a-naphty- 5 X 1 P cells were
lacetateesterase.Briefly,3
incubated for 20 rnin at 37OC in a substrate solution
of 0.1070 pararosaniline, 4% sodium nitrite, and 1.2
mMa-naphtylacetate,bufferedwithphosphate
to
pH 5.9. Cells
displaying
a pronounceddiffuse
brownish
reaction
were counted as monocytes
&
(Mueller, Brun delRe,Buerki,Keller,Hess
Cottier, 1975).

Enzyme assays
Enzymes
were
assayed
on either
intact
or
2 h afterthe gradient
homogenizedcellswithin
centrifugation. Cell homogenate was obtained from
the cell suspension by freezing in liquid nitrogen and
thawingthreetimes.Assayswereoptimizedfor
linearity of the reaction with respect to duration of
incubation as well as to cells, protein content, and
substrate concentration. 5 '-nucleofidase (EC.3.1.3.5.)
was assayed on intact cells according to the methodof
Beaufay et al. (Beaufay, Amar-Costesec, Feytmans,
Thints-Sempoux, Wibo, Robbi & Bethet, 1974).
Incubations were performed in duplicate at 37°C for
20 min in a total reaction volume of 4 ml. 0.2 ml of
cell suspension wereadded toa mixture containing50
mM Tris-HC1 buffer at pH 7.5, 8 mM MgCll and 2
mM 5'-AMP. The reaction was stopped with 3oqo
ice-cold TCA. Inorganic phosphate was removed by
centrifugation and thenmeasured colorimetricallyat

Administered
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of an Bacterial
820 nm by the method of Chen, Toribara& Warner,
(1956). /?-N-acetylglucosaminidase (EC. 3.2.1.30.)
was estimated on total homogenate by measuring at
405 nm theliberation of p-nitrophenolfromthe
substrate p-nitrophenyl-N- acetyl-/3- -glucosaminide.
0.2 mi of cell homogenate were incubated for30 min
0.7 ml containing 3.2 mM
at 37°C in a total volume of
of substrate, 0.28 m M EDTA, 0.28 mM NaHCO,,
0.003% Triton X, 0.03 M ethanol and 0.08 M Na4.5. The
citrate, 0.08 M citric acid buffered at pH
reaction was stopped by addition of 2.0 ml of an ice133 mM glycin, 83 mM
coldsolutioncontaining
Na,CO,, 67mM NaCI.Thespecificactivity
was
calculated by relating the optical density values to a
standard curveofp-nitrophenolandexpressedas
lo6 cells or per mg of protein
nmole per hour per
homogenate.

Extract

I13

The correlation between MLC data and numbers of
by the
rank
correlation
infections
was
tested
coefficient (Spearman).

RESULTS

The opening of the randomization code showed
that eleven children were treated with BV and nine
with P.

MLC
The MLC responses of BV- and P-treated patients
1. Apparently
the
patients’
are
shown
in
Fig,
alloreactivity was depressed when compared to the
response of normal healthy donors (controls) against
thesamestimulator
cells. Beforetreatmentthe
patients’ response reached an average of 60% when
the controls’ response is equaled to 100%. It must
Protein determination
however, be pointed out that the controls belonged
Proteins were determined according
to the method to a different age group, being adult blood donors.
of Lowry, Rosebrough, Farr & Randall (1951).
InFigs2a and b, the specificimmunereaction
elicited by allogeneic cells in patients’ PBMC at 30
Statistics
and 90 days is confronted with the response at
Differences
enzymatic
in
activities, surface presentation. At day30 (Fig. 2a) and 90(Fig. 2b), the
patients
displayed
an improved
of BV-treated
markers,
allogeneic
responses
and
numbers
in vitro with the
infections, were analyzedby the analysis of variance responsivenesswhenchallenged
same alloantigens (same stimulator
cells of day0). In
(one-way), the paired t-test and the rank-sum test.
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Fig. I . One-wayMLCresponse
of BV- andP-treatedpatients.
The
incorporation of’H-thymidine
by patients’PBMCafterculture
with
irradiated allogeneic stimulator cells is expressed as counts
per minute (cpm)
for days 0,30and 90.Each patientwas always confronted with mononuclear
stimulator cellsderived from thesamedonor.Thelevel
of the controls’
(A) andexpresses the mean
responseisindicated by thesolidtriangle
to
response of four healthy donors to the same donor’s stimulator cells used
challenge the patients’ PBMC.
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Fig. 2. Variation of MLC relative response at day 30 and
90 after BV or Padministration.Thepatients'
MLC
relative responsewas calculated as percentage of the mean
response given by healthy controls to the same stimulator
cells. The variations of this response after
30 (a) and90 (b)
days of BV or P treatment are reported for each patient.
Practically, the valuesoftheresponse
at day 0 (before
treatment) were subtracted to the values recordedat day 30
and 90. The bars represent the registered differences and
theunderlyingfiguresrepresentthenumberassigned
to
eachpatient by therandomized doubloblind selection.
BV; 0 P.

this group, the modification of the relative response
90
was significant both at day 30 andatday
( P < 0.001). On the contrary, the P group did not
show any significant modification at any time of the
treatment.

Surface markers
Table 1 summarizes the relativedistribution

of

mononuclear cells after staining for
surface
immunoglobulins,
surface
thymic antigens and
esterase reaction in both groups of patients treated
with either BV or P. The mononuclear cell fraction
of both groups presents a similar cell composition at
any time of treatment; no significantdifference
could be found.

1

Enzyme markers
The enzymatic characteristics of the mononuclear
cell fraction isolated from both groups of patients
are reported in Table2. At any treatment time both
groups revealed a quite similar activity level for the
non-specific esterase as well as for the fl-N-acetylboth
glucosaminidase of monocytes.However,in
BV and P groupstheS'-nucleotidase,
which is
mainlyassociatedwiththeplasmic
membrane of
lymphocytes,decreasedduring
thetreatment in a
similar fashion (see Table 2).

Clinical observations
The clinical response of both BV and P groups is
shown in Fig. 3 where the frequency of infectious
episodes is reported for the same period of the year,
during 6 months, before and after treatment.
Before
treatment the mean frequency of infectious episodes
was 9.2 (l.S3/month) and 9.7 (1.6l/month) in BV
and P group respectively. Furthermore,thetwo
groups of patients did not differ significantly with
regard to type and severity of infections. The mean
frequency of infectionsdecreased to 2 episodes
(0.33/month)after BV administration ( - 78.3%)
and 5.4 (0.9/month) after P treatment (-44.3%).
The differencebetween the two groups is statistically
significant at P < 0.05.

Table 1. Relative distribution of surface immunoglobulins and surface thymus antigens in PBMN.
~~

immunoglobulins
Surface
Treatment
Days

P

(Yo)
0
30

90
0

BV

30

90

h3M

13.0 f 10.7
12.7 f 8.5
14.2 f 7.8

3.1 f 3.0
2.1 f 1.9
1.9 f 1.4

3.6 f 3.9
4.0 f 5.5
5.7 f 5.8

67.0 f 9.4
60.6 f 10.5
62.4 f 7.4

21.4 f 8.3
22.9 f 10.2
23.1 f 7.9

41.0 f 12.3
34.0 f 14.8
37.7 f 9.9

11.8 f 6.3
14.2 f 7.3
7.5
11.2

2.6 f 2.0
3.4 f 4.0
1.6 f 2.4

3.2 f 2.6
5.3 f 3.9
5.0 f 4.1

58.6 f 8.9
60.3 f 7.1
63.5 f 7.9

21.5 f 6.8
21.8 f 7.2
21.1 f 7.3

36.5 f 6.9
35.6 f 8.3
41.6 f 9.0

*

Leu

IgG

Thymus antigens (Yo)
Leu 2
Leu 3

sIgtot

1
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Table 2. Activity variations
of marker enzymes in peripheral blood mononuclear
cells
u-naphtylacetate
'-nucleotidase
5

&iV-ac&yl-glucosaminidase

esterase DaysTreatment
(@lo positive
cells)

0

30

P

90
0
BV

9.6

30
90

(nmole/h/lV cells)

7.6
12.2 f 26.3
21.7
15.7 +. 13.1
6.1
11.7 *17.1

(nmole/h/lp cells)

f 3224.8
10.7

f 612.4
3360.8 f 642.5
f 419.0

*

8.7
f3093.1
3.0

11.5 *
17.87.6
14.9
f 4.1
11.4 f 12.3
8.9

3316.6
+. 6.8

*

f 747.3
3052.0 f 528.6
f 786.7

6.5

f2926.4
5.4

a

90.

a

70.
a

a

a
a

a

0

0
U

5

o

-I0/

o

15

10

A

INFECTIONS

0

Fig. 4. Correlation between the mean variation of the
MLC relative response and the decrease in infectious
episodes afterBV or P administration. For each patient
(%A
the meanvariationsinMLCrelativeresponse
MLC) is plotted against the difference
in the number of
infectious episodes(A infections) before and after
BV or
P treatment. A MLC was calculated as follows:
Fig. 3. Frequency of infectious episodes before and after
BV or P treatment.Thenumber ofinfectiousepisodes
u L c r r L U i v e ~ d . Y 3 0 + MIX3
observed in the same period of the year during 6 months
rdativarrspaucdny90
before and after
BV or P therapy is reported. The infections *AMLc=
MLC relative response
considered
were
bronchitis,
tonsillitis.
pharyngitis,
2
day 0.
sinusitis, rhinitis andotitis. The number under the bars
was
assigned to each patient by the randomized double-blind
Spearmanrank comlation coefficient= 0.54, P< 0.01,
selection. 0:beforetreatment;
: aftertreatment.
0 : P; 0 : BV.
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physiologic stimulation without a direct mitogenic
or
antigenic effect, as is also evident from the fact that
thePBMCcomposition
was unaffected(Table 1).
However, onecannot
excludeadirectantigenic
effect of the bacterial extract (Clot & Andary, 1980)
even if no convincing evidence is available that this
type of immunostimulation is occuring in vivo. In
short, the mechanism by which BV exerts its action
is unknown.Still, we canreasonablyexcludean
DISCUSSION
effect on PBM phagocytes since the activity level of
/3-N-acetyl-glucosaminidase
Alloreactivity is the unique parameter significantly thelysosomalenzyme
affected in PBMC of patients treated with BV. This and the number of monocytes remained unchanged
speaksfor a generalstimulation of cell-mediated during the treatment.
Last
but
mostimportant,
BV proved to be
immunity and is in line withdata reported by Clot &
effective.
fact,
In
the frequency of
Andary (1980) and Girard & Fleury (1979), which clinically
recurrencesafter
BV treatment was significantly
showed an increased responseto lectin stimulationof
mononuclear cells from BV treatedpatients.In
( P < 0.05) lower than that in the P group (Fig. 3).
In the
clinical
response
correlated
another investigation, Puigdollers et al. (1980) found addition,
an augmented antibody
production
in
patients
positively with the MLC data.As shown in Fig. 4, a
receiving BV. All theotherimmunological
and small difference in the infectious episodes estimated
biochemical parameters didnotshow
any clear before and after treatment corresponds to a small
modification,
but
the
enzyme
5 ‘-nucleotidase increase or, in some cases, even to a decrease in the
MLC relative response of the P-treated patients. On
deservesnevertheless a shortnotice.Thisenzyme,
essentially located on the plasma membrane of B- the contrary, BV patients showed an increased MLC
and T-lymphocytes, is involved
in
the
purine
response corresponding to ahigher difference in the
metabolism in relation to the immune response and number of infectious episodes. In fact, theSpearman
appears
to
participate
in
lectin-mediated
transrank correlation coefficient r = 0.54 is significant at
formation
and
proliferation
of lymphoid
cells
the level P < 0.01. Taken together,theseresults
(Edwards, Gelfand, Burk, Dosh & Fox, 1979; Rowe,
suggest that BV has
the
capacity
of restoring
De
Gast,
Platts-Mills,
Asherson, Webster & functionalproperties of normallydistributedbut
Johnson, 1980; Blatt, Reaman & Poplack, 1980). It underfunctioning componentsof the immune system
has been shown that in murine PBMC stimulated by and that its pharmacologic action
is exerted through
lectins as well as in chemically-induced tumor cells afunctionalandharmoniousmodulation
of the
the level of 5 ’-nucleotidasedecreases (Dornand, immunesystemasawhole,withoutspecifically
Remissiac & Mani, 1977; Raz,Collard & Inbar, affecting
particular
a
cell component. This
1978). In addition, similar results were obtained with remarkable effect which reaches its maximumat day
human
PBMC
stimulated by Con
A
(Losa,
30 mightdepend ontherouteofadministration.
unpublished). Very low levels of 5 ‘-nucleotidase Thus, it is conceivable that the orally administered
were also found in certain types of leukemia and BV firstexertsitsstimulation
throughthe
gutimmunodeficiencydiseases(Losa, 1982). Although associated lymphoid tissue (Owen,1977) and that the
we report here a decrease in 5 ‘-nucleotidase activity activated cells spread afterwards in the organism by
& Bienenin both BV- and P-treated groups (Table 2), these thelymphaticcirculation(McDermott
variations have probably no particular significance,
stock, 1979). The proved effectiveness together with
of the absence of any toxic or collateral effect pointout
being well contained within thenormalrange
of choice for correctingfunctional
activity(Losa,Morell
& Barandun, 1982). This BV asadrug
might further indicate that no patient suffered from disorders of the immune system.
arealimmunodeficiencywhenthis
is defined by
alterations of the following parameters, i.e. decrease
of circulating B lymphocytes andimpairment of Acknowledgements - Theskilfultechnicalassistance of
Mrs. GiovannaBosshard,ElisabettaHertensandAnita
antibody production (Losa et al., 1982). alterations
Unholz
is gratefully acknowledged.
of T-cells populations(Cohen,Mansur,Dosch
&
Wethank Drs. A. CattiandM.Mariottifortheclinical
Gelfand, 1980). disturbances of enzymes involved in evaluation of thepatientsand
Dr. C. L. Petralli for
the purine metabolism (Rowe et al., 1980).
providingirradiationfacilities.Theconstructivecriticism
Inouropinion,
BV mayexertitsaction
by of Dr. J. C. Farine was greatly appreciated.
Most interesting, the mean variation of the MLC
responseafter BV or P administrationcorrelated
positively with the difference in thenumber
of
infectious
episodes
(Fig.
4). The
correlation
is
statistically significant as calculated
by the Spearman
rank correlation coefficient (r=0.54, P < 0.01).
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