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Premise

Epidemiological and experimental studies have led to the
hypothesis that stimulation of the immune system by
certain microbial products may prevent or treat allergic
diseases (1-5). There are also bacterial products on the
market which have been proposed for treatment of
allergic diseases but their clinical efficacy is not well
documented, however.

The European Academy of Allergology and Clinical
Immunology (EAACI) appointed a Task Force to
critically evaluate available information on the potential
use of microbial products in allergy prevention and
therapy and to discuss guidelines for future research.
This first position paper is separately assessing the
effects of bacterial extracts, probiotics, mycobacteria,
oligodesoxynucleotides (ISS-ODN), and lipopolysaccha-
ride derived molecules in allergic diseases. The section
for each of the listed products is structured to present
the alleged rationale that would justify their use against
allergy and experimental data supporting it. Then, the
outcome of representative clinical trials are summarized
with regard to efficacy and safety (Table 1). Finally,
conclusions are made regarding their potential role in
allergic diseases and the eventual need for further
research.

As this is a very dynamically evolving field, the EAACI-
Task Force will keep monitoring the new developments
and will upgrade this position paper at regular intervals.

Bacterial extracts

Bacterial extracts are made from common pathogenic
bacterial species, mostly those involved in upper and
lower airway and/or urinary tract infections, with some
million bacteria of different species/ml. Some recent
studies have used bacterial lysate or bacterial surface
layer proteins. While early preparations were adminis-
tered subcutancously, newer ones are given orally.

Experimental data

Oral bacterial extract enhanced natural killer activity and
increased spontaneous and PHA-induced production of
TNF-alpha, IL-2 and IFN-gamma (6) in peripheral blood
mononuclear cells in vitro and the expression of adhesion
molecules (LFA-1, MAC-1, ICAM-1) in phagocytes (7).
Transcription and synthesis of IL-6 and IL-8 have been
observed in human lung fibroblasts cultured in the
presence of oral bacterial extracts (8). Bacterial extracts
inhibit serum-induced IL-12 expression in peripheral
blood lymphocytes (9) and were proposed to interfere
with other treatments, such as allergen-specific immuno-
therapy (10).

In human volunteers, oral bacterial extracts induced an
increase of IFN-alpha, IgA, and IL-2 concentrations in
the bronchoalveolar lavage, increased serum total IgG
levels and decreased serum total IgE levels (8). In
addition, bacterial lysate induced the appearance in the

461



Matricardi et al.

g dnoub ur uswanolduwl

'G8—6/1:66:L661
jounwwy ung Abisyy
‘AB1a||e pooy jo

ou !9 pue y 007 paAIgdal siayiow Juswabeuew ayy Ul (9) Jayrow
sdnoib Buowe yyuow 3S0YM "Yd paj-Iseslq 0| yoeosdde [anou e Buipasy
| Je 8103s [2IUI|D (9 + ogaoeid :$9110100.d -1sealq 0} 09 $njJ19eqo3oe7]
J0 Juawanoidwt Buinigoal "y 1 (g "3 1ne|os| so Jad (g 'V UMM paIjILIOo),
17 1ueayubis pue sejwig 8100s |ealul|) + palean 997 Yo gl (v uado + 9dgq  ewazds oidoyy ‘H eewelely  sdnoub) so Jag [NWIO0J 3|IW S,M0)
‘£E-622'6L:L661
Jounuwwy
euwisy ABla|y
‘uuy “ewyise
uo snjiydopioe
Juswieal SN||19eq039e7]
Buunp sajqerea 40 13edWI [RDIUID
8WO0IN0 Ul sa21pul 84l Jo Aujenb pue sunwiw| snjiydopioe snjjioeqojoe]
1T sabueyd jueaiyiubis oN ‘sanjen aujawouds 43d SYNpe G| '18A0-SS01D g( BUWYISY ‘e 18 O 48|38y S0 Jad Buiureuod unbop
‘sejuownaud ejjaIsqayy
‘£8-6/£1:92'6961 ‘sezuanjyul snjiydowaer]
VNV ‘Apms [eupnyibuo| e ‘Sijey1ie1ed eliassiap
pue Apnis puljg-ajgnop 'Sn22090wWnauy ‘sauaboAd
BWUISE SN01198jUI JO "BWUYISE SNOMIBjUI $N920003d8.3S
syoene Jo Ajienas Soposida uonajul yum Ul BUIIJBA |BLIBJIR] UMM ‘suepliIA $n220901d8.43S
pue Asuanbauiy ul paieldosse syoene euwiyise uoneziisuasodAy ‘sngje ydeis
Bl asealoap juedyiubig BWUYISE JO Jaquinp usIp|Iya z9 ‘usdQ Sno1oAJuI, zue] “IH Jajjeny snoauenagns ‘snaine snaaoaojAyde}s
suedigje epipue) +
aezuanjjul snjiydowaey
'012-202:87°€L61 Sijeyieea elgssisp
|0Big||y ey 'snaooaownauy ‘snaiAjoweey
"BWUYISE POOYp|Iyd $N920003d8.3S ‘SUBPLIIA
auljes sA 39 uaJp|Iya ‘sj013u0d BwyISe Ul 8ul99eA $ngaoo0idans ‘sngje yders
8l 30UBJaIp ON 81005 WoldwAg 8| SA paiean gl o ,Snonoajul, |BLIB1OBY "y OYYIAICY snoauenagns ‘snaine snao0JojAydels
uoneapaw
Jllewyisenue Ul ‘£21:€61-G961
0ga2e(d A paleal) VNV “ewyise sijiqesiw snajoid ‘esouibnise
aoualayip ou ‘dnolb Snonosyul seuowiopnasy ‘snaiAjowsey
0ga2e(d A paleal) pue saulaoeA $N920001d8.3S 'SUBPIIIA
Buowe swoidwAs 8100 UOIRIIPBW usJp|Iya ‘S]03U0I BUWIYISE |elis}oeg saoAwoydang ‘snge
[l JO uoaNpal ssa pue woldwAg Gl SA paleal G| 1dga ,Snonoajul, ‘e 18 ['A Buejuoq snoauenagng ydejs ‘snaine snaoodojAydels
'Sijey.Lie1ed snajoaoLalp|
‘1¥6:2'5561 'Sn200203d8.1S ‘8eZUBN|JUI H
MINg euwyise ‘snidas snjjioeq
JUBUENTLEEN] 'sn22090jAyde}s ‘sn||1aeq
uaip|iyd pue 8y} Ul SauIdIeA S Japue|pall{ 'snagooownauy
auljes sA 3gy S}npe 's|0Jjuod BUIYISE |elialoeq snouaboiny +(3gv) 10e1x8
9l 80UBJaYIp ON 8100s |ealul) ¥8 SA paieal} Q0| ad ‘uadg ,Snonoajul, ‘e 18 MV puepjues snoauenagng |elis1oeq snobojoiny
Y SyNsay  S8INseaw 8WoIN0 [edIul) paulwexa sjuaned ubisaQ aseasi( ERIIEIEIENY anoy uoneledalyd

Adesayy pue uonuansid ABisjje ur syonpoid [eiqosaiw Buisn sjews [ealulg "L 9|qeL

462



Microbial products in allergy prevention and therapy

ug|jod sseib
0} UOIEZINSUBS
unys Jo aaifisp Jo
uononpal Jueayiubis
pue 8100s
uonealpaw-woidwAs
10 Juswanoldu
uealiubis pey siusned
Buiniagal ogadeld 03
L pasedwod juauneal|

ug|jod sselb

yum sise} youd

S pajesy} '8100s
uonealpaw-woidwAsg

‘TLITHS yim
paiealy dnoib ayy ul
Ajuo 81008 siiewsap
JO pue pajoaye
AJR 8BNS AU} JO
15 uononpas Juedlubig

paquasald plolals
|eaidoy jo Aausyod
'8100s Sljijewlsp
‘paldaye eale
90BN UIYS

dnoub ogade|d ayy pue dnolf
AADH 8yl 1o ANad

ay} Jayla usamiaq BWUISE ‘81008

$9|gelIeA BWOJIN0 uonealaw-woldwAs
0§ ur saausIalIp ON  (43dININ) 43d Butuiow uesjy

suoneqiadexs

9 dnoib Jo gg/L€ pue ‘g
dnoib o gz/9 'y dnolb
4o 9¢/6 Ut pasouBelp
T ewszo8 a1doyy

'BWBZI9

aidoze Jo (QyHOIS)
Aianas pue aauasald

sdnoib
Buinisoal ogsaeld pue
JUsWIesl} usamiaq
[ S30UBIAHIP ON

‘1581 abusjjeya
|eso uado ‘8102s
uonealpaw-woydwAg

7 dnoJb o g/y
pue g dnolb o g/6
‘v sdnoib jo s198(gns
6/6 Ul QvH40IS 40
w uswsnolduwi JuediubIS

(avH02s)
BWSZI9 JO Alllanag

0ga2e|d BuiAlgdal (g ‘8ulddeA
uajjod sseib-1diN
Buiniggal |8

‘sleah g 01 G
uaipiyo Ly

(0ga2eld ANMH

‘ANQQ) sdnoib ¢ ul

papIAIp ‘siesh (g
01 9| ‘synpe zy

dnoub ogaoeld
4989 (3 + 991
PaAIBdaI SIBUIOW BSOYM
U9 paj-isesiq gz
(g + palean 997 Y2 9¢ (v

s1npe /1ussa|ope g

‘(6 = u "9 dnouf)

sanoiqold

INOYUM 10 ‘(g = U

‘g dnoib) 997 yum

(6 = u 'y dnoib) z1-qg
UHM ejnuioy Asym

(813u8213 W)

G06-8617:95'100Z ABia|ly
'suonaslul jeuoseasaid

1noj Ajuo Jaye swordwAs
21613||e saanpal y/ pidi]
[Aoydsoydouo|y
‘JueAn(pe |anou e
Buiuiejuoa auiadea
ABl1a||e aiy108ds uajjod
sself pajela|oi-|jam y
‘e 18 ry Biaquayaelq

s199(qns paziyisuss
us||od-sseib ul
SIAOUN[UCIOUIY

9dgq 2Bls|je |euosess

¥—1€G:£01-100Z |ounwuw|
uly ABis)|y 1 -aseasip
919A85-0}-81B13POW U}IM
UBIP|IYd Ul Siyjewisp
21doje Ul Juswanoidwt
UMM PBIBII0SSE S|
{z£1 14g) uoisuadsns
9BJJBA WNLIBJIBGOIA
paj|y e JO uonedsiulwpe
[BWIBpEAU| [ PIABRQ
'0d Wby

v-0lyL:€9lAey
100Z P3N 81e] 3]
Jidsay [ wy ewyise ul
9BIJBA WNIIB}IRGOIAN
pajin-1eay pue (ANQQ)
palepidi|ooA|Bap paiepidijap
40 103}43 8Y|

‘e 19 INd HIPHIYS

6-9/01:£G€E 1100 18ue]

‘|eusy pajjosu0d-ogade|d

pasiwopuel e :aseasip

oidole Jo uonusaaid Arewnd
Ul S31301G0Id “[E 38 |\ Pfewol|je)

adga  sinewssp adoyy

Jd40  Adole yum ewipsy

9-EvZ:L€°200Z
ABJa)y “Apmis puijg-ajgnop
pa||01u03-0g82e|d \y-ABls||e us|jod
youiq uo “(€0LES JJLv) snsouweyi
SNjJ198q03IE7 ‘UlRllS |BLIBIIR]
[BUIISBIUI UB YNM Juswleal)

|BJO JO 108}}3 ON ‘|E 38 | UljaH

s109(gns paziyisuas
yauIg Ul ewyise

9dga  pue smuiy oibis|ly

0191-¥091:0€:000Z ABla|ly dx3 ully
‘ewazas didole Jo juswabeuew

ad ewszas 9idory U} Ul $21301q0i4 ‘| 18 ‘J 1ne|os)|

10e11%8 us||jod sseib
+ ueAnfpe (1dIN)

snoauenagng v pidi| |Aloydsoydouo|y

uoibal pioyjsp
ayy ul
Ajlewiapelul

uoibal pioyjap
ay} ul
Ajjewsapeinuy)

s0 18

S0 Jad

S0 Jad

(¢L174S)
aeaoen |\

pa||y 1eaH

(AWMH) 8B3%8A |\
paAeja0Ine 1o

(AWaQ) seader |
paiepidi|03AdA|Bap
‘parepidijag

99 snjjoeqoioe]

99 snjjlaeqoioe]

(997) 99 snjjioeqoiae]

yum 1o (z1-99)

S19€| Wnis}aeqopllg
UM BInuwIoy ASUAN

463



Matricardi et al.

tonsil of cells producing antibodies specific for the
molecules contained in the lysate itself (11).

No recent experimental studies have been published on
bacterial extracts given subcutaneously.

Proposed rationale for use against allergies

Oral bacterial extracts have been primarily proposed as
“modulators” of the host local immune response. They
were believed to increase the resistance of the respiratory
tract mucosa to bacterial infections and consequently to
prevent or cure bacterial infections.

Based on the hypothesis that specific IgE antibodies
directed towards bacterial antigens contribute the path-
ogenesis of allergy (12), bacterial extracts have also been
proposed many decades ago to be active against airway
allergies, particularly rhinosinusitis and asthma, and
injected subcutaneously.

Clinical studies

Most clinical trials of bacterial extracts investigated
efficacy against respiratory infectious diseases. An analy-
sis of these trials falls beyond the scopes of this position
paper and is available elsewhere (12, 13).

A reduction symptoms was reported in 75% of 120
asthma patients treated for 3 years with oral bacterial
immunotherapy (14). Another open study from the same
group described a favourable response to oral bacterial
immunotherapy in 86% of children aged 2-10 years (15).
No double blind, placebo controlled studies using oral
bacterial extracts against allergies have been published
so far.

Bacterial immunotherapy of allergic diseases with
subcutaneous injections has been prescribed widely for
decades, but its use has shrunk dramatically in the recent
years. Double-blind studies using subcutaneous injections
with bacterial extracts did not demonstrate any clinical
efficacy in asthma (16-18). Notably, these studies were
criticized for using insufficient concentration of bacteria
and too short treatment period (19). However, only one
DBPC study completed in the 1960s showed a reduction
in the frequency and severity of asthma attacks in relation
to infection episodes (20).

Safety

All of the above mentioned clinical studies did not record
any serious side effects, while minor side effects included
gastrointestinal symptoms and skin rash (14-20).

Conclusions and perspectives

Bacterial extracts marketed earlier, showing minimal if
any effect, contained probably too low amounts of
bacterial material (107°-1077) to induce an immune
response via injection at weekly or longer intervals. There
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is no recently published evidence in favour of a clinical
use of so-called bacterial extracts against asthma and
allergic diseases. International recommendations formu-
lated in the first half of the 1990s excluded a role for
bacterial extracts available in commerce at that time in
the treatment of asthma (21-23) and no studies in favour
of this treatment have been published recently since then.
No studies assessing the preventive effect of oral bacterial
extracts on the development of an atopic trait are
available.

Probiotics

The term ““Probiotics™ is referred to living or inactivated
organisms that are claimed to exert beneficial effects on
health when ingested, and several definitions have been
proposed and then changed over time (24). The most
commonly used probiotics are lactobacilli and bifidobac-
teria, but enterococci and E. coli have also been proposed
as such in the light of the above definition.

Experimental data

Several studies in human volunteers report that ingestion
of probiotic bacteria or fermented milk products triggers
the production of interferon-gamma by blood leukocytes
(25-27). Increased IL-2 responses after stimulation by
T cell mitogens was also observed in blood T cells from
people ingesting probiotic bacteria (27-28). Ingestion of
probiotic bacteria increased the phagocytic capacity of
blood polymorphonuclear leukocytes (28-30), triggered
respiratory burst (26, 29) and increased expression of
complement receptor 3 (CR3) on these cells (31). Lacto-
bacilli stimulate ample IL-12 production in human
macrophages in vitro (32, 33).

Proposed rationale for use against allergies

Considerable circumstantial but little direct evidence
support a relationship between the composition of the
intestinal flora and allergies. The gut of infants born in
poor areas of developing countries, where allergy preval-
ence is rather low, is colonized earlier by enterobacteria
(34), enterococci, lactobacilli and eubacteria (35, 36) and
displays a higher turnover of different E. coli strains in the
intestinal microflora (37) compared to the gut of infants
born in developed countries, where allergies are more
frequent. In a prospective study among Swedish and
Estonian infants, the counts of coliform bacteria were
higher in the atopic children while bifidobacteria were
more prevalent in controls by 2 years (38). In a pros-
pective study in Finland infants developing atopic sensi-
tisation at 12 months had more clostridia and fewer
bifidobacteria in the first 3 weeks of life than infants who
did not develop allergy (39). Similarly, lower prevalence
rates of bifidobacteria were reported through the first



year of life in infants who developed allergy during their
first two years of life than in those who did not (40); the
real relevance of the observed differences on the local
immune system and their impact on the development of
atopic responses is still to be demonstrated. Moreover,
lower counts of lactobacilli have not been reported so far
in allergic infants.

Clinical studies

A few studies have examined so far the effect of probiotics
on asthma and allergic symptoms. An extensively hydro-
lyzed formula containing Lactobacillus rhamnosus GG
(LGG) was given to infants with atopic eczema and cow’s
milk allergy (41). The SCORAD rate decreased in both
groups, however, and the two groups were not compared
statistically after treatment. In the LGG group, fecal
alpha-1-anti-trypsin concentrations and TNF-alpha con-
centrations decreased, whereas serum ECP was unaltered.
This is an interesting observation, but it needs to be
shown that the presence in the intestinal contents of
lactobacilli have not changed the milieu in a way that
would decrease the survival of these molecules (e.g. by
lowered pH, increased water content, increased content of
organic acids).

In a second study, the same group gave exten-
sively hydrolysed whey formulas supplemented with
Bifidobacterium lactis Bb-12, or with Lactobacillus
rhamnosus GG, or not supplemented with probiotics to
three groups of 9 infants each (overall mean age
4.6 months) who manifested atopic eczema during
exclusive breast feeding. Both formulas supplemented with
probiotics produced a significant decrease in SCORAD
values in all the infants after two months of treatment,
while only 4/9 children had a similar improvement in the
group fed with the unsupplemented formula (42).

In a double-blind cross-over study, 15 adults with
moderate asthma received for one month yoghurt with
live lactobacilli and yoghurt without lactobacilli for
another month; no differences in spirometric functions
were detected between the two groups (27). In a DBPC
study, no reduction of the symptom-medication score
was found in 18 teenagers and adults treated with
L. rhamnosus, as compared with controls, nor was
sensitisation to birch pollen and apple reduced by the
treatment, as assessed by challenge test (43). It was not
stated however whether L. rhamnosus colonized or
induced any changes in the intestinal microflora.

Lactobacillus rhamnosus GG has been tested for its
ability to prevent occurrence of allergic diseases if
administered from birth and to pregnant mothers (44).
In a DBPC trial comprising 132 Finnish children with a
family history of allergy Lactobacillus rhamnosus GG or
placebo were given daily for 2—4 weeks preceding delivery
to the mothers. After birth LGG or placebo life breast-
fed infants was given orally to the babies or to the

Microbial products in allergy prevention and therapy

mothers if breast feeding. “Atopic eczema” was diag-
nosed at 12 months of age in 9/36 (25%) of infants
receiving LGG orally, 6/28 of infants whose mothers
received LGG during the breast-feeding period, and 31/
68 (46%) in controls. Sensitization, i.e. induction of
specific IgE as measured by in vitro IgE-test or skin prick
test was similar in the active and control groups. Thus,
the treatment did not protect against IgE-mediated
sensitization. Despite that, the authors concluded that
Lactobacillus rhamnosus GG was effective in preventing
early “‘atopic disease” in children at high risk not only
when ingested by the babies themselves, but also when
these babies do not receive Lactobacillus GG, provided
that it is ingested by their breast-feeding mothers (44).
Data demonstrating that all these “treated” infants were
actually colonised by lactobacilli were not given in this
study nor in the accompanying reference (41).

Safety

The administration of living organisms, even if consid-
ered normal and non-pathogenic as probiotics, must be
regarded as potentially dangerous in individuals with
primary or acquired immunodeficiency. Anecdotal cases
of severe infections or fatalities linked to bifidobacteria or
lactobacilli have been reported. Thus, meningitis caused
by bifidobacterium was described in an infant treated
with probiotics (45) and a patient became fatally septic-
aemic with a vancomycin resistant strain of Lactobacillus
rhamnosus contained in a live yogurth (46). As infants
have lower colonization resistance and are immunolog-
ically naive as compared with adults, it is reasonable to be
cautious when considering administration of probiotics to
newborn infants. It is controversial whether lactobacilli
are part of the normal intestinal microflora in early
infancy or not: some studies have reported that they are
frequently found whereas others described low frequen-
cies (37). The controversy is probably due to methodo-
logical differences. Colonisation by bifidobacteria at one
week of age was more frequent in infants who later
developed allergy, than in infants who remained healthy
(40). Since we still do not possess compelling evidence
that allergy is a disease caused by lack of bacterial
stimulation, nor the mechanisms by which bacteria would
prevent against allergy development, basic and clinical
studies are required before recommending microbial
treatment to infants.

Conclusions and perspectives

Evidence supporting the use of probiotics in the preven-
tion or treatment of allergy or allergic diseases is still
preliminary, and although preclinical studies are of
interest, clinical studies are not conclusive yet. More
studies are therefore essential. Any clinical trials using
probiotics in newborns should be carefully monitored.
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Mycobacteria

Mycobacteria are ubiquitous in the environment and
include more than 80 species in soil and untreated
water. Some of these, such as BCG or its components,
have been utilised in humans as immunostimulators,
but not as therapy against allergic diseases. The non-
pathogenic mycobacterium, M. vaccae, has been pro-
posed for the prevention and therapy of allergic
diseases (47).

Experimental data

Mycobacterium vaccae (M. vaccae) has been reported to
prevent sensitisation in rodents and inhibit generation of
Th2-type cytokines in response to ovalbumin and to
reduce allergic inflammation (48). It was also associated
with reduced serum IgE and IL-5 synthesis by spleen cells
taken from sensitised mice (48).

Proposed rationale for use against allergies

Natural exposure to environmental mycobacteria has
been suggested as being able to promote Thl-type
cytokine responses and has, therefore, been suggested to
possibly prevent allergy (49). It has been hypothesized
that administration of saprophytic mycobacteria in
childhood could stimulate the generation of Th1 cytokine
responses to common allergens and that this would help
to prevent or treat allergy (47).

Clinical studies

A limited number of studies have so far been conducted
with M. vaccae, but only two have been published in peer-
reviewed journals.

In the first clinical study with M. vaccae, 42 patients
with stable moderately severe asthma who were skin prick
test positive to house dust mite, were randomized to
receive two intradermal injections of either phosphate-
buffered saline (placebo), heat-killed M. vaccae (HKMYV)
(0.5 mg), or delipidated deglycolipidated M. vaccae
(DDMYV) (0.05 mg). Markers of asthma severity (mean
morning PEF, symptom-medication score) were meas-
ured for 3 months and blood eosinophils, IgE levels, and
T cell proliferative and cytokine responses were monit-
ored. There were no significant differences between either
treatment group and the placebo group for any of the
outcome variables. There was also no difference between
the treatment groups and placebo for eosinophil, IgE
levels, or the T cell proliferative and cytokine response.
The results indicated no effect of low dose intradermal
DDMYV or M. vaccae on asthma severity in patients with
established asthma (50).

In a second study, significant reduction in the extent of
eczematous changes was observed in children with atopic
dermatitis 3 months after a single intradermal dose of a
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preparation of killed M. vaccae (SRL-172) (—48%, 95%
CI 32% to 65%, P = 0.001) but not in those receiving
placebo (—4%, 95% CI -29% to 22%). None of the
children, however, had complete resolution of their
dermatitis (51).

Safety

The safety and tolerability of M. vaccae has been
examined in both patients with allergic diseases (50, 51)
and in patients with melanoma (52). Erythematous
subcutaneous lumps were commonly observed at the site
of injection in children with eczema; the magnitude of the
local reaction was not related to the severity of eczema,
prior BCG vaccination, or response to treatment and the
effect resolved spontaneously (51). Side-effects observed
in trials of patients with cancer included rare cases of
confusion, anaemia, small bowel obstruction, suspected
pneumonitis, shortness of breath, cellulites and abdom-
inal pain. However, because of the serious nature of the
underlying disease, a clear cause-effect relationship
between these observations and M. vaccae cannot be
established (52).

Conclusions and perspectives

Clinical studies of efficacy of existing mycobacterial
preparations in the prevention and therapy of allergy
and asthma are still in a preliminary phase. The only two
trials completed so far have not fulfilled the enthusiastic
expectations raised on theoretical grounds (47), showing
some efficacy in eczema but little or no efficacy in asthma.
Further information on their efficacy may come from
other trials currently in progress.

Immunostimulatory Sequences of bacterial DNA (ISS-ODN)

Immunostimulatory sequences DNA (ISS) and their
synthetic oligodeoxynucleotides analogs (ISS-ODN, also
known as CpG motifs) are derived from bacterial
genomic DNA and provide immune activation and Thl
adjuvant activity in mice (53-55).They contain an
unmethylated CpG dinucleotides core within a given
hexamer occurring at a frequency of 1 in 16 in many
prokaryotic genomes but much less frequently, and
moreover in a methylated form in eukaryotic genomes
(56). The effect of bacterial DNA on human cells is
weaker. Recent reports confirm a Thl stimulating activity
of ISS-DNA in various human systems (53, 57), however
some others did not identify IL-12 induction by bacterial
DNA (58).

Experimental data

In mice, ISS-ODN were found to exert diverse effects on
the immune response, whose description falls beyond the



scope of this position paper and that have been reviewed
elsewhere (59). Immunization using ISS-ODN as an
adjuvant resulted effective in rodent models of allergic
disease, including anaphylaxis (60), asthma (61), and
allergic conjunctivitis (62). Mice sensitised to an allergen
but treated with ISS-ODN alone (as an immunomodu-
lating agent) had attenuated hypersensitivity responses to
subsequent allergen challenge (59). ISS-ODN were as
effective as corticosteriods in the prevention of the
immediate phase hypersensitivity response of allergic
conjunctivitis, and more effective than corticosteriods in
the prevention of the late phase inflammatory responses
seen in murine models of allergic conjunctivitis and
asthma (59).

In a human system, synthetic phosphorothioate ODN
were able to induce B cell proliferation and to shift the
in vitro differentiation of Dermatophagoides pteronyssi-
nus group 1-specific hCD4+ T cells from atopic donors
into Thl phenotype (63). ISS-ODN led also to a
significant increase of IFN-gamma production by NK
cells through an IL-12-dependent mechanism and
increased mRNA expression of IL-12 and IL-18 in
hPBMC and monocyte-derived dendritic cells both in
atopic and non-atopic individuals. In hPBMC from
atopic patients stimulation with ISS-ODN led to a
considerable increase of polyclonal IgG and IgM
synthesis while the production of total IgE was sup-
pressed. ISS-ODN induced also a significant rise of 1gG
and IgM specific for allergens to which the patients were
sensitised whereas allergen-specific IgE levels remained
unchanged (64). ISS-ODN induced IL-12, IFN-alpha,
IFN-gamma, IL-10, and IL-6 production from hPBMCs
from both non-atopic and atopic donors, increased
expression of IFN-gamma receptor and decreased ex-
pression of IL-4 receptor on B cells from both atopic
and non-atopic donors (65). Furthermore, ISS-ODN
inhibited IL-4-dependent IgE production in vitro. Neut-
ralization of IL-12, IFN-alpha, IFN-gamma, and IL-10,
but not IL-6, attenuated the inhibitory activity of ISS-
ODN on IgE production. In contrast to its inhibition of
IgE synthesis, ISS-ODN stimulated the production of
IgM, IgG, and IgA (65). Amb a 1, the immunodominant
allergen in ragweed pollen, was conjugated with ISS-
ODN and the activity of this Allergen-ISS conjugate
(AIC) was investigated in hPBMC cultures from subjects
with ragweed allergy. AIC reversed the dominant
allergen-induced Th2 profile and enhanced IFN-gamma
production (Thl profile) (66).

Proposed rationale for use against allergies

The experimental evidence exposed so far has prompted
the study of ISS-ODN as an anti-allergic vaccine adju-
vant and immunomodulator, on the basis of the hypo-
thesis that THI1 stimulation in humans by this molecule
may prevent or reverse allergic immune responses as it
was shown in mice.

Microbial products in allergy prevention and therapy

Clinical studies

ISS-ODN are currently evaluated in clinical trials as
vaccine adjuvants for infectious disease, allergy and
cancer (67). Only one phase I-II clinical trial using the
major ragweed allergen (Amb a 1) conjugated (AIC) to
ISS-ODN in allergic patients has been reported so far (68,
69). AIC were less allergenic than allergen extract used
for conventional immunotherapy, as measured by skin
testing and serum levels of anti-Ambal IgE antibodies
and induced higher serum anti-Ambal IgG levels than
conventional immunotherapy with ragweed extract (66).
No data from clinical trials using free ISS-ODN as
immunomodulator have been published so far.

Safety

Patients treated with ISS-ODN as a vaccine adjuvant for
infectious agents or for cancer did not present any major
adverse reactions (67). As mentioned above, patients
treated with AIC had less adverse effects than those
treated by conventional immunotherapy (68, 69). In
principle, a strong Thl adjuvant might facilitate the
development of some autoimmune reactions or autoim-
mune diseases, but such evidence has not been reported in
ISS-treated patientsor primates (67-70).

Conclusions and perspectives

Clinical trials using ISS-ODN in allergy prevention and
therapy are in progress. It is still uncertain whether ISS-
ODN exerts a comparable immunostimulatory activity in
humans as observed in mice. The safety, the potency and
the immune profile induced by ISS-based immunothera-
peutics in allergic patients needs to be asessed.

Lipopolysaccharide derived molecules

Lipopolysaccharide (LPS) derivatives are molecules
obtained by modification of LPS isolated by the outer
membranes of gram negative bacteria. A molecule
originated from LPS of Salmonella minnesota R595, the
Monophosphoryl Lipid A (MPL), has been proposed as
an adjuvant for vaccine antigens (71), and is the only LPS
derivative utilized so far in trials against allergic diseases
(72).

Experimental data

In an animal model, LPS exposure can prevent allergen
sensitization and abolish the late phase inflammatory
response in already sensitized mice (73). MPL has
similar potent adjuvant properties of LPS (71, 74), but
is less toxic, as it has a reduced ability (relative to LPS)
to induce proinflammatory cytokines (75). Indeed, in vitro
MPL can induce in mouse peritoneal macrophages
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higher levels of IL-10, the anti-inflammtory cytokine
which reduces the production of proinflammatory
cytokines (75). Accordingly, levels of pro-inflammatory
cytokines such as TNF-alpha, IFN and IL6 induced by
MPL in vivo are much lower than those induced by LPS
(76). MPL was also shown to activate in vitro antigen-
presenting cells and elicit cytokine cascades (71), and to
induce in mice systemic antigen-specific antibodies
following intranasal administration combined with
tetanus toxoid, hepatitis B surface antigen, or Influenza
A/HK/68 (77). MPL combined with L-tyrosine is
synergistic in enhancing murine antigen specific IgG
antibody responses without enhancing antigen specific
IgE responses. Furthermore, this adjuvant combination
promoted strong IgG2 antigen specific responses indica-
tive of a Thl directed response. In KLH sensitised rats,
treatment with MPL was shown to prevent a secondary
IgE antibody response when injected with antigen
boosters (78).

Proposed rationale for use against allergies

It was hypothesised that environmental LPS or endotoxin
exposure would stimulate in humans THI immune
responses and that this would protect against the devel-
opment of atopy and asthma (79, 80). LPS exerts also
severe endotoxic effects which limit its potential use as a
therapeutic agent (74, 81). On this basis, LPS derivatives
that could maintain immunostimulating properties of
LPS but not its toxicity were tested in vivo as modulators
of specific immune responses, including those against
allergens (72, 82).

Clinical studies

A vaccine comprising a tyrosine-adsorbed glutaralde-
hyde-modified grass pollen extract containing MPL
was tested in a multicentre, placebo controlled, rand-
omised, double blind clinical study (72). Four subcu-
taneous injections of the active product were given
preseasonally to 81 grass pollen sensitive subjects and
60 received placebo injections (tyrosine alone). Patients
under active treatment, compared to patients receiving
placebo, reported less nasal and ocular symptoms and
combined symptoms, a lower medication score, a
reduction of skin sensitivity, and a rise of IgG, but
not of IgE antibodies against grass pollen (72).
Mechanisms underlying the observed effects were not
shown.

Safety

MPL is 100-10,000 times less toxic than LPS (83). It is
well tolerated in different populations when given as the
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prophylaxis against hepatitis B (84) and malaria (85).
Toxicology studies at the Paul Ehrlich Institute, has
confirmed the use of this new product in clinical trials
(72). Allergic patients treated with MPL combined with
grass pollen extracts experienced side effects (redness/
swelling and/or pain and/or itching) at the injection site,
but no serious or severe systemic reactions (72).

Conclusions and perspectives

The use of LPS derivatives as adjuvants in the control of
allergic diseases is potentially of interest as they modu-
late specific and non specific immune responses (3, 86).
Results obtained in the first trial using MPL combined
with grass pollen extract on patients with pollenosis
provided rather weak, although significant improve-
ments (72).

Concluding remarks and future updates

Advances in molecular mechanisms regulating immune
responses against infectious antigens are being extended
to vaccines against allergic diseases. Hopefully, this will
reduce the gap between the efficacy of vaccines aimed to
protect against infectious diseases and those that should
prevent or cure allergic diseases. The five strategies
discussed in this position paper diverge with regard to
scientific rationale and reliability and they are in different
stages of research. Even those preparations that have
been evaluated in clinical trials have not been conclu-
sively documented and their use should be considered as
experimental. Although the issue of using microbial
products in allergy prevention and therapies is of great
interest and although experimental data are supportive in
this respect, the number and quality of clinical studies
are insufficient to reach any definitive conclusion about
the usefulness of this approach. Actually no level of
evidence can be ascribed to the different treatments due
to the variable effects or the extremely small number of
patients included in the studies. However, performance
of studies fulfilling the criteria of evidence based medi-
cine should be strongly encouraged. The rationale
proposed in some of the five strategies considered in
this position paper were based on the THI1/TH2
paradigm, viewed from the perspective of who is
interested mainly in TH2 diseases and looks for
up-regulating TH1 effects. However, the effects on T
regulatory cells should also be examined in future
studies. A wider anti-inflammatory approach where both
TH1 and TH2 inflammation are targeted by stimulation
of T regulatory cells, in keeping with new explanations
for the hygiene hypothesis (87, 88), can be considered an
issue of future experimental research.
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