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MEETING SUMMARY

The 1st biennial WAidid Congress held in Milan, Italy, brought together academics and clinicians from the 
broad field of infectious diseases and immunology. The conference was founded in order to create a  
network connecting this diverse field and to allow the showcasing of data and therapeutic techniques 
amongst specialists concentrating on different age groups and organs. Prof Roth and Conference Chair 
Prof Esposito presented a symposium on the use of immunomodulation for prophylaxis against recurrent 
respiratory tract infections on Day 2 of the conference. 

The symposium covered risk factors in the paediatric population and different treatment options 
for recurrent respiratory tract infections before focussing on the immunomodulatory prophylactic  
OM-85 (Broncho-Vaxom®, Broncho-Munal®, Ommunal®, Paxoral®, Vaxoral®). OM-85 is an orally administered 
immunomodulator, which has been shown to provide protection against respiratory infections of both 
viral and bacterial aetiologies in patients at high risk of recurrent infection. The symposium detailed the 
immunological mechanism of OM-85’s protective effects as well as safety and efficacy data in various 
patient populations.
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RISK FACTORS AND PATHOGENS IN 
CHILDHOOD RECURRENT RESPIRATORY 
TRACT INFECTION 

Recurrent respiratory tract infections (RRTIs) are 
extremely common in the paediatric population.  

In the absence of any underlying contributory 
pathological condition, an infection frequency 
of ≥8 episodes/year in infants and ≥6 episodes/
year in children >3 years old is considered to  
represent recurrence.1



 RESPIRATORY SUPPLEMENT  •  June 2016 EMJ  EUROPEAN MEDICAL JOURNAL  RESPIRATORY SUPPLEMENT  •  June 2016 EMJ  EUROPEAN MEDICAL JOURNAL 2 3

Childhood itself, with its temporary immune  
system immaturity, may be said to be the primary 
cause of RRTI in the paediatric population.2  
However, numerous other modifiable and  
non-modifiable risk factors also contribute to  
the overall risk of recurrence. Modifiable risk  
factors include daycare attendance and passive 
smoking, while non-modifiable risk factors include  
prematurity, genetic predisposition, and atopy.3 

Immunological immaturity is characterised  
by reduced neutrophil chemotaxis; reduced 
phagocytosis and reactive oxygen (RO2)   
production; reduced CD4+, CD8+, CD19+, and natural-
killer lymphocyte numbers; reduced production  
of the cytokines interleukin (IL)-12, IL-10, and 
interferon gamma (IFN-γ); decreased synthesis of 
immunoglobulin (Ig)M, IgA, and IgG; and reduced 
antigen response. In addition,  polymorphisms of a 
number of genes (TLR4, CCR5, IRAK4, and FcgRIII) 
may contribute to impaired immunity, both during 
childhood and throughout life.4

Viruses are responsible for the vast majority 
of respiratory tract infections (RTIs; ≥80%). 
Common causal agents include human rhinovirus,  
respiratory syncytial virus, adenoviruses, and 
influenza virus.5 Bacteria spp. also represent 
aetiological agents, both alone and as bacterial 
superinfections, commonly following acute viral  
infections.6 Viral infections cause and contribute  
to serious respiratory conditions, which may result  
in hospitalisation. For example, in school-aged 
children, viral upper RTIs correlate with hospital 
admission for asthma.7

TREATMENT AND PROPHYLAXIS 
FOR RECURRENT RESPIRATORY 
TRACT INFECTION

Due to the preponderance of viral respiratory 
infections, antibiotics are only indicated in a limited 
number of specific conditions. However, antibiotic 
misuse is a worldwide healthcare issue, leading to 
a crisis of resistant pathogens and the threat of 
entering a post-antibiotic era. Therefore, there is 
a significant unmet need for additional antibiotic 
therapies and strategies to reduce infections. 
Prevention can be aimed at reducing modifiable 
risk factors or at protecting against non-modifiable 
risk factors by using active strategies in those at  
high risk. 

Active, effective, and widespread immunisation 
remains the ultimate prophylactic strategy against  

both bacterial (Pneumococcus [for example, the 
pneumococcal conjugate vaccine], Haemophilus  
influenzae type B, Bordetella pertussis,  
Staphylococcus aureus) and viral (measles 
and influenza) pathogens. Viral influenza is  
an important contributor to infant mortality 
particularly in young infants, and inoculation has 
significant benefits in reducing influenza and 
associated acute RTIs such as otitis media and 
pneumonia. In addition, vaccination controls 
transmission, resulting in indirect protection of  
other at-risk groups.8,9 For example, a Japanese 
childhood-vaccination programme produced 
dramatic effects on all-cause, influenza, and 
pneumonia-related deaths in all age groups when 
school-aged children were vaccinated (Figure 1).10

Alternative active-prevention strategies, such as 
proven effective immunomodulators, are useful 
and necessary, particularly where vaccinations 
are not available or in unvaccinated populations. 
Immunomodulatory agents include: bacterial  
lysates, pre/probiotics, immunological extracts, 
synthetic products, hormones and hormone 
derivatives, and natural/herbal products.

OM-85: AN ORALLY ADMINISTERED 
RESPIRATORY IMMUNOMODULATOR

OM-85 is an oral, bacterial, soluble extract  
comprising lysates derived from 21 different strains 
from five bacterial genera: Haemophilus influenzae, 
Streptococcus (pneumoniae, sanguinis, and 
pyogenes), Klebsiella pneumoniae (ssp. pneumoniae 
and ssp. ozaenae), S. aureus, and Moraxella 
catarrhalis.11 Since its introduction in Switzerland 
in 1979, 94 million patients have been treated 
with OM-85, close to half of whom (46 million)  
were children.12

Bacterial exposure is known to induce immune 
system development and reduce allergic  
sensitisation. However, repeated infection can  
induce chronic inflammation, remodelling, and 
asthma in children, particularly in those with risk 
factors such as a family history of atopy. The 
broad effects of OM-85 may be viewed as a  
benign mirror of the effects of bacterial exposure: 
immune system activation that defeats bacterial 
infection, and immunoregulatory effects which 
reduce inflammation and the harmful consequences 
of immune system over activation.13

OM-85 therapy results in respiratory immunity 
and protects against both viral and bacterial  
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pathogens.14,15 Evidence from animal models  
suggests that lysate passes through the digestive 
system without being substantially modified 
and activates microfold cells in the Peyer’s 
patches of the gut’s mucosa-associated lymphoid  
tissue. Microfold cells are specialised to transport  
particles across the gut’s epithelial barrier,  
delivering antigens to antigen-presenting cells,  
such as dendritic cells (DCs).16

OM-85 has been shown to directly activate the 
immune system via DCs. DCs act as the sentinels 
of the immune system and are key in shaping 
the immune response through their antigen-
presenting function and the release of cytokines, 
which promote the maturation and activation 
of immune cells. OM-85 stimulates DCs through 
activation of pattern recognition receptors, resulting 
in the release of chemokines including: CXCL8, 
CXCL6, CCL3, CCL20, and CCL22 which, amongst 
many other functions, promote phagocytosis;  
IL-12, interferon (IFN)γ, and IFNα, which have 
antiviral activity (T helper [Th]-1 response); and  
IL-6, IL-10, and B cell Activating Factor (BAFF),  
which activate polyclonal antibody producing 
B cells, bypassing Th cells.11,13,17 Importantly, this 
cascade of cytokine production and cell activation 
provides mechanistic evidence from animal 
models for OM-85’s ability to reduce both viral 
and bacterial infections through cytokine and  
antibody production.11

OM-85 IN CHRONIC INFLAMMATORY 
LUNG DISEASE 

The majority of commonly used therapies  
for chronic inflammatory lung disease 
(CILD) (glucocorticoids, β2-agonists, and  
phosphodiesterase inhibitors) target inflammation 
or bronchial muscle cells to reduce symptoms 
and have little or no effect on infections, which 
commonly drive the underlying disease and cause 
exacerbations. Anti-IgE therapies using humanised 
antibodies reduce IgE receptor activation,  
a common pathological consequence of CILD. 
However, data suggests cytokine specific 
humanised antibodies targeting IL-1, IL-4, IL-17,  
IL-5, IL-13, and CXCL-2 have limited efficacy or are 
likely to be efficacious only in certain subtypes  
of patients.18

A recent review of the mechanisms of CILD 
emphasised the central role of non-immune 
epithelial cells as the first cells that are exposed  
to inhaled bacteria or viruses.19 Epithelial cells are  
the primary target cells for most respiratory 
viruses and the site of viral replication, which 
occurs before the spread of infection to other  
cell types. These cells directly interact with  
macrophages, and in addition affect mesenchymal  
smooth muscle cells and related myofibroblasts, 
which are now recognised as a major source  
of proinflammatory stimuli and cytokines in CILD.  

Figure 1: Average minimum change in excess deaths attributable to pneumonia and influenza, and  
all-causes, in Japan and the United States.10
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Furthermore, epithelial cells interact with immune 
cells, including mast cells, B cells, and eosinophils, in 
response to infection. In addition, activation of DCs 
by viruses leads to downstream activation of both 
eosinophils and Th cells.19

A recent publication on asthma prevention 
highlighted the use of microbial products such 
as bacterial lysates in CILD to target infections.20  
OM-85 directly affects the action of macrophages 
and modifies the response of Th cells. Furthermore, 
OM-85 acts on mast cells and eosinophils, reducing 
eosinophil numbers. Macrophage activation by  
OM-85 was suggested to occur via Toll-like  
receptor (TLR)-2 and TLR-4. Researchers found an 
increase in proinflammatory cytokines IL-1β, IL-6,  
and tumour necrosis factor-α (TNF)-α production 
also mediated via TLRs acting on both extracellular 
signal-regulated kinase (ERK)-1, ERK-2, and nuclear 
factor kappa B (NF-κB) signalling pathways.21 While 
these data were obtained from macrophage cell  
lines and should be confirmed using primary 
myeloid cells, they indicate that OM-85 targets  
cell populations known to be important in CILD  
and the prevention CILD exacerbations. In DCs,  
OM-85 increased the release of the antiviral 
cytokine IFN-α, suggesting OM-85 therapy may  
induce a basal antiviral state. OM-85 was a 
weaker inducer of a number of proinflammatory 
factors (NF-κB, TNF-α, IL-1β, IL-6, and COX-2) 
than lipopolysaccharide (LPS), in DCs. The anti-
inflammatory actions of OM-85 were particularly 
evident in the presence of a proinflammatory 
milieu (interferon gamma and LPS), where OM-85 
resulted in a 3-fold increase in the release of anti-
inflammatory IL-10. In addition, OM-85 induced 
neutrophil activating CXCL8 and proapoptotic 
and proinflammatory cytokine-activating factor 
caspase 1. This suggests the prophylactic 
properties of OM-85 may be partially mediated  
through increased apoptosis of infected cells 
and increased neutrophil activity. The above  
data provide putative mechanistic pathways for  
the viral and bacterial infection-prophylactic  
effects, and inflammation-reducing immune-
regulatory effects of OM-85.17 

Reduced infection rates have been demonstrated 
in a murine model of bacterial superinfection 
with the influenza virus and either Streptococcus 
pneumoniae or Klebsiella pneumoniae, following 
treatment with OM-85. The reduced infection 
rates were accompanied by lower viral load in 
lung tissues, reduced fever, reduced weight loss, 
and reduced overall disease score. The effects  

appeared to be mediated by release of polyclonal 
antibodies effective in binding influenza virus, via 
activation of B cells, with DCs being the key to this 
process. Markers of DC activation were increased 
and inducible co-stimulator-ligand, which is known 
to be an important DC marker involved in allergy, 
was downregulated.11 Numerous studies have 
demonstrated the direct effects of bacterial lysates 
on antibodies in CILD. OM-85 increases protective 
IgG and IgA.22-26 However, the mechanism by which 
OM-85 upregulates the expression of circulating  
IgG and IgA has yet to be fully determined. 

Studies also suggest OM-85 reduces IgE expression 
via a shift from Th2 to Th1 cytokine profiles.27,28 
Approximately 60% of asthma patients are of 
the allergic phenotype, where increased serum 
IgE is an important mediator of the response 
of immune cells and tissue forming cells.29,30  
In vitro experiments indicate that reductions in IgE  
decrease the susceptibility of immune cells  
and tissue forming cells to asthma triggers.31,32 
Interestingly, some of these IgE effects are 
independent of the presence of antigens and 
promote airway remodeling and tissue inflammation 
through high affinity IgE receptor binding. 
Therefore, reducing serum IgE through OM-85 
therapy could have a beneficial effect during 
acute and non-acute asthma. The IgE reducing  
effect of OM-85 has been reported in human  
subjects and in animal models.27,28,33-35 Currently, the 
molecular mechanism by which OM-85 achieves 
a reduction in serum IgE remains speculative and 
needs further investigation. 

In addition, OM-85 may inhibit IgE receptor  
function as it has been demonstrated with bacterial 
proteins.36,37 OM-85’s theoretical interaction with IgE 
receptors and the possibility that this may reduce 
IgE binding on epithelial and mesenchymal smooth 
muscle cells, and thereby decrease the immune 
response to inhaled allergens and pathogens 
is currently being investigated (Figure 2).38-42 
These IgE related mechanisms provide a further  
theoretical framework for OM-85’s amelioration of 
the inflammatory processes that exacerbate CILD.

In summary, mechanistic data are now available 
to account for an OM-85-derived reduction in  
viral and bacterial infections primarily through 
innate cellular immunity and adaptive cellular 
and humoral activity. In addition, the mounting 
of an adaptive immune response during viral 
infection and reductions in inflammation through 
inhibition of proinflammatory cytokines and 
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allergy-mediating IgE, have been demonstrated.  
These complementary mechanisms provide a  
viable explanatory pathway for OM-85-derived 
improvements in CILD outcomes. 

BEYOND THE PREVENTION OF 
RECURRENT RESPIRATORY TRACT 
INFECTIONS: NEW HORIZONS FOR AN 
EFFECTIVE IMMUNOMODULATION

The goal of physicians using bacterial lysates such  
as OM-85 is to reduce infections in those at high 
risk of RRTI. OM-85 has been shown to overcome 
immune system immaturity in infants and create a 
state of immune alertness in patients at high risk  
of infection.

The efficacy of preventative therapy with  
OM-85 has been extensively studied in the 
paediatric population in nine main randomised  
trials and one long-term retrospective study. In  
order to identify those patients likely to 
benefit most from OM-85 therapy, the studies  
have covered conditions including acute sinusitis,  
chronic rhinosinusitis (CRS), recurrent acute RTI, 
recurrent tonsillitis, and recurrent wheezing.26,43-51

EFFICACY OF OM-85 IN RECURRENT 
RESPIRATORY TRACT INFECTION

The overall efficacy of OM-85 in RRTI in the 
paediatric population was investigated in a 
systematic literature review in 2010. The study 
summarised data from eight randomised trials 
of OM-85 versus placebo (mean age 6.3 versus  
6.4 years; n=435 and 416, respectively), many 
of which used the standard OM-85 treatment  
paradigm of 10 days/month for 3 months. Overall,  
there was a 26.2% reduction in recurrence (≥3 
RTIs in 6 months) and a 35.5% reduction in acute 
RTI. The effect of OM-85 was proportional to 
the number of previous RTIs experienced and  
was greater in those of a younger age, indicating  
that OM-85 had the greatest benefit in those  
patients at highest risk.48

The Cochrane collaboration performed a large 
meta-analysis on immunomodulatory therapies for 
paediatric RTIs. In general, the overall quality of  
trials in the meta-analysis was deemed poor; 
many trials were underpowered and included 
heterogeneous patient populations. OM-85 had 
the largest number of high quality trials overall and 
was the only bacterial lysate therapy with trials of  

Grade A quality. OM-85 achieved an overall  
reduction in acute RTIs of 35.9% (95% confidence 
interval [CI]: -49.5 – -22.4) compared with placebo. 
Again the greatest effect was found in those patients 
with the highest burden in terms of recurrences.52

OM-85’s efficacy has also been assessed in a 
randomised placebo-controlled trial with a longer 
12-month follow-up. Children (aged 1−12 years;  
N=54) with both upper and lower RRTIs were  
treated with two courses of OM-85 (10 days/
month) for 3 months, beginning at Months 1 and 7.  
Kaplan–Meier analysis revealed a significant 
reduction (p<0.001) in OM-85-treated patients 
suffering RRTIs (≥6 acute events). The relative risk 
of RRTI was 0.37 (95% CI: 0.20–0.68) in favour of 
OM-85. The duration of acute RTI was also reduced 
in the OM-85 group compared with the placebo 
group (median days: 30.5 versus 55.0, respectively; 
p<0.01). In addition, there was significantly lower 
mean antibiotic consumption in the OM-85 group 
compared with the placebo group (2.46 courses 
versus 4.46, respectively; p<0.001).49

Acute otitis media (AOM), tonsillitis, and  
rhinosinusitis are considered the archetypal ear, 
nose, and throat (ENT) conditions of childhood. 
OM-85 has been shown to reduce AOM by 68% 
(p<0.001) and 78% (p<0.01) in two randomised  
trials over 6 and 12 months, respectively (ages 
6−13 years, N=200; ages 1−12 years, N=37, 
respectively).47,49 In a 5-year retrospective study 
of acute tonsillitis (ages 1−15 years; N=177), 51.2% 
of patients achieved a >50% reduction in acute 
episodes and 24.4% achieved a ≤50% reduction 
with OM-85. In addition, none of those patients  
with a >50% reduction in acute episodes during 
follow-up required tonsillectomy, indicating that 
OM-85 can achieve a substantial reduction in 
the burden of illness for both patients and the  
healthcare system.50

In a study of CRS during childhood (age 4−12 years;  
N=51), OM-85 was administered during the acute  
phase of illness followed by a prophylactic 
treatment phase. OM-85 achieved significant 
reductions in cough, nasal discharge, and nasal 
congestion from Day 15. Episodes of acute 
rhinosinusitis were reduced by 65% (p<0.05) 
and the duration of acute rhinosinusitis was also  
reduced (73%, p<0.01). Furthermore, OM-85-treated 
patients showed significant improvements in serum 
IgA values. Overall data suggest that OM-85 is  
both a curative and preventative treatment for CRS  
in the paediatric population.43
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In a placebo-controlled trial of OM-85 added 
to amoxicillin/clavulanate therapy for subacute  
sinusitis (age 1.5−9 years; N=56), OM-85 therapy 
resulted in a faster mean time-to-improvement 
compared with placebo and antibiotics alone  
(5.5 days versus 10 days, respectively; p<0.05). 
In addition, fewer mean infections (1.5 versus 2.2;  

p<0.05) and days of illness (14.5 versus 17.8; 
p<0.05) occurred in OM-85-treated patients 
compared with placebo-treated patients over the 
6-month study. OM-85 therapy also reduced the  
use of antibiotics and drugs to treat symptoms,  
such as paracetamol and ibuprofen.46

Figure 3: Symptom severity in chronic rhinosinusitis patients following OM-85 prophylaxis or placebo.53
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The efficacy of preventative therapy with OM-85  
has also been investigated in adult patients,  
including those with CRS. In a 6-month 
placebo-controlled trial of patients >16 years of  
age (N=284), OM-85 achieved reductions in 
headache, purulent nasal discharge, coughing, and  
expectoration compared with placebo (Figure 3) 
from Month 1 onwards. In addition, OM-85 therapy 
resulted in a 45% reduction in the mean number of 
infections over 6 months and a 65% reduction in 
opaque sinuses, compared with placebo.53 Based 
on this evidence, the 2012 European Position 
Paper on Rhinosinusitis and Nasal Polyps (EPOS) 
recommended OM-85 therapy be considered as  
an adjunct to standard therapy in adults with  
CRS and without nasal polyps, with an evidence  
Level Ib and Grade of recommendation A.54

Persistent wheezing is an important issue in the 
paediatric population, and patients frequently 
present with both upper and lower RTIs.  
Preventative therapy using a 3 month course 
of OM-85 (10 days/month) in children (aged  
1–6 years, N=75) suffering recurrent wheezing  
(≥3 episodes in 6 months) was assessed over  
12 months. Patients treated with OM-85 achieved 
a significant reduction in wheezing beginning 
immediately after therapy (-30.4%; p=0.013) 
and persisting until the end of the study  
(-37.9%; p<0.001) compared with placebo. OM-85 
therapy also reduced RTIs (-31.4%; p<0.001) and 
nasopharyngitis (-37.5%; p<0.001) to a similar  
extent over the 12 month study.26 

As noted previously, vaccination is an important 
prophylactic strategy against RRTI. A recent study 

investigated the use of a combined preventative 
strategy with inactivated influenza vaccination and 
OM-85 (3 months, 10 days/month) in 68 children 
aged 36−59 months suffering RRTI (≥6 acute  
events/year). Combined prophylaxis achieved a 
significant reduction in both upper (-35%; p<0.05) 
and lower RTIs (-67%; p<0.05), as well as reductions  
in antibiotic use (-72%; p<0.05) and absenteeism  
(-52%; p<0.05), compared with influenza  
vaccination alone (Figure 4). The presence of 
differences in humoral and cellular immune  
response was also investigated, however, no 
between-group differences were found, indicating 
that there was no interference with vaccine  
antibody titres.51

SAFETY OF OM-85 IN RECURRENT 
RESPIRATORY TRACT INFECTION

OM-85 has shown good tolerability throughout 
individual studies.26,43-51,53 These individual study  
results are confirmed in the systematic review by 
Schaad and the Cochrane meta-analysis where  
adverse events were found to be mild and 
transient.48,52 OM-85 has 35 years of post-marketing 
surveillance data covering in excess of 94 million 
patients. Spontaneously reported adverse events 
from this expansive treated population again reflect 
a good tolerability profile. Adverse events were mild 
and gastrointestinal complaints, cough, and rash 
were the most common adverse drug reactions. 

Another key aspect of prophylactic treatment is 
targeting the patient group that could benefit most 
from treatment with OM-85. The greatest effect is 

Figure  4: Combined OM-85 and inactivated influenza vaccine prophylaxis (OM-85+IVV) versus vaccine 
prophylaxis alone (IVV).51
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