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Abstract
This review discusses available evidence on the mech-
anisms of action of bacterial lysates, and the clinical 
effects of their sublingual administration. Bacterial 
lysates act through many immunological effects, in-
cluding dendritic cell activation, modification of circu-
lating lymphocyte subsets and antibody production. 
The production of salivary IgA was repeatedly shown 
to be induced by the sublingual administration of a 
prototype bacterial lysate containing soluble and 
corpuscular antigens. Bacterial lysates are a useful 
tool for the prevention of recurrent respiratory tract  

infections. Sublingual administration should be the 
preferred option.
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Introduction
Fear of increased immunity debt after the universal use 
of personal protective equipment during the recent 
COVID-19 pandemic, and the consequent increased 
risk of respiratory infections, prompted further atten-
tion on the relevance of prophylaxis.1 Bacterial lysates 
were first produced in the 1960s and introduced for the 
treatment and prophylaxis of human respiratory tract 
infections (RTI). They are obtained by either physical 
or chemical lysis; the first method produces fragments 
of bacterial bodies, characterized by slow diffusion, 
whereas the second method yields either low-molec-
ular-weight proteins or a mixture of bacterial bodies 
and soluble proteins with greater diffusion capabili-
ty. According to these different physical characteris-
tics, lysates can be administered orally, sublingually 
or nasally.2 Bacterial antigens are generally obtained 
from the most frequently isolated strains during RTI, 
such as Streptococcus pneumoniae, Streptococcus 

pyogenes, Branhamella catarrhalis, Staphylococcus 
aureus, Haemophilus influenzae and Klebsiella pneu-
moniae.3 Despite the more recent introduction of many 
drugs to treat RTI, prophylaxis with bacterial lysates still 
attracts the interest of clinicians as a promising tool 
to reduce acute infection, and limit the use of anti-
biotics, local corticosteroids and anti-inflammatory 
drugs. Along this line, the European Medicines Agency 
recently revised the evidence for the safety and effi-
cacy of bacterial lysates, and recommended their use 
for the prophylaxis of recurrent respiratory diseases.2 
More importantly, in recent years, the mechanism of 
action of bacterial lysates administered sublingually 
has been investigated, showing relevant immunolog-
ical effects. Their clinical efficacy was also confirmed 
by well-designed clinical studies over the same period, 
both when used alone or in addition to recommended 
therapies.3 A very recent revision of the literature has 
also demonstrated their positive effect on the reduc-
tion of the number of respiratory infections and their 
related symptoms.4
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This article describes some findings on the mechanisms 
of action of bacterial lysates, supporting their clinical 
use. In addition, recent evidence on the clinical effects of 
sublingually administered bacterial lysates is reported.

Review
Mechanisms of action
The rationale for the production of bacterial lysates was 
originally based on the hypothesis that they could elicit 
a specific immune response against bacterial antigens, 
which were considered the main aetiology of RTI in the 
1960s. Later, it was shown that viruses are often respon-
sible for RTI and that bacterial lysates help in activating 
both adaptive and innate immune defense.3 Meanwhile, 
several immunological effects were discovered that 
could be linked to the effects of lysates, including den-
dritic cell (DC) activation,5–7 modification of circulating 
lymphocyte subsets8,9 and antibody production10–12 (Fig-
ure 1). Mature DCs are necessary to drive an efficient 
immune response. Several bacterial lysates induced 
significant DC activation and maturation in vitro.5,6 More 
recently, it has been reported that in vitro treatment of 
immature DCs with fragments of bacterial strains ob-
tained by mechanical lysis can induce maturation of 
DCs and the secretion of a wide array of cytokines and 
chemokines.7 Lanzilli et al.,8 in an ex vivo study, found 
that treatment with a polyvalent mechanical bacterial  

lysate (PMBL) modified the subsets of circulating lym-
phocytes in older patients with chronic obstructive 
pulmonary disease (COPD). T and natural killer (NK) 
cells increased significantly in number but not in their 
percentage of circulating cells, whilst B cells remained 
unmodified. Amongst T cells, CD3+CD4+ and activated 
cells were increased. Amongst B cells, transitional B cells 
increased in their late maturation step, whilst only ear-
ly naive B cells increased; other naive subpopulations 
were not modified. Memory B cells were reduced glob-
ally, but the most immature form of memory B cells was 
significantly increased.8 These results were observed ex 
vivo in blood samples from elderly patients with COPD. 
In the same group, NK cells were positively affected, re-
gardless of the age of patients. Another study recently 
confirmed the capacity of a bacterial lysate to increase 
NK cell activity.9 Despite the broad availability of data on 
the mechanism of action of bacterial lysates, there is 
still the potential for further studies on recently discov-
ered new immunology targets such as innate lymphoid 
cells. Moreover, bacterial lysates, through the activation 
of DCs, induce a predominant T helper 1 (TH1) response, 
with increased IL-12 and interferon-γ (IFNγ),14,15 weakening 
the TH2 pattern of the immune system. Parallel to the en-
hancement of the TH1 response, the oral administration 
of bacterial lysates aids the production of IL-10, favour-
ing the conversion of FoxP3– T cells into FoxP3+ regulato-
ry T cells.16,17 Nevertheless, taken together, the effects of 
TH1/TH2 balance and the stimulated differentiation of DC 

Figure 1. Immune mechanisms affected by bacterial lysates.

BL, bacterial lysate
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and T regulatory cells lay the basis for possible use of 
bacterial lysates in the prevention of allergic diseases.

The production of salivary IgA was repeatedly shown to 
be induced by the sublingual administration of a pro-
totype of polyvalent chemical bacterial lysate (PCBL) 
containing soluble and corpuscular antigens.10,11 Subse-
quently, locoregional antibody production was demon-
strated for the sublingual administration of a PMBL. A 
prospective study in 40 patients with recurrent upper 
RTI found that treatment for 6 months reduced the 
number of episodes and enhanced the locoregional 
immune response, with increased IgA and IgG levels 
and an induced ability to opsonize living bacteria.12 
Interestingly, opsonizing capacity was also observed 
for antibiotic-resistant bacteria. Finally, IgA and innate 
responses can act toward all types of microbes, includ-
ing viruses.12

An improvement in locoregional antibody-mediated 
immune response was also found in older patients with 
COPD treated with PMBL in a randomized clinical trial.13 
Concomitantly with the secretion of specific antibodies, 
the treated group experienced fewer seroconversions, 
infectious episodes and COPD exacerbations than the 
group receiving a placebo.13 Overall, the results obtained 
with sublingually administered bacterial lysates suggest 
that this way of administration can locally activate the 
innate and adaptive immune response at the route of 
entry of pathogens responsible for respiratory infections. 
Additionally, these results indicate that the generation 
of a ‘specific’ immune response – as demonstrated by 
the presence of IgA directed towards surface antigens 
of bacteria – only represents a fraction of the whole 
immune response generated by the treatment. Further 

different mechanisms should also be involved and, for 
this reason, researchers have lately focused on different 
characteristics of PMBL.18–20

Recent reports have shown that PMBL is able to enhance 
antimicrobial barrier mechanisms in human airway epi-
thelial cells.18 It is well established that microbes entering 
the bodies of multicellular eukaryotes must first cross 
an epithelial cell layer. Besides functioning as physical 
barriers to prevent infection, mammalian epithelial cells 
can detect the presence of microbes and respond by 
increasing their barrier function, signalling to leukocytes 
and directly killing pathogens. Whilst signalling to leu-
kocytes has received considerable attention, their aug-
mented barrier function and pathogen-killing features 
have so far received less.18

It has been demonstrated that human airway epithe-
lial cells can recognize PMBL and, in response, undergo 
a potent activation resulting in a significant increase 
in the expression of cellular adhesion molecules, such 
as intercellular adhesion molecule 1 and E-cadherin, 
as well as the expression of growth factors critical for 
supporting human airway epithelial cell proliferation 
such as amphiregulin and IL-22.19,20 Cell proliferation in 
damaged epithelial tissues and the expression of mol-
ecules involved in tight junction formation can locally 
contribute to provide a more efficient physical bar-
rier to pathogens, including viruses, but also to relieve 
inflammation and regenerate damaged airway tissues 
(Figure 2). These findings are relevant, considering that 
inflamed tissues display increased permeability favour-
ing the access of pathogens to the sub-mucosal com-
partment, resulting in an increased risk of locoregional 
infections.

Figure 2. Activity of bacterial lysates on tight junctions of the mucosa.
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Remarkably, polyvalent mechanical bacterial lysates also 
promoted the de novo expression of human β-defensin 
2, a major antimicrobial peptide, in human bronchial 
epithelial cells, conferring them a direct antimicrobial  
activity.21 Moreover, PMBL-stimulated human bronchial 
epithelial cells provided signals for increased IL-22 pro-
duction by innate lymphoid cells via IL-23, which could 
further contribute to the release of antimicrobial pep-
tides by epithelial cells. In agreement with these in vitro 
data, the concentration of both IL-23 and antimicrobial 
peptides (human β-defensin-2 and LL-37) increased in 
the saliva of healthy volunteers after sublingual admin-
istration of PMBL.20

Another new and interesting field of research on sub-
lingual bacterial lysates was highlighted during the 
COVID-19 pandemic. In vitro treatment of epithelial 
cells from the upper respiratory airways with PCBL has 
been observed to negatively regulate the expression 
of angiotensin-converting enzyme 2 (ACE2), a main 
SARS-CoV-2 receptor.22 At the same time, PCBL does 
not affect the expression of other surface molecular 
structures such as CD54 (the rhinovirus receptor). Fur-
ther tests using epithelial cells infected in vitro with a 
wild strain of SARS-CoV-2 (Epsilon variant) showed that 
cells pretreated with the bacterial lysate had a signifi-
cantly reduced amount of virus copies, thus supporting 
the idea that the decreased expression of ACE2 in vitro 
could ‘shut the door’ to the virus. This capacity is shared 
with other drugs such as OM-85.18 However, OM-85 is 
administered orally and the doses required to down-
regulate ACE2 would be far higher than those achiev-
able in human therapy.18,23 For example, reducing ACE2 
expression with OM-85 in vitro required the stimulation 
of primary normal human bronchial epithelial cells with 
1.92 mg/mL OM-85 for 48 hours, a concentration that 
cannot easily be obtained using capsules containing 7 
mg lysate per oral administration; the number of cap-
sules to be administered would be impossible to man-
age.18,23 On the contrary, PCBL appears to downregulate 
ACE2 by doses easily obtained by sublingual adminis-
tration.22

Clinical studies
Several clinical studies have been conducted over the 
past 40 years concerning sublingually administered 
bacterial lysates. The most recent publication is an ex-
tensive review of available PCBL clinical data from 22 
randomized controlled trials involving 4,571 patients, 
clearly indicating that all studies confirmed the clinical 
efficacy of this therapeutic approach (Figure 3).4

Studies in adults with recurrent RTI
Most of all available studies on the efficacy and tolera-
bility of PCBL in recurrent RTI (RRTI) have been performed 

in adult patients, showing an overall reduction of –47% in 
different outcomes, including the number of infectious 
episodes, number of days with fever or number of days 
of absence from work/school.4

In 2014, a multicentre, randomized, placebo-controlled 
trial on the use of PCBL in adults with RRTI3 showed that 
not only the overall sample of patients with RRTI but also 
of patients with allergies and RRTI experienced a signif-
icant reduction in the number of recurrences. Notably, 
the efficacy of PCBL was detected despite a relevant 
placebo effect as long as recurrences were reduced in 
control patients, but the difference between groups was 
significant.

Studies in adults with COPD
COPD is a major cause of death worldwide. It is char-
acterized by persistent respiratory symptoms and air-
flow limitation; it is also associated with parenchymal 
destruction (emphysema), the relative contribution of 
which varies from person to person.24 Pharmacologi-
cal management of COPD has progressively improved 
during the past decade.24 Decades ago, treatment with 
PMBL was considered useful in comparison with other 
available options, as confirmed by a systematic review 
with a meta-analysis25 showing significant efficacy in 
preventing RRTI in adults, including patients with COPD 
and children.

Following the radical change in standard treatments, 
new regimens were explored. A phase IV multicentre, 
double-blind, randomized, controlled study investigated 
the efficacy of sublingual administration of PMBL in addi-
tion to the recommended treatment in patients with 
moderate to very severe COPD.26 The primary end point 
of a reduction in the number of exacerbations by 25% 
compared to placebo could not be reached as the effi-
cacy of the recommended therapy in the control group 
was high and the number of exacerbations lower than 
expected in both groups. However, in the PMBL group, 
the number of days with fever (21 versus 40.15 days/
year; p<0.001) and the days of hospitalization (65 versus 
162 days; p<0.001) were significantly reduced. Similarly, 
the interval between the first and second exacerba-
tions (123.89 versus 70.36 days; p=0.03) was prolonged, 
and the number of days in poor health (109 versus 171 
days/year; p<0.001) was also significantly decreased in 
the PMBL group. These results show that adding bacte-
rial lysates to recommended treatments may improve 
patient quality of life and reduce healthcare costs.

Studies in paediatric patients
The recently published review of the literature on PCBL 
suggests its efficacy in reducing the number, and se-
verity of RRTI in children as all available studies report a 
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Figure 3. Efficacy of Lantigen B in clinical studies. Reduction of respiratory tract infections measured 
according to study end points. RRI, recurrent respiratory infections. 

Data from Braido et al.4

positive effect.4 Moreover, in a randomized, double-blind, 
placebo-controlled, parallel-group study conducted 
on 152 children with allergic asthma, those treated with 
sublingually administered PMBL had a lower mean num-
ber of asthma exacerbations at week 12 (0.3±0.6 versus 
0.8±1.1; p=0.009), and over the total study period (1.1±1.3 
versus 1.9±2.0; p=0.01) than the placebo group.27 De-
spite the primary end point of asthma control, based 
on the Asthma Control Test/Childhood Asthma Control 
Test (ACT/C-ACT) score, not being reached, treatment 
with PMBL was associated with a lower mean number 
of days with exacerbation per patient (13.3±11.2 versus 
19.8±15.7 days throughout the study; p=0.009); addi-
tionally, the time to the second and third exacerbation 
was prolonged by 55% and 74%, respectively, in the PMBL 
group. No serious adverse event related to PMBL admin-
istration was recorded.27 Subsequently, it was shown that 
the sublingual administration of PMBL was acceptable 
to preschoolers, demonstrating that the formulation is 
appropriate for young children.28

Another randomized, placebo-controlled study in paedi-
atric patients with seasonal allergic rhinitis found that the 
sublingual administration of PMBL during the grass pol-
len season relieves seasonal allergic rhinitis symptoms. 
The authors concluded that PMBL could affect mucosal 
immunity, weakening the response of TH2 cells.29 The same 
group also ruled out the possibility that PMBL could erad-
icate S. aureus nasal carriage in children with allergies.30

In general, recent, well-designed, placebo-controlled clin-
ical studies have proved that the sublingual administra-
tion of bacterial lysates in children is safe, well accepted, 
and results in a reduction in the number of respiratory 
infections and specific allergy-related symptoms.3,4,27,30,31

Discussion
The sublingual administration of bacterial lysates (both 
corpuscular and as a mixture of soluble and corpuscu-

lar antigens) reduces the number of RRTIs not only in pa-
tients without allergies but also offers great advantages 
in those with allergies, which represents a significant frac-
tion of patients with RRTI. Indeed, it is well known that aller-
gies are associated with a higher incidence of respiratory 
infections. On the other hand, viral respiratory infections 
are often the trigger of allergic asthma attacks, and some 
of the cellular and molecular bases of these events have 
been identified.32 As reported, many studies described 
associations between bacterial lysate administration and 
immunological mechanisms, including DC activation, re-
cruitment of lymphoid subsets, and production of specific 
antibodies directed towards bacterial lysate proteins.5–13

More recently, novel and interesting properties of PMBL 
were described, such as the impact on activation of air-
way epithelial cell response.20 Proliferation of damaged 
epithelial cells and expression of molecules involved in 
tight junction formation, both induced by PMBL, could play 
a relevant role not only in improving the physical barrier 
to pathogens but also in controlling inflammation and 
regenerating the epithelial layer upon injury in the air-
way mucosa, which may also be caused by non-infective  
factors, such as smoke, pollution and chronic airway dis-
eases (allergy, COPD). On the other hand, conditional 
pathogen killing by epithelial cells is an important aspect 
of innate resistance to infection that has now been shown 
to be induced by PMBL via the production of antimicrobial 
peptides.20 However, these results only appear relevant if 
bacterial lysates are administered sublingually because 
this route of administration allows bacterial fragments 
to come into contact with mucosal epithelial cells of  
oropharynx – the gate of entry of virtually every airway 
pathogen. New evidence indicates that sublingual admin-
istration of PMBL might support mucosal barrier integrity, 
the impairment of which can facilitate microbial invasion, 
and promote mechanisms of antimicrobial activity in the 
upper respiratory tract.

Several clinical studies, designed based on preclinical evi-
dence during the last two decades, have demonstrated 
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the efficacy and safety of bacterial lysates in the proph-
ylaxis of RRTI, observing also relevant benefits in allergic 
diseases and COPD.3,25–31,33,34

Since the current maintenance treatment of asthma 
and COPD is based on inhaled corticosteroids and bron-
chodilators, and the former has been related to a pos-
sible enhanced susceptibility to pneumonia due to their 
impact on immune responses, there is a strong rationale 
to foster the innate and adaptive immune response with 
bacterial lysates in these patients.35 Moreover, despite 
the availability of effective triple combination therapies 
with inhaled corticosteroids and dual bronchodilator, 
COPD exacerbations still represent a burden for patients 
and for the healthcare system. As long as COPD exac-
erbations are mainly triggered by respiratory viral infec-
tions (although bacterial infections and environmental 
factors may also trigger and/or amplify these events),24 
the rationale for RRTI prophylaxis in these patients is 
strong. Treatments aimed at the activation of innate and 
adaptive immunity are a valuable tool in the manage-
ment of RRTI on top of maintenance treatments, such as 
long-acting bronchodilators and inhaled corticosteroids 
for COPD. In fact, the growing risk of bacterial resistance 
suggests that prophylaxis should be favoured over treat-
ment in the management of RRTI. Furthermore, activation 
of the immune system by bacterial lysate administration 

seems a reasonable strategy to face the risk of immunity 
debt, which may be associated with many subjective 
and environmental conditions, including extensive use 
of protective devices during the SARS-CoV-2 pandemic, 
allergies, air pollution, concomitant diseases and polyp-
harmacy. Specifically, sublingual administration appears 
to be able to boost immune defences over the route of 
respiratory infections.

Finally, bacterial lysates should be deeply investigated 
for the prevention of allergic sensitization based on their 
immune activity, which mimics the protective effects of 
natural exposure to microbe-rich environments, resulting 
in a probable induction of tolerogenic DCs and FOXP3+ T 
cells, as suggested in certain experimental models.36,37

Conclusion
In conclusion, bacterial lysates are currently emerging 
as a useful tool for the prevention of RRTI due to their 
efficient activation of innate and adaptive immunity 
associated with a favourable tolerability profile. Sublin-
gual administration of bacterial lysates is supported by 
a strong immunological rationale and clinical evidence 
and should be the preferred option in the prophylaxis of 
RRTI.
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