ORIGINAL ARTICLE

Mucosal bacterial vaccines in clinical practice - a
novel approach to an old problem?

Jodo Neiva Machado'
José Coutinho Costa"
Teresa Costa®

Ciddlia Rodrigues’

1. Unidade de Pneumologia — Universidade e Centro Hospitalar de Coimbra, Coimbra, Portugal.

http://dx.doi.org/101590/1806-9282.66.5.659

SUMMARY

OBJECTIVES: To evaluate the efficacy of mucosal bacterial vaccines (MBV) in reducing the number of exacerbations in patients with
chronic respiratory disease.

METHODS: A prospective cohort study of patients followed at the Pneumology Unit of the University and Hospital Centre of Coimbra,
with frequent infectious exacerbations (3 or more) despite the best therapeutic strategies employed. MBV was used as additional therapy.
The number of exacerbations 1 year before therapy and 1 year after it were analyzed.

RESULTS: A sample of 11 individuals, 45.5% male, mean age 62.5 years. Eight patients had non-cystic fibrosis bronchiectasis, 2 COPD
(1 on long-term oxygen therapy), and 1 patient with Mounier Kuhn's syndrome. Three patients were on azithromycin, 1 on inhaled
colistin, and 2 on inhaled tobramycin. Out of the 11 patients, one presented complication (fever), which led to a suspension of therapy
(excluded from results). Of the 10 patients who completed treatment, 5 had bacterial colonization and were submitted to a custom
vaccine. The remaining 6 completed the standard composition. The average of infectious exacerbations in the previous year was 4.3
(0.7 with hospitalization). In the year after therapy, the mean number was 1.5 (0.5 with hospitalization).

CONCLUSION: The results obtained in this study favor the use of bacterial immunostimulation to reduce the frequency of RRls in patients
with chronic respiratory disease.
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INTRODUCTION

Antibiotic resistance has been a focus of concern
of public health care, and the problem is such that
the World Health Organization (WHO) implemented a
Global Action Plan in 2015 to tackle it, which includes
increasing investment in new medicines, diagnostic
tools, vaccines, and other interventions’.

Approximately 65% of the agents causing human
infections form bacterial biofilms that favor chronic
infections, and the frequent use of antibiotics favors
the risk of antibiotic resistance?. Recurrent respiratory

infections (RRI) are characterized by at least three
episodes of fever, locoregional inflammation, cough,
asthma, and wheezing without severe impairment of
respiratory functions yearly®. This syndrome is fre-
quent, therefore RRIs are a major health-care problem
associated with significant morbidity and mortality.
They are also associated with the spread of resistance
to antibiotics in patients with deficient humoral and
cellular immune functions, such as primary and sec-
ondary immunodeficiencies and chronic obstructive
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pulmonary disease®. Immunostimulant agents of bac-
terial origin have been used as an adjunct treatment
in these patients because of their immunomodulatory
properties, increasing immune responses and boost-
ing the innate immune system. For example, several
studies have shown that the oral administration of
bacterial immune stimulants ameliorates RRI in adults
and children by reducing the number, duration, and
severity of infectious clinical episodes®. Unfortunately,
antigens delivered orally are easily degraded during
the passage through the acidic environment of the
stomach, while antigens delivered intranasally have
the demonstrated potential to migrate through the
olfactory bulb to the brain, thereby reducing vaccine
safety. The sublingual route has been used for many
years as a noninvasive and effective immunotherapy
for the treatment of allergies to a variety of allergens
and, recently, the sublingual administration of bac-
terial preparations has been proposed as a safer and
effective immunotherapy to stimulate strong and
long-lasting systemic and mucosal antigen-specific
humoral and cell-mediated immunity®. Moreover,
the induction of immunological memory to a spe-
cific pathogen is critical to maintaining long-lasting
immune surveillance upon vaccination using the sub-
lingual immunization strategy”™.

These bacterial preparations also present a higher
likelihood to generate the necessary B and T cell
responses for optimal protection at the point of entry
of infectious agents, in addition to promoting the levels
of systemic immunity generally achieved by conven-
tional injected vaccines®.

Mucous membranes are the main route of entry of
infectious and environmental agents. Mucosal anti-in-
fective vaccines are combinations of inactivated whole
bacteria or fungi or of bacterial lysates that stimulate
the immune system, which according to numerous
studies, reduce the number of reinfections by the
same pathogens and others. The mechanisms under-
lying this collateral benefit may be due in large part
to “trained immunity” rather than the specific wing,
which has also been found to contribute to the pro-
tective effect®.

For mucosal vaccines to be effective, it is desirable
that secretory IgA antibody (the hallmark of immune
responses at mucosal surfaces) responses should
persist, or at least be very rapidly recallable in the
face of a pathogenic attack to forestall infection at the
mucosal surface. However, it appears that secretory
IgA (S-IgA) antibodies do not always persist for long

after the removal of the inducing antigenic stimulus,
meaning that these vaccines require repetitive stim-
ulation to reach their full potential®.

Therapeutic interventions with mucosal anti-in-
fectious vaccines have different advantages over con-
ventional parenteral vaccines: a) they carry out their
effects directly at the mucosal infection site and can
prevent infection and colonization by pathogens3; b)
mucosal immunization may result in the secretion of
antibodies in other, more distant mucous membranes,
and also systemically™; c) they do not require medical
personnel for administration and can be used in mass
vaccinations and disease prevention campaigns, and d)
they are painless and simple to administer. Also, tak-
ing into account that gram-positive bacteria stimulate
the production of IL-12 and that gram-negative bacte-
ria stimulate the production of IL-10 by monocytes,
the combination of gram-positive and gram-negative
bacteria in infectious mucosal vaccines seems to pro-
vide a synergistic immunologic response that could
be greater depending on the pathology involved™.
These preparations for mucosal administration with
completely inactivated bacteria are presented to the
immune system in a more natural way, maximizing
their full potential as immunogens™ stimulating dif-
ferent immune mechanisms, which have been proven
to be very important for complete cellular activation,
such as phagocytosis™.

Besides these advantages, formulations for sublin-
gual immunotherapy have a lower cost of manufac-
ture since non-sterile products can be delivered by this
route and endotoxic shock is not a concern”.

In the present study, we evaluated prospectively
whether the daily administration of a polyvalent bacte-
rial preparation via the sublingual route could reduce
the number of infectious exacerbations of patients
with RRIs.

METHODS

This prospective cohort study aimed to assess
whether the daily sublingual administration (4.5 - 6
months, depending on manufacturer instructions)
of a polyvalent bacterial preparation could impact
on the clinical outcome of patients with RRIs. The
study was conducted between January 2016-Jan-
uary 2019, including the treatment and follow-up
period. We used a convenience sample of 11 patients
affected by RRIs and followed-up at the subspecialty
(patients with chronic obstructive diseases and/or
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respiratory failure) Pneumology consultation of the
Pneumology Unit of the University and Hospital Cen-
ter of Coimbra.

All patients had suffered RRIs during the 12
months prior to the study and were required to meet
the following criteria: 3 or more respiratory infections
in the previous 12 months; chronic pulmonary dis-
ease (COPD, bronchiectasis, other); recurrent need
for oral and/or intravenous antibiotic courses and/or
hospitalizations to clear infections in the previous 12
months. The exclusion criteria were: treatment with
immunosuppressants (prednisone 10mg/day or equiv-
alent), immunostimulants, gamma globulins within
the previous 12 months; patients who had laboratory
or clinical criteria for lymphoproliferative disorders or
non-respiratory chronic infections. All patients eligible
started the immunizations with Bactek® (Immunotek)
or Vacinas Bacterianas Diater® when they had asymp-
tomatic clinical status.

Bacterial preparations Bactek® (Inmunotek Lab-
oratories, Madrid, Spain) and Vacinas Bacterianas
Diater® (Diater Laboratories, Madrid, Spain) are com-
mercially available polyvalent bacterial preparations.
Bactek® contains different species of inactivated bac-
teria at 10? bacteria/ml which are frequently present
in the respiratory tract: S. aureus (15%), S. epidermidis
(15%), S. pneumoniae (60%), Klebsiella pneumoniae
(4%), Branhamella catarrhalis (3%), and Haemophilus
influenzae (3%). Vacinas Bacterianas Diater® contains
S. pyogenes (25%), S. pneumoniae (25%), Klebsiella
pneumoniae (25%), and Haemophilus influenzae (25%).
We established the composition of the patient bacte-
rial preparation based on the most common bacteria
causing respiratory infections, combined with spu-
tum analysis, to address for either colonization or
the most common infectious pathogen. We found 5
patients had bacterial colonization; they were sub-
mitted to a custom vaccine composition with a higher
percentage of the colonizing agent (minimum of 10%
in the composition) associated with at least 50% of
the standard composition.

The preparation was delivered sublingually, two
sprays, each day, for 4,5 to 6 months.

Patients were assessed every 3-6 months and every
time they had respiratory tract symptoms. RRIs were
defined by the presence of diagnostic symptoms for at
least 48-72 h. Multiple illnesses were counted only if
the patient had been without symptoms for at least 72
h between the end of one episode and the beginning
of another.

The clinical status and total number of infectious
respiratory episodes that had occurred in the year pre-
vious to immunization were recorded for each patient
by their attending physician during the 12 months that
followed immunization. The number of infectious
respiratory episodes prior and after the treatment was
considered the main variable for the clinical outcome.
Patients were treated with antibiotics for controlling
their RRIs at physician criteria.

The study was conducted according to the declara-
tion of Helsinki. Data were obtained through a chart
review and analyzed using SPSS® v23. Data were
presented as mean and standard deviation (SD) for
continuous variables and percentages for categorical
variables. Data analysis demonstrated a non-normal
distribution, and non-parametric tests (Wilcoxon
signed-rank test and Mann-Whitney U test) were
therefore employed in the statistical analysis. The
significance level of 0.05 was used.

RESULTS

The sample contained 11 patients, 45.5% (n=5)
males, with a mean age of 62.5 years (+9.8). Their
clinical characteristics are presented in table 1. One
COPD patient (#6) and one NCFB (#10) were on long-
term oxygen therapy. Three patients were or used to
be on long-term therapy with azithromycin (#5, #9 and
#11), 1 patient was on inhaled colistin (#10), and 2 on
inhaled tobramycin (#3 and #4). Out of the 11 patients,
only one (patient with NCFB) presented a possible
complication (fever), which led to the suspension of
therapy at the end of the first month its exclusion from
the results (table 2). Of the 10 patients who completed
the treatment, 5 had bacterial colonization, all of them
with Pseudomonas aeruginosa, and one also with Hae-
mophilus influenzae; they were submitted to a custom
vaccine composition (table 2). The remaining patients
completed the standard composition.

The mean respiratory infectious episodes in the
previous year were 4.3 (+1.3). Clinical assessment
throughout the study showed a significant reduction
of the total number of respiratory tract infection epi-
sodes after the treatment compared with the num-
ber of RRIs scored throughout the 12 months prior to
the treatment (Z=-2.871; p = 0.004) (figure 1). There
was no statistically significant difference regarding
the laboratory manufacturing the vaccines (U=8.000;
p>0.05). Anecdotally, four patients reported major
clinical improvement with therapy.
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DISCUSSION

In this pilot study, we observed a remarkable
reduction in the frequency of respiratory tract
infectious episodes in a cohort of patients with
RRIs treated with mucosal bacterial vaccines over
a 12-month period after initiation of therapeutic
immunization, in comparison to the number of
RRIs prior to the treatment and using personalized
formulations based on previous sputum bacterial
results, aiming to achieve better clinical outcomes
by exploring the advantages of the personalized
therapy that these vaccines offer. Our results agree
with other studies showing an association between
immunization with polyvalent bacterial preparations
and clinical improvement of infectious respiratory

Several clinical studies have shown that the oral
administration of a polyvalent bacterial preparation in
patients with COPD is capable of improving impaired
immune functions, such as alveolar macrophage activ-
ity and interferon-gamma production. The prepara-
tions used by our patients differ from others in their
formulation, concentration, and/or route of adminis-
tration (sublingual), and delivers whole inactivated
bacteria instead of the most common bacterial lysates.

The mechanisms behind the efficacy of this novel
approach, despite not fully understood, are being stud-
ied in order to clarify all its potential. For example, a
prospective observational clinical study evaluated the
clinical and immunological effects of the treatment
with sublingual vaccines of bacterial combinations

diseases

5-79-11

in antigen-specific responses to bacteria responsible

TABLE 1. CLINICAL CHARACTERISTICS OF THE PATIENTS (N=11). VALUES REPRESENT FREQUENCIES OTHERWISE
STATED IN CONTRARY

Patient | Diagnosis Episodes be- | Episodes be- | Episodes Episodes after | Episodes after | Episodes after
fore vaccina- | fore vaccina- | before vacci- | vaccination vaccination vaccination
tion (total) tion without | nation with (total) without hos- | with hospital

hospital stay | hospital stay pital stay stay

1 NCFB 5 4 1 1 1

2 NCFB 3 3 0 2 1 1

3 NCFB 3 3 0 1 1 0

4 COPD 6 4 2 1 1 0

5 Mounier Kuhn's Syndrome | 6 6 0 4 3 1

6 NCFB 5 4 1 2 2 0

7 NCFB 3 3 0 - - -

8 NCFB 3 3 0 1 1 0

9 NCFB 6 4 2 1 1 0

10 NCFB 3 2 1 1 1 0

n COPD 3 3 0 1 1 0

NCFB (Non Cystic Fibrosis Bronchiectasis); COPD (Chronic obstructive pulmonary disease

TABLE 2. MUCOSAL BACTERIAL VACCINATION INFORMATION

Patient | Diagnosis Formulation Duration of therapy (months) | Complications
1 NCFB 100% Polibacterial 6 0

2 NCFB 100% Polibacterial 6 0

3 NCFB 100% Polibacterial 45 0

4 COPD 100% Polibacterial 45 0

5 Mounier Kuhn's Syndrome 100% Polibacterial 4,5 0

6 NCFB 100% Polibacterial 45 0

7 NCFB 50% Polibacterial + 50% PA i Fever
8 NCFB 50% Polibacterial + 50% PA 6 0

9 NCFB 50% Polibacterial + 50% PA 6 0

10 NCFB 50% Polibacterial + 50% PA 45 0

1 COPD 75% Polibacterial +10% HI +15% PA 45 0

NCFB (Non Cystic Fibrosis Bronchiectasis); COPD (Chronic obstructive pulmonary disease); PA (Pseudomonas aeruginosa); HI (Haemophilus influenzae)

*Did not complete treatment
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for respiratory tract infections®. Daily immunization
with a multivalent bacterial sublingual preparation
over a period of 6 months was studied in a cohort of
17 patients with RRIs, and the number of respiratory
infections in immunized patients decreased signifi-
cantly compared to the previous year. Besides, an
increase in the proliferative capacity of CD4 + and CD8
+ T lymphocytes specific for influenza virus antigen
after 6 months of treatment (not contained in the vac-
cine) was evidenced®.

Another study described the clinical evolution
of 88 patients, diagnosed with recurrent tonsillitis
and chronic inflammation™™. The authors observed
that the majority of the patients (82%) who received
immunotherapy experienced clinical improvement,
avoiding tonsillectomy, whereas in the other group
the percentage of patients was 51%. It is emphasized
that purified components from bacteria or bacterial
lysates selectively activate specific Toll-Like Recep-
tors (TLR), leading to shared and unique responses in
innate immune cells, whereas whole bacteria contain
multiple agonists for multiple TLR, eliciting a potent
and robust response. None of the patients reported
any local (at the site of administration) or systemic
side effects™.

A prospective observational study conducted on
50 patients with inflammatory diseases (RA, systemic
lupus erythematosus, and mixed connective tissue
disease), most of whom were undergoing treatment
with biological and/or non-biological disease-modify-
ing anti-rheumatic drugs and glucocorticoids at low
doses, and who presented recurrent urinary and/
or respiratory infections, evaluated treatment with
two different polybacterial sublingual formulations

FIGURE 1. EPISODES OF RESPIRATORY INFECTIONS 1
YEAR BEFORE AND 1YEAR AFTER TREATMENT (MEAN
-SD)

(£1,3)
(£1,0)
+
(+0,7) (#0.8)
(#0,8)
Without hospital admission With hospital admission Total
mBefore MBV = After MBV

MBV (Mucosal bacterial vaccination)

depending on the type of infection™. Vaccines were
administered in cycles of 3 months per year and the
clinical response was recorded at 6 months and a year.
The paired comparison of the number of infectious
events in both groups showed a significant decrease
in the rate of repeated urinary tract infections and
in the rate of recurrent respiratory infections in the
previous year compared to the year after the vaccine™.

Overall, these preparations have shown very
good safety profiles, even in immunosuppressed
patients™?°. In our study, only one patient had what
could in theory be a side effect from the therapy
leading to discontinuation (fever), out of precaution.
Despite this, all other patients tolerated very well the
sublingual administration.

Another concern is the duration of the protective
effect since it is known that these therapies require
repetitive stimulation. One study demonstrated that
the sublingual administration could induce persistent
systemic and mucosal immune responses up to 4
months after the last immunization®.

The clinical experience with mucosal bacterial
vaccines has been increasing not only in the preven-
tion of RRIs but also in recurrent urinary tract infec-
tions (RUTI), providing valuable information on how
to expand its beneficial effects. In a retrospective
observational study of 319 women affected by RUTIs
that compared the clinical impact of the prophylactic
treatment with a bacterial vaccine (Uromune®) and
the currently accepted antibiotic therapy, the authors
found that the group treated with Uromune® experi-
enced a highly significant reduction in the number of
infections and none had side effects®.

The positive results obtained with this therapy are
probably related to the fact that the sublingual mucosa
is a good inductive site for generating a broad spec-
trum of mucosal and systemic immune responses,
with a high degree of efficacy and persistence of the
immune response in the respiratory and genitourinary
tracts. Furthermore, it has been demonstrated that the
sublingual administration of immunogens and whole
bacteria activates dendritic cells and induces systemic
dose-dependent immune responses, generating Thi,
Th17, and IL-10 responses®.

All things considered, our study demonstrates the
effectiveness of a bacterial preparation administered
through the sublingual route. We acknowledge that
because this study has a very small population and
not all the patients were immunized with the same
preparation and even the same microorganisms
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percentage, it is hard to reproduce. However, we were
able to explore one of the advantages of these formu-
lations (personalized formulation) to better suit the
immunologic needs of our patients, which possibly
helps explain the good results. We were able to reduce
the total number of episodes (with statistical signifi-
cance) and the number of episodes needing hospital
stay (without statistical significance probably due to
sample size). The data collected from clinical histo-
ries of patients provide clinically valuable information
of the patients treated under “real-life” conditions.
Considering the high prevalence and high cumulative
cost of managing respiratory infections, as well as the
frequent failure of conventional therapies, bacterial
immunostimulation could be an effective management
strategy to reduce costs, frequency, severity, and dura-
tion of such episodes in adults and children suffering
from chronic respiratory tract infections.

CONCLUSION

Limitations of the present study include the rela-
tively small number of patients recruited, in addition

to the lack of a control group. To further progress our
understanding, prospective studies involving larger
groups of patients, with longer follow-up periods and
conducted in a double-blind placebo-controlled man-
ner, are required.
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OBJETIVO: Avaliar a eficdcia de vacinas bacterianas de mucosa (MBV) na redugdo do niimero de exacerbagdes de pacientes com doenga
respiratdria crénica.

METODOS: Um estudo de coorte prospectivo incluindo pacientes da Unidade de Pneumologia da Universidade e Centro Hospitalar de
Coimbra, com exacerbagdes infecciosas frequentes (3 ou mais), apesar do uso das melhores estratégias terapéuticas. MBVs foram usadas
como terapia adicional. O nimero de exacerbagbes Tano antes da terapia e Tano apds ela foram analisados.

RESULTADOS: Amostra incluiu 11 individuos, 45,5% do sexo masculino, com média de idade de 62,5 anos. Oito pacientes apresentaram
bronquiectasia ndo relacionada d fibrose cistica, 2 DPOC (1em oxigenoterapia prolongada) e 1 paciente com sindrome de Mounier-Kuhn.
Trés pacientes estavam sendo medicados com azitromicina, T com colistina inalada e 2 com tobramicina inalada. Dos 11 pacientes,
um apresentou complicagdo (febre), o que levou a suspensdo da terapia (excluido dos resultados). Dos 10 pacientes que completaram
o tratamento, 5 apresentaram colonizagdo bacteriana e receberam uma vacina personalizada. Os 6 restantes foram tratados com a
composicdo padrdo. A média de exacerbagbes infecciosas no ano anterior foi de 4,3 (0,7 com hospitalizagdo). No ano apés a terapia, o
ntmero médio foi de 1,5 (0,5 com hospitalizagdo).

CONCLUSAO: Os resultados obtidos neste estudo favorecem o uso de imunoestimulagdo bacteriana para reduzir a frequéncia de infecgbes
respiratérias recorrentes em pacientes com doenga respiratéria crénica.

PALAVRAS-CHAVE: Vacinas bacterianas. Administragdo sublingual. Infecgées respiratérias. Doengas respiratorias.
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