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Prophylaxis of airways viral infections: role of the
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Summary
The hypothesis that a Coronavirus plays a role in the aetiology of SARS (severe acute respiratory syndrome) emerges from the present review of the disease along with additional evidence on the facilitation that viral infections
exert on the bacterial superinfection. The mechanisms of this synergism are
examined in this work and the possible immunomodulatory effects of bacterial mechanical polylysates on such events facilitated by viral infections are
studied in the light of recent experience.
Riassunto
Anche dal presente confronto con la SARS (sindrome acuta respiratoria severa) nella quale sembra emergere l’ipotesi di un ruolo etiologico di un Coronavirus, si aggiungono evidenze sulla nota funzione favorente esercitata dall’infezione virale sulla sovrainfezione batterica. Di questo sinergismo vengono esaminati i meccanismi. Possibili potenziamenti della risposta immunitaria in termini profilattici da parte di lisati batterici ottenuti per frammentazione meccanica su tali eventi facilitati da infezioni virali vengono esaminati
ala luce di recenti esperienze.
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As of March 26, 2003 the World
Health Organization (WHO) (1)
had received notification regarding
1323 probable cases of SARS (severe
acute respiratory syndrome) worldwide, with 49 deaths: as is well
known the vast majority of these
events involved the People’s Republic of China (Hong Kong and the

Province of Guandong), where the
epidemic most likely originated in
late 2002.
Very recently news has been received
that the virus responsible for SARS
may have been isolated and may be a
member of the Coronavirus family.
A quick diagnostic kit for this
pathology is expected shortly. On
the other hand, it will take longer to
prepare a specific vaccine effective in
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Figure 1
Virus-bacteria interaction in the pathogenesis of influenza and the infective complications of a bacterial nature. Possible levels of prophylaxis intervention (2)
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controlling a virus that appears to
mutate quickly becoming increasingly virulent.
Based on this information, the hypothesis was advanced that the increased virulence may be the result
of an interaction between the virus
and another agent of infection, this
time a bacteria such as, perhaps,
Chlamydia pneumoniae.
Indeed, bacterial superimposition
during the course of airways viral infections has been clinically documented and the virus-bacteria interaction may be implicated in SARS
as well; the bond between the bacteria and the virus-infected cell is specific for specific virus-bacteria combinations.
Viral infections – both acute forms
and those isolated during the curse
of exacerbation of COPD – facilitate bacterial colonization by modifying the local defence mechanism

Antibacterial vaccine
prophylaxis

of the respiratory tree as do ciliostasis, reduced muco-ciliary clearance,
junctional system damage and
bronchial smooth muscle damage
(2).
Researchers then identified the glycoproteins expressed by the virus
which induce modifications in the
cell membranes, making them easier
targets for bacteria which, in turn,
can enhance the action of the viral
glycoproteins. Viruses can, moreover, cause such changes in the host
cell membrane as increased expression of CD14, CD15 and CD18,
and of the platelet activator factor
(PAF) (3). Bacterial adhesion to the
infected cell is also facilitated by
some proteins, such as fibrinogen,
which are absorbed by the extracellular matrix and by the bacterial adhesins (4, 5).
The virus-bacteria interaction mechanism is a vicious cycle where the

virus opens the door for the bacteria
which, in turn, facilitates ongoing
viral assault through proteolytic
cleavage of haemoagglutinin (HA),
proteins with a high molecular
weight which generate ectropionization of the influenza virus wall and
involved in the bond between the viral involucrum and the cell membrane. This mediates fusion of the
viral involucrum with the cell membrane and subsequent inoculation of
the viral genome in the cytoplasm
(6-8) (Fig. 1).
Indeed, proteolytic cleavage of the
HA into two fragments (HA1 and
HA2) is an essential prerequisite for
the fusion process (7, 9-11). In other
words: many strains of bacteria –
including S. aureus, S. pneumoniae
and H. influenzae – often isolated
during viral pneumonia, produce
serin-protease which can enhance
virus infectiveness through HA proteolysis. Under such conditions,
viruses and bacteria which individually produce negligible results, together produce even highly lethal
pneumonia with mortality rates, estimated in experimental animals, as
high as 80-100% (12).
This has been confirmed by the
demonstration that this synergism
can be blocked, at least in the case of
intranasal co-infection with type A
influenza virus and S. aureus, by
serin-protease inhibitors such as leupeptin. It must be underlined that
although this substance does block
the virus-bacteria synergism, it does
not exert a true anti-viral or antibiotic action (2).
Hence, understanding these interesting interaction mechanisms can
prove useful for setting up prophylaxis and therapeutic measures, par47
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ticularly during viral epidemics
where the etiological agent has not
been isolated with all certainty.

Prophylaxis of viral infections
Endemic or pandemic viral infections can be controlled by following
different strategies of prophylaxis
which include reducing the risks of
infection by controlling national
borders or improving health-hygiene regulations for water reserves,
sewers and the hygiene habits of the
general population (reduced attendance in public places, use of masks
or other hygienic defences, utmost
attention to interpersonal contacts,
etc.). In an agreement dated December 6, 2000 between the Ministr y, the Regions and the autonomous Provinces, Italy centralized all competencies related to international prophylaxis. In particular, from this point of view, the operating functions are assigned to the
Uffici di Sanità Marittima, Aerea e
di Frontiera (USMA – Port, Air and
Border Health Offices), distributed
throughout the territory and placed
directly under the Ministr y of
Health (www.ministerosalute.it).
Given that no outside curtain can be
considered impenetrable, immune
defences must be simultaneously enhanced through passive and active
immunization by means of programs
of vaccination extended at least to
the populations at greatest risk. This
holds true not only in the case of
“exceptional” events such as SARS,
but also in the case of those “normal” cyclical, seasonal viral epidemics that afflict us during the cold
weather, with serious consequences
48

in terms of economics and public
health.
In the specific case, temporary protection against SARS could be obtained through the administration of
antibodies produced by another individual of the same species (or even
of different species) that already survived contact with the virus. Unfortunately, however, such acquired antibodies are used for binding with
the antigen or are broken down
through the normal catabolic pathways, this protection is gradually
lost.
Likewise the production of monoclonal antibodies of a given specificity with the recombinant DNA technique still presents some problems
related to the tendency to form aggregates.
On the other hand, once ready, the
vaccine will be able to provide efficient immunity, establishing remarkable amounts of sufficiently durable
antibodies at the appropriate site,
thus sensitizing the cell population
so it can expand rapidly in case of
renewed contact with the antigen.
A good vaccine must also be able to
induce rapid maturing of the dendritic cells, in particular those situated in the airways epithelium responsible for the increase in secretory
IgA. The vaccine can thus effectively
block both the microorganisms infecting only the mucosa and those
able to pass the mucosa.
Obviously, to permit massive clinical
use of a vaccine, the preparation
must be stable and safe, the
pathogens readily cultured and the
antigens must be accessible (13).
Adaptive immunity is not, however,
the only possible defence against infection: we must not forget the syn-

ergistic, and not accessor y, role
played by innate immunity, active in
the airways, particularly in the mucosal barrier. In this context, the
dendritic cells play a central role in
integrating the innate and adaptive
immune mechanisms. These cells are
located in the airways epithelium
and in the pulmonary interstitium.
After the agent of infection has been
internalized, they migrate to the
nearest lymph nodes and trigger the
specific immune response by presenting the antigen to the T lymphocytes (14). In addition, the dendritic cells can produce cytokines,
such as IL12, which induce other
components of the immune response
such as the production of antibodies
(15). The dendritic cells can, in turn,
be counter-regulated by inhibitory
cytokines or by certain agents of infection in a highly complex, dynamic
balance.
In conclusion, natural immunity –
expressed by the dendritic cells and
the granulocytes – acts in close synergism with adaptive immunity (sustained by the helper T cells and B
lymphocytes) leading to the production of highly specific IgG and IgA
directed against the bacterial antigens (Fig. 2).
On the basis of the above, and in
light of the integrating role dendritic
cells play in activating the immune
response, we can assert that stimulation of this cell network is acquiring
greater importance in the attempt to
enhance the body’s defences against
infection: it is not by chance that
immunodeficiency arises when dendritic cell function is compromised.
This paves the way for a third route
of intervention now available for
prophylaxis. This route can also be
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Figure 2
Antimicrobial immune response. (From ref. 14 modified)
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Induction of the antimicrobial immune response upon exposure to microbial
or bacterial stimuli: rule of dendritic cells.
Legend:
CD = dendritic cell; (MIP)3α = macrophage inflammatory protein; CCR = chemokine receptor; HSP = heat shock protein; LPS = lipopolysaccharide; CpG = Cytosine -p-Guanine;
HEV = high endothelial venules; IL = interleukin; CTL = cytotoxic lymphocyte.

implemented given the above-mentioned virus-bacteria interaction and
the high frequency with which bacteria are superimposed on viral infections. Thus it is possible to seek
specific immune system stimulation
through a bacterial antigen charac-

terized by an intact macromolecular
component expressed on adequately
sized fragments of virtually unmodified bacterial wall which simultaneously act on the dendritic cell pattern with a series of synergistic effects to enhance the immune system.

To this purpose we must have an adequate dose of the antigen, adequate
antigen heterogeneousness and a
means of administration, such as the
sublingual administration, able to
avoid the use of the traditional oral
administration where a significant
portion of the antigen is broken
down at the gastric level or when
passing the intestinal barrier.
A response to this requirement is offered by the new bacterial lysates obtained by mechanical fragmentation
(PMBL: polyvalent mechanical bacterial lysates). To ensure antigenic
heterogeneousness, guarantee broad
specific immunological protection
and increase the immune capacity of
the airways mucosa these lysates are
made up of different bacteria of various serotypes.
This combination of effects is the
rationale behind prophylaxis with
PMBL which leads to important
synergistic effects as demonstrated
by recent works such as the one by
Melioli et al. presented as an Abstract at the ERS Congress 2003
(16).
This work demonstrated, in vitro
and in vivo, how it is possible to obtain a specific immune response with
the use of PMBL at a dose of one
sublingual tablet a day for 10 days.
In vitro the PMBL treatment
proved able to induce dendritic cells
maturation in the oropharyngeal and
respiratory mucosa with adequate
doses of antigens unaltered by
chemical lysis methods and with
antigenic properties able to provide
an optimal “natural mold”. In vivo,
at the end of the treatment significant increases in specific IgG and
IgA were found in the treated subjects. Moreover, direct opsonizing
49
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Conclusions
The alarming data arriving on the
epidemiological trend in SARS and
related therapeutic problems lead
one to pose important questions regarding what approaches should be
taken in prophylaxis to enhance the
body’s immune defences.
While awaiting a valid, specific antiviral vaccine, we can consider the
prophylaxis opportunities offered by
the so-called antibacterial vaccines
that can even be used during airways
infections of viral aetiology. The initial data published on this new
pathology lead us to assume that the
50

Figure 3
Results after vaccine prophylaxis with PMBL (17)
P<0,01

P<0,01

P<N.S.

40
No. of colonies

capacity vs. potentially pathological
bacteria proved significantly increased in the treated subjects: this is
demonstrated by the 50% reduction
in colony growth of bacteria taken
from saliva of the PMBL-treated vs.
the untreated subjects (Fig. 3) (17).
The increased specific secretory IgA
induced by PMBL can effectively
block the microorganisms infecting
the mucosa alone as well as those
that pass through the mucosa to
cause to systemic manifestation (18).
The specific immunostimulation obtained through the production of
opsonizing antibodies and the broad
spectrum of immunological action
vs. bacterial pathogens guarantees
protection against the germs responsible for the most important airways
infections of bacterial origin and effectively protects the mucosa in cases
of infection of viral etiology. Thus it
could contribute to breaking the vicious cycle of virus-bacteria interaction, making the viral infection itself
less virulent.
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increased virulence may be the result
of a interaction between the virus
and one or more bacterial agents of
infection.
Thus the rationale behind the use of
PMBLs that have provided convincing effects in the treatment of critical patients affected by recurrent respiratory infections (19). PMBLs
can, therefore, be considered therapeutic weapons (specific polyvalent
antibacterial vaccines) useful in
helping to increase the body’s defences against viral assaults such as
SARS.
Recent studies have shown that,
thanks to mechanical lysis, PMBL’s
are able to provide macromolecular
antigenic fractions of the non denatured walls that stimulate marked,
rapid maturation of the dendritic
cells, particularly in the respiratory
tract thanks to the use of sublingual
administration (16).
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