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Chronic obstructive pulmonary disease
(COPD) is a condition characterized by air-
flow limitation which cannot be fully rever-
sed. This airflow limitation is usually both
progressive and associated with an abnormal
inflammatory response of the lungs to noxious
particles or gases. The most frequent cause of
COPD is a long smoking history1.
The Global Initiative for Chronic Obstructi-
ve Lung Disease (GOLD) guidelines give a
definition and provide a classification system
for airway obstruction2. Diagnosis of COPD
is confirmed by a low forced expiratory volu-
me in 1 second (FEV

1
). There are five stages of

COPD, ranging from stage 0 for patients ‘at
risk’, to stage 4 for patients with ‘very severe
COPD’.
COPD is characterized by an accelerated de-
cline in lung function as well as periods of acute
exacerbation (AECOPD), particularly as the
disease progresses3. Prospective studies indica-
te that patients with moderate to severe COPD
experience an average of 1.5 to 3 exacerbations
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Summary
Background. Infectious exacerbations are the most common complication in patients with chronic obstructive
pulmonary disease (COPD). Some studies have shown that administering antigens extracted from a lysate of
the most common bacterial species involved in respiratory exacerbation may reduce hospitalization rates and
the global burden of the disease. However, at present time, the effectiveness of bacterial lysates in reducing the
frequency of acute exacerbation of COPD (AECOPD) is debatable.
Purpose. The trial aimed to evaluate the clinical effectiveness of a new bacterial lysate (Ismigen®) in patients
suffering from moderate to very severe chronic obstructive pulmonary disease. A subset of these patients were
also affected with chronic cor pulmonale.
Methods. 178 patients were randomized into two different groups: one group was treated with a bacterial
lysate (first 10 days of each month for three consecutive months) and the other with placebo. The trial was
double blind. At the end of treatment, patients were followed for a further nine months.
Results. Selected clinical endpoints were seen to be significantly lower in the group treated with the lysate
than in the placebo group. Ismigen® treatment led to a highly significant reduction in the frequency (215 vs
248 cases) and duration (10.6 vs 15.8 days) of exacerbations, as well as a decrease in antibiotic consumption
(-270 doses) and hospitalization time (275 vs 590 days).
Conclusions. These results suggest that prophylaxis with Ismigen® can reduce the incidence, severity and
duration of AECOPD episodes even in patients with severe COPD and comorbidities.
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per year4,5. Most exacerbations are caused by a
viral or bacterial infection of the tracheobron-
chial tree, and some may be caused by an in-
crease in air pollution6-8. Infection of the
lower respiratory tract has been suggested to
account for up to 80% of AECOPD episo-
des. There are 3 classes of pathogens that are
commonly implicated in exacerbations3: (1)
respiratory viruses, with or without a supe-
rimposed bacterial infection, are associated
with 30% of cases; the viral pathogens mainly
include influenza, parainfluenza, and rhino-
viruses; (2) atypical bacteria, mostly Chlamy-
dia pneumoniae, are implicated in <10% of
cases; (3) aerobic gram-positive and gram-ne-
gative bacteria occur in approximately 40%
to 60% of cases.
AECOPD has negative effects on the health
of patients, and its impact most likely increa-
ses with the frequency of episodes9. It has been
shown that exacerbation frequency in parti-
cular is an important determinant of lung fun-
ction decline in COPD10. Obviously, strate-
gies for preventing COPD exacerbations may
have an important impact on the natural course
of this disease and on the morbidity and death
rates of these patients. Sadly, despite the pre-
valence and seriousness of COPD, there is a
widely-held belief that little can be done to treat
the disease other than stop patients from smo-
king. A much more assertive and optimistic
approach should be adopted, since there is cle-
ar evidence that the various treatments availa-
ble improve the condition of patients in a va-
riety of ways, although they are unable to cure
the disease.
A systematic review of 9 randomized placebo-
controlled trials concluded that regular admi-
nistration of oral antibiotics reduced bronchi-
tic exacerbation rates to a small but statistical-
ly significant degree (P <0.05)11. However,
many experts believe that the widespread - and
perhaps indiscriminate - prescription of anti-
biotics for respiratory infections has contribu-
ted towards the emergence of antibiotic-resi-
stant strains among common bacterial patho-
gens12.
Influenza immunization is arguably the single
most effective way currently available of pre-
venting severe COPD exacerbations13. Althou-
gh the evidence is not as strong as for influen-
za immunization, pneumococcal vaccine may
also have some protective effect against serious
COPD exacerbations14. Specific immuniza-

tions against other viral and bacterial patho-
gens commonly found in the respiratory tract
are not currently available, but several mole-
cules are being developed. There are intriguing
reports that the immune-modulating agent
OM-85 (the alkaline proteolysis product of
Haemophilus  influenza , Streptococcus pneumo-
niae, Klebsiella pneumoniae, Klebsiella ozaenae,
Staphylococcus aureus, Streptococcus pyogenes,
Streptococcus viridans, and Moraxella catarrha-
lis lysates) may have substantial protective ef-
fects against COPD exacerbations and hospi-
talization15,16. The trials available so far with
this oral bacterial lysate were assessed in a re-
cent meta-analysis17. When only the three most
recent well designed trials were combined, the
number needed in treatment to prevent an exa-
cerbation was calculated to be ~15.4 (95%
CI 5.5- )17. Overall, there are still very few
studies in patients with well-defined COPD
in advanced GOLD-stages, and a lack of stu-
dies longer than 6 months.
A new treatment has recently been introdu-
ced with a new type of bacterial lysate, fruit
of a new technique based on mechanical ly-
sis. Bacterial lysis using chemical substances
(such as the chemical proteolysis used to
obtain OM-85) may lead to structural altera-
tion of antigenic macromolecules and conse-
quently weaken the expected immune respon-
se. There is documentary evidence that seve-
ral vaccines fail precisely because the vaccine
molecules which induce the immune response
are not suitably structurally conserved18.
The mechanical lysis of bacterial cells, on the
other hand, prevents contamination with che-
mical substances potentially able to denature
the antigenic structures they are used to obtain,
with the advantage of producing a bacterial
lysate containing structurally intact antigenic
macromolecules which are therefore able to
induce a more effective immune response. Ismi-
gen® is a killed, freeze-dried bacterial lysate
obtained by mechanical lysis of the eight most
common respiratory pathogens (S. aureus, S.
pyogenes, S. viridans, K. ozaenae, H. influenzae,
M. catarrhalis, and six serotypes of S. pneumo-
niae). Ismigen® tablets are administered sublin-
gually so that the antigenic molecules may
easily spread in the upper respiratory tract
mucous membrane and stimulate regional im-
munity, thus avoiding the gastric digestion
of protein macromolecules which would oc-
cur if the tablet were swallowed.
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Previous random controlled clinical trials have
shown that bacterial lysates obtained by
mechanical lysis have a greater protective ef-
fectiveness than traditional lysates against re-
spiratory infection in patients with recurrent
affections of the upper and lower respiratory
tract19,20.
The aim of this study was to examine whether
ismigen® tablets administered sublingually re-
peatedly for 10 days a month for 3 consecuti-
ve months, with a follow-up of a further 9
months, could protect patients with modera-
te-very severe COPD complicated with cor
pulmonale against acute exacerbations thou-
ght to be related primarily to respiratory tract
infections.

Patients and methods

This double-blind, randomized, placebo-con-
trolled trial, started on August 2003 and fi-
nished on October 2004. The study protocol
was approved by a local ethics committee, and
signed informed consent was obtained from
each patient before inclusion.

Population

A total of 229 outpatients suffering from mo-
derate to very severe COPD according to the
GOLD severity classification (II to IV)2 were
screened from August to October 2003. They
had to be able to understand instructions gi-
ven by medical staff, and be cooperative and
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Figure 1. Study design and patient flow during the trial.
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able to reach our centre regularly. Patients
suspected of having lung cancer, those who
needed continuous domiciliary oxygen the-
rapy, and those with a body mass index (BMI)
<19.5 and >30.0 were excluded. Patients
taking or who took corticosteroids, azathio-
prine and other immunosuppressive drugs
during the previous six months were also exclu-
ded, as were those who had had an episode of
acute exacerbation treated with antibiotics
within the previous month.
Fifty-one patients did not meet the inclusion
criteria and were excluded. One hundred and
seventy eight patients were therefore random-
ly split into two parallel groups (mean age of
67 years). The enrolled population was com-
posed of males and females (70% male) with
previous smoking experience; about 43% of
patients still smoked. Seventy-one patients suf-
fered from stage IV COPD (FEV

1
/FVC

<70%; FEV
1
 <30%) and 32 of them also suf-

fered from chronic cor pulmonale. All rando-
mized patients underwent renal and hepatic
assessment laboratory tests and a chest X-ray
before starting the treatment. The clinical data
collected for the eligible patients revealed 249
episodes of AECOPD in the six months befo-
re randomization; thirty-nine of them requi-
red hospitalization, corresponding to a rate of
498 episodes of AECOPD/year with 78 cases
of hospitalization/year.

Study design and endpoints

The trial aimed to evaluate the efficacy of three
courses of Ismigen® in preventing AECOPD
in susceptible patients. Patients were followed
up for 12 months after the first course. The
two primary study outcomes were the num-
ber of AECOPD events which occurred du-
ring the trial period and the follow-up, and
the duration and severity of exacerbation epi-
sodes. Secondary outcomes included the rate
and length of hospitalization due to AECOPD,
and the use of antibiotics and other respira-
tory drugs.
Figure 1 shows the trial design and the patient
flow during the course of treatment (1 cycle/
month for 3 months) and follow-up (9 mon-
ths). Five examinations were scheduled: upon
randomization (T1), at the end of treatment
(T2), and every three months during the fol-
low-up until trial completion (T3-T5). Out of
the 178 randomized patients, 83 patients from
the placebo group and 89 patients from the
lysate group completed the treatment proto-
col. At the end of the follow-up, 70 placebo
and 76 lysate group patients were assessable.

Randomization and treatment groups

The eligible patients were randomized into two
fairly uniform groups from the point of view
of their demographic and baseline data (table
1). Patients had to take one Ismigen® (Zam-

Table 1. Demographic characteristics and clinical profile of patients included.

Parameter Treated Placebo
(N=92) (N=86)

Sex (male/female) 60/32 59/27

Age (years) 66 (±2) 67 (±3)

Still smoking (pts) 41 37

Length of chronic bronchitis (years) 15.8 (±3.1) 16.6 (±2.4)

FEV
1
 (% pred.) 46.2 (±13.2) 45.7 (±12.8)

FEV
1
 (L) 1.0 (±0.41) 1.1 (±0.39)

FVC (% pred.) 62.4 (±13.3) 63.8 (±15.4)

FVC
1
 (L) 1.98 2.06

N° AECOPD during previous year 266 232

N° AECOPD/pts during previous year 2.9 (±0.6) 2.7 (±0.4)

N° hospitalzations during previous year 37 41

Stage II (Pts) 36 32

Stage III (Pts) 20 19

Stage IV (Pts) 21 18

Stage IV and cor pulmonale (Pts) 15 17
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bon, Bresso, Italy) or placebo tablet sublingual-
ly in the morning, every day repeatedly for 10
consecutive days per month for 3 consecutive
months. Each Ismigen® 50 mg tablet contai-
ned 7 mg of freeze-dried bacterial lysate. Upon
randomization, many patients were receiving
regular treatment for COPD and/or cardio-
vascular comorbidities. No previously prescri-
bed treatments were suspended during the stu-
dy period or follow-up.

Evaluation

To optimize clinical evaluation, patients were
allocated to five groups: an investigator and
two nurses were assigned to each group. Pa-
tients were suitably trained to evaluate chan-
ges in respiratory function (dyspnoea), sputum
production and purulence compared with ba-
seline, and were taught how to record their
use of medication and changes in dyspnoea and
sputum with respect to baseline conditions on
diary cards. All patients were asked to phone
or report to their centre in the event of sus-
pected exacerbation. An event was considered
to be an episode of acute exacerbation when
the patient met the following three conditions:
(1) change in sputum characteristics; (2) occur-
rence of at least one of the following additio-
nal symptoms: breathlessness, coughing or fe-
ver; (3) evidence of the nontrivial nature of
the episode (as determined either by an un-
scheduled medical examination and/or use of
antibiotics). The investigator assigned to each
group confirmed the diagnosis of AECOPD
in 407/463 cases; 56 other episodes were dia-
gnosed by the family doctor. Patients with
AECOPD were treated at home with an oral-
ly administered antibiotic (ciprofloxacin for 7-
10 days); the number of antibiotic tablets taken
by each patient was recorded.

Statistical analysis

The Statistical Package for Social Sciences ver-
sion 10.0 (SPSS Inc., Chicago, Illinois, USA)
was used for all analyses. The comparisons
between groups were made using appropriate
statistical methods (Fisher exact test for cate-
gorical analyses, and Student’s t test and the
Mann-Whitney U test for continuous varia-
bles). P<0.05 was considered significant.

Results

One hundred and forty-six out of the 178 ran-
domized patients (82%) completed the trial.
During the follow-up period 7 patients died: 5
receiving placebo (6%) and 2 receiving Ismi-
gen® (2%). Moreover, 11 placebo patients and
14 lysate patients did not complete the trial
due to poor protocol compliance. In line with
the results of other studies, the incidence and
severity of the AECOPD cases were strictly
related to FEV

1
. Two hundred and seventy-

three of the 463 total cases occurred in the 71
stage IV patients (3.8 episodes/patient/year);
101 episodes took place in the 68 stage II pa-
tients (1.5 episodes/patient/year), and another
89 cases occurred in the 39 stage III patients
(2.3 episodes/patient/year). The highest exa-
cerbation rate was observed in the 32 stage IV
patients with chronic cor pulmonale: 57 episo-
des in the 15 patients treated with lysate (3.8
episodes/patient/year) and 80 episodes in the
17 patients in the placebo group (4.7 episodes/
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Table 2. Frequency of acute exacerbation cases
occurred in each group broken down by COPD
stage.

Figure 2. AECOPD episodes per treated patient
per year compared to placebo patients.
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patient/year). Table 2 shows the number of
AECOPD cases which occurred in each group
broken down by COPD stage.

Acute exacerbations

A total of 463 episodes of AECOPD occurred
during the study: 215 in lysate group patients
(2.3 cases/patient/year) and 248 in placebo
patients (2.9 cases/patient/year). The median
case reduction averaged 21% per year per pa-
tient (figure 2). Since the trial lasted a total of
12 months, the observed exacerbation rate
corresponded to an average of 2.3 (±0.3) epi-
sodes/patient/year among the lysate group
patients and 2.9 (±0.4) episodes/patient/year
in the placebo group, that is a reduction of 33
episodes per year in the lysate group (p<0.05).
In comparison with the AECOPD rates of the
previous year (see table 1), the exacerbation
rates measured were notably lower for the ly-
sate group (-0.6 episode/year) and higher in
the control group (+0.2 episodes/year).

Duration and severity of AECOPD

The mean duration of the 215 AECOPD ca-
ses which occurred in the lysate group patien-
ts was 10.6 days, whereas the mean duration
observed in the placebo group was 15.8 days.
The 5.2 day difference between the two groups
was statistically significant (p<0.05). This dif-
ference had a potential significant economic
impact on the population: in fact, the 5.2-day
decrease for each case which occurred multi-
plied by the 33-case difference between the
placebo group (248 cases) and the lysate group
(215 cases) implies a reduction in total hospi-
talization time of about 171 days for a small
cohort of only 92 treated patients. Respiratory
symptoms were also less severe in immunized
patients (table 3). Lastly, lysate administration
led to a greater rate of clinical success.
In our trial, clinical success was defined as the

complete remission of respiratory distress and
resumption of the patient’s everyday life acti-
vities. Under the same antibiotic regimen, cli-
nical recovery was attained in 89.3% of the
patients treated with lysate compared with
81.8% of the control patients (p<0.02). Pa-
tients in the lysate group took fewer antibioti-
cs (8.7 days of treatment) than placebo patien-
ts (12.8 days of treatment). More than 90% of
the total episodes were treated with ciproflo-
xacin (500 mg twice daily). As a consequence
270 doses of this antibiotic were saved in the
immunized group.

Hospitalization rates and length of stay

During the trial period, there were 87 cases of
hospitalization due to respiratory diseases: 56
in the placebo group and 31 in the lysate group,
amounting to a total of 865 days (average du-
ration of 9.9 days ± 3.7). All deaths were asso-
ciated with cardio-respiratory failure and all
happened after an AECOPD episode. Althou-
gh the difference in mortality rate between
lysate treatment and placebo was not statisti-
cally significant, the figures suggest that active
immunization with Ismigen® might reduce
hospitalization rates and - perhaps - overall
mortality in high risk patients. This trial only
considered hospitalization related to respira-
tory diseases and did not take hospitalization
due to other causes into account. Hospitaliza-
tion mainly lasted 8.9 days (±2.2) in the lysate
group and 10.5 days (±3.7) in the placebo
group (p<0.05).

Tolerability and adverse events

The lysate treatment was seen to be safe and
well tolerated even though the population was
elderly with moderate to very severe COPD
and several comorbidities for which they were
taking many respiratory and cardiovascular
drugs. No clinically relevant differences were

Table 3. Respiratory symptoms and clinical success rates.

Parameter Lysate (215 episodes) Placebo (248 episodes)

Clinical success 192 (89.3%) 203 (81.8%)

Coughinga 14 (6.5%) 34 (13.7%)

Dyspnoeaa 16 (7.4%) 31 (12.5%)

Mucopurulent sputum 23 (10.6%) 51 (20.5%)

Rales/Rhonchia 11 (5.1%) 18 (7.2%)

a=Moderate-severe
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noted between the groups concerning clinically
significant abnormalities in physical assessmen-
ts or clinical laboratory tests; no adverse even-
ts were reported by patients. No patients di-
scontinued the treatment protocol due to un-
favourable reactions. Twenty-five patients
dropped out of the trial by failing to return
for study examinations or due to noncomplian-
ce with the trial medication.

Discussion

Several studies have shown that bacterial ex-
tracts increase the expression of adhesion mo-
lecules at the surface of polymorphonuclear
leucocytes, and enhance natural killer cell ac-
tivity and the production of Tumour Necro-
sis Factor-a, interleukin (IL)-1, IL-2, and in-
terferon g by human peripheral blood mono-
nuclear cells21-24. It is not a surprise, therefore,
that some trials have shown that active immu-
nization with bacterial lysates administered
with the same schedule as we used in this trial
is able to reduce the incidence and duration of
AECOPD16,25-28. There are however differen-
ces in results between lysates obtained by che-
mical lysis administered by ingestion and the
bacterial lysate obtained by mechanical lysis
administered sublingually, presumably due to
the different ways in which the immune re-
sponse is induced.
The ability of lysates obtained by chemical lysis
to reduce the frequency of exacerbation is
much more debatable, although there is clear
documentary evidence that bacterial extracts
function by enhancing the postnatal matura-
tion of Th1 function, which is normally dri-
ven by stimuli from the commensal gastroin-
testinal microflora. The Th1-stimulatory ef-
fects observed are likely to contribute to the
clinical efficacy of bacterial lysates in enhan-
cing resistance to infections29. OM 85 BV was
evaluated in a meta-analysis, which showed a
0.6 reduction in exacerbations per 6 months30.
In a more recent systematic review the relati-
ve risk of exacerbation was only modestly re-
duced by chemical bacterial lysates, but they
improved symptoms in COPD patients17.
Furthermore, a controlled and well conducted
trial was unable to demonstrate that OM-85
BV administration could reduce the rate of
exacerbation, although the likelihood of se-
vere respiratory events leading to hospitali-
zation was significantly lower among the ly-

sate group patients than in the placebo
group16. It is apparent that, although there is
no sufficiently strong evidence to suggest that
bacterial extracts play a role in preventing exa-
cerbations, there is clear evidence that they
improve symptoms in patients suffering from
COPD. This is an important conclusion that
keeps interest in the topic alive31.
As regards the administration of the new bacte-
rial lysate obtained by mechanical lysis, it
should be emphasized that the significant de-
crease in incidence of upper and lower respi-
ratory tract relapses, even in trials which in-
volved patients in “extreme” environmental
conditions (such as prisoners or secluded nuns),
may be attributed to the greater immune re-
sponse induced by sublingual administration
of structurally intact antigenic macromolecu-
les. Experimental immunology studies have
shown that lysated macromolecules obtained
by mechanical lysis are able to stimulate the
maturation of dendritic cells, which are re-
sponsible for activating the two immunity
branches, innate and acquired32. In particu-
lar, in vivo tests in man have shown that,
thanks to this peculiar mechanism, admini-
stering the new bacterial lysate obtained by
mechanical lysis significantly increases syste-
mic IgG levels and above all secretory IgAs33.
Secretory IgAs are the most important arms
in regional immune response when the respi-
ratory mucous membrane is attacked by pa-
thogens, also because immunization of the
upper respiratory tract generally causes an
intense immune reaction throughout the
whole respiratory tract34.
Bacteria clearance remains a debatable aspect
in patients with COPD even after optimal
antibiotic treatment35. Several studies have do-
cumented the presence of the same bacterial
strains as were isolated in previous episodes
of AECOPD despite apparent microbiologi-
cal eradication with an appropriate antibio-
tic regimen36. This suggests that antibiotic
agents may spread poorly into mucopurulent
sputum or that, even when the concentrations
are high enough, locally produced enzymes
released during acute inflammation (i.e. ela-
stase, metalloproteinase, etc.) may reduce the
antibiotic effect. In this situation, even small
clusters of bacteria which survive in elderly
and/or immunocompromised patients may
establish new centres of infection. Bacterial
lysates can improve bacterial clearance by sti-
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mulating the secretion of both local and syste-
mic globulins (IgA, IgE and IgG). This mecha-
nism has been observed in many experimen-
tal models37,38.
The duration of our trial - at least regarding its
follow-up - was longer than other published
trials. Furthermore, an interim analysis six
months after the beginning of the trial revea-
led a risk reduction (-41%) that appeared to
be larger than the one recorded at the end of
the follow-up (12 months). This result sugge-
sts that, although the benefits of immuniza-
tion are long lasting, they are greater up to
three-six months after the last cycle. This ob-
servation suggests that frequent immune-re-
freshing could be useful in preventing relap-
ses, at least in elderly and/or immunocom-
promised patients. In any case, the duration
of exacerbation and the hospitalization rates
observed in this trial are in line with the re-
sults of other reports. This is an important
finding because the majority of the enrolled
patients were at high exacerbation risk, and a

sub-group of them was even affected with
severe right ventricular haemodynamic failu-
re.
Both the lower incidence and shorter dura-
tion of AECOPD cases allowed better allo-
cation of economic resources, with notable
cost savings in terms of drugs and hospitali-
zation. In fact, 270 doses of an oral antibiotic
and 315 hospitalization days (275 days in the
lysate group vs. 590 days among control pa-
tients) were saved in one year on a small
cohort of 92 patients. If we had treated a cohort
of 1,000 patients with the same clinical profile
as the sample we studied, the antibiotics saved
would have averaged 2,930 doses a year.
In conclusion, on the basis of the important
clinical results of this trial, i.e. lower inciden-
ce of exacerbations and greater efficacy of an-
tibiotic treatment in patients immunized with
bacterial lysates, it is possible to state that this
therapeutic approach should always be consi-
dered in patients suffering from moderate to
very severe COPD. TiM
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