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SUMMARY

Humoral and cell-mediated immunity (CMI) against B. pertussis was assessed in a sample

of adolescent, adult and senior subjects distributed in five different geographical areas in Italy.

Most (99.1%) subjects had IgG anti-pertussis toxin (PT) antibodies exceeding the minimum

detection level [o2 ELISA units (EU)/ml]. There were no significant differences between

the genders ; 6.2% samples recorded titres o100 EU/ml. CMI was positive [stimulation index (SI)

o5] against PT in 39.0% of all samples. This study suggests that B. pertussis continues to

circulate in age groups that have been previously considered to be uninvolved in the circulation

of this pathogen and that adolescent and adult pertussis boosters may be of value in these

populations. Nevertheless, over the last 10 years, large increases in vaccination coverage rates

have contributed to reduce the spread of the aetiological agent, especially in the immunized

population.

INTRODUCTION

Pertussis is a respiratory infection caused by

Bordetella pertussis, a Gram-negative coccobacillus

[1] that, once inside the respiratory tract, adheres to

cells of the epithelium with adhesins and accomplishes

its pathogenic action through the production of

different toxins, most of which are strongly im-

munogenic [2–8].

Pertussis toxin (PT) is predominantly responsible

for the pathogenesis of the disease by damaging res-

piratory tract cells, interfering with host defences and

causing cellular toxicity [4]. Antibodies against PT

are produced after natural infection and vaccination.

Transmission of pertussis occurs through Flugge’s

droplets. The bacteria are highly infective and people
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living in contact with affected subjects, if not ad-

equately protected, have a high probability of con-

tagion [9].

In unvaccinated children, pertussis has a typical

course and can cause severe symptoms and com-

plications. In vaccinated children, adolescents and

adults, the disease has a mild and often non-specific

course [10].

In the pre-vaccination era the paucity of pertussis

cases in adolescents and adults prompted the belief

that infection as well immunization conferred lifelong

immunity. Since the beginning of the vaccination era,

reports of cases in young infants, adolescents, and

adults has increased indicating the changing epidemi-

ology of pertussis under the immunological pressure

produced by vaccination [11–16]. Currently, it is well

established that immunity against pertussis, whether

natural or induced by vaccination, does not last a

lifetime, and that immune protection tends to decay

after about 10 years. These data are confirmed by epi-

demic outbreaks, especially in adolescents and adults,

in geographical areas where vaccination coverage is

high [17].

It is believed that antibodies produced against

different antigens of B. pertussis play a key role in

protection from the disease [8]. Unlike other vaccine-

preventable diseases, no antibody level against a single

antigen or a combination of antigens is definitively

related to clinical protection. Nevertheless, some

clinical trials using acellular vaccines containing three

and five antigens, have shown that subjects with high

antibody levels against PT, pertactin (PRN) and fim-

briae (FIM) are less likely to develop the disease in a

clinically evident form when exposed to the pathogen

[18–20].

Cell-mediated immunity (CMI) also has a key role

in protection against the infection; the development

of this type of immune response can be very important

in the clearance of the microorganism and in sub-

sequent protection. Indeed, some authors claim that

the proliferation of mononuclear cells of peripheral

blood when stimulated by B. pertussis antigens [PT,

PRN and filamentous haemagglutinin (FHA)] is in-

versely correlated to the clinical appearance of the

disease [21, 22].

Epidemiologically, pertussis is a ubiquitous en-

demic/epidemic disease ; a characteristic cyclical pat-

tern could be observed in the pre-vaccination era with

epidemic outbreaks occurring typically every 3–5

years and with a summer–autumn seasonality. In the

pre-antibiotic and pre-vaccination era, incidence and

mortality were extremely high especially in children

aged <5 years. Although the introduction of anti-

biotics and vaccination has been associated with a

large decrease in both incidence and mortality, per-

tussis, nevertheless, currently remains one of the most

important vaccine-preventable paediatric diseases

because of the high number of cases and the possi-

bility of serious complications [23]. Important data

have been recorded in many countries where high

vaccination coverage rates have been reached. In

these areas the reduced incidence of pertussis disease

in children, contributes to a decreased opportunity of

acquiring natural boosting. For these reasons, the

disease is now increasingly registered in adolescents or

adults who have lost their immunological protection

and in infants that have not yet begun or completed

their primary vaccination course. For the latter, the

source of infection is predominantly through ado-

lescents and adults [9].

Despite the increase in registered adult cases and

the improved knowledge about the effects and com-

plications of the disease, to date few studies have

been conducted on adolescents and adults. Therefore,

the true incidence of infection in these age groups

remains largely unknown. The purpose of this study

was to assess the humoral and CMI against B. per-

tussis in a sample of adolescent, adult and senior sub-

jects distributed in five different geographical areas in

Italy.

METHODS

Study design and subjects

This observational, cross-sectional, multicentre study

was performed in six regions in Italy [North West

(Genoa, Turin), North East (Ferrara), Centre

(Florence), South East (Lecce) and South West

(Messina)], representing 38.9% of the Italian resident

population in 2004 when the study was performed.

The study was approved by the Ethics Committees at

each centre. Each subject, or their legally authorized

representative, provided written consent for the col-

lection of personal data and blood samples.

Male and female subjects aged o12 years that had

either applied for a health check or were donating

blood were eligible for the study. Subjects aged <12

years, or those individuals affected by congenital or

acquired immune deficiencies, or who did not provide

written consent were excluded from the study. A case

report form was completed for each subject, which
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included demographic, anamnestic, clinical and vac-

cination details.

For anamnestic analysis, data appertaining to the

number of children in the family, residence (urban or

rural), former B. pertussis infection, previous vacci-

nation against pertussis and tetanus, persistent cough

over the previous 12 months, and attendance at closed

communities (e.g. schools, barracks, nursing homes,

hospices, etc.) was collected.

Immunological assessment

A single blood sample was taken from each subject.

IgG anti-PT antibodies were evaluated at the Hygiene

and Microbiology Department of the University of

Palermo, using an enzyme-linked immunosorbent

assay (ELISA) method with a minimum level of de-

tection of >2 ELISA units (EU)/ml [24, 25].

The assessment of CMI was performed at the

CEBR (Centre of Excellence for Biomedical Research)

at the University of Genoa. The stimulation index (SI ;

cut-off >5) on peripheral blood mononuclear cells

was assessed using a lymphocytic proliferation test

against specific antigens, mitogen and control anti-

gens [PT, tetanus toxoid (TT), and phytohaemagglu-

tinin (PHA)] [26, 27].

Statistical analysis

The primary objectives of the study were to assess the

prevalence of IgG anti-PT in an Italian population

aged >12 years stratified by age, gender and geo-

graphical area, and to evaluate CMI in half of this

sample population. The secondary objectives were

to study any trends between humoral and CMI and

age, geographical area, type of residence, vaccination

status, former infection and persistent cough in the

previous 12 months.

The study required a total sample size of 1500

subjects ; 300 subjects for each age group (12–14,

15–24, 25–44, 45–64, o65 years) ; 250 subjects for

each centre (50 per age group per centre).

Statistical analysis was performed using Stata 9

software (StataCorp LP, College Station, TX, USA).

The association among qualitative variables was per-

formed with Pearson’s x2 test. Geometric mean titres

(GMTs) were calculated on each sample and a value

of 1 (half of the cut-off) was given arbitrarily to nega-

tive sera. GMTs at each centre, stratified according to

gender and age, were studied using ANOVA (with

Bonferroni test for multiple comparisons). Therefore,

a logistic regression model was used to verify the joint

influences of enrolling centre, gender, age on the CMI

response and on the IgG PT antibodies response.

RESULTS

A total of 1304 subjects (590 males, 687 females ; 27

not determined) were enrolled between November

2004 and November 2005, of whom 616 were also

included in the CMI analysis.

Humoral immunity

A total of 99.1% of subjects recorded IgG anti-PT

antibodies o2 EU/ml. Overall, there were no signifi-

cant differences between the genders (99.3% males

vs. 98.7% females ; Fig. 1). When stratified according

to age, the percentage of positive samples for IgG

anti-PT was similar in the different age groups; the

only statistically significant difference was found in

subjects aged o65 years (males vs. females, x2=4.23,

P<0.05). When stratified according to gender and

age f24 and >24 years, significantly fewer males

in the younger age group were seropositive for IgG

anti-PT antibodies (x2 =6.24, P<0.05; Fig. 2). The

seroprevalence by gender was similarly high at all the

centres (Fig. 3).

Further analysis of the positive samples revealed

that 23.4%, 57.3%, 13.0% and 6.3% included titres

in the range 2–8, 9–49, 50–99 and o100 EU/ml, re-

spectively. At the different centres, most samples had

antibody titres in the range 9–49 EU/ml. When

stratified according to age, no significant statistical

difference was found. Age-specific distribution of PT

IgG high titres (o100 EU/ml) in Italy is shown in

Figure 4.

Table 1 presents the GMTs recorded at each centre,

stratified by gender and age group. The overall GMT
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Fig. 1. Percentage of subjects with IgG anti-pertussis toxin

o2 EU/ml by gender and age group (n=1274). %, Males ;
&, females. * P<0.05 for the o65 years age group.
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was 19.2 EU/ml, ranging between 9.7 EU/ml

(Florence) and 35.0 EU/ml (Lecce). After stratifying

the sample by age, the only statistically significant

difference observed was between the 12–14 years and

15–24 years age groups. No significant difference in

GMTs was found after stratifying the data by gender.

CMI

Positive CMI results (SI o5) against PT, TT and

PHA were recorded in 39.0%, 16.1% and 89.8% of

samples, respectively (Fig. 5). The average SI of the

positive samples was 21.0, 11.7 and 74.2 for PT, TT

and PHA, respectively.

After comparing the percentage of subjects with

positive CMI data according to age, statistically sig-

nificant differences were observed in the following age

groups: 12–14 years vs. 25–44 years (x2=5.31, P<
0.05) ; 12–14 years vs. 45–64 years (x2=5.38, P<0.05) ;

12–14 years vs. o65 years (x2=8.00, P<0.01). There

were no significant differences between the genders in

any age group (Fig. 6), but a significant difference was

shown in the female population agedo24 years (f24

years vs.f24 and>24 years, x2=4.89, P<0.05). The

logistic regression model, used for the analysis of the

CMI response in our sample, reveals a statistical trend

in decreasing CMI with increasing age.

Anamnestic analysis

Results of the anamnestic analysis are presented in

Table 2. A total of 39% of subjects lived with children

(no children, 59%; not determined, 2%), but this

factor was not associated with significant differences

in either the rate of IgG anti-PT positivity or of CMI

against PT positivity. Similarly, no significant differ-

ence in humoral or CMI was shown on the basis of

residential location (urban, 68.6%; rural, 22%; not

determined, 9.4%).

A previous B. pertussis infection was declared by

25.8% of subjects (35.1% had no previous infection,

34.7% could not remember, 4.2% no data available).

Although no significant difference in humoral im-

munity was observed between these groups, a signifi-

cant difference (P<0.05) was shown for CMI in

subjects who had been infected vs. those who had not

or could not remember (infection vs. no infection,

x2=5.75, P<0.05; no infection vs. infection not re-

membered, x2=6.48, P<0.05).

Previous pertussis vaccination (4.1% previous

vaccination, 61.7% no vaccination, 22.9% could not

remember, 11.3% not determined) was not associated

with any significant differences in humoral or CMI.

Anti-tetanus vaccination was declared by 59.8% of

the enrolled subjects ; 14.4% did not report any im-

munization (did not remember, 17.3%; not deter-

mined, 8.5%).

The majority of subjects (74.3%) did not report a

persistent cough in the previous 12 months before the

study (persistent cough, 5.9%; did not remember,

6.1%; not determined, 13.7%). A significant differ-

ence in humoral immunity was shown in those who

had experienced a persistent cough compared with

those who did not (cough vs. no cough, x2=4.87,
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Fig. 2. Percentage of subjects with IgG anti-pertussis toxin
o2 EU/ml by gender and age group (n=1274). %, Aged
f24 years ; &, aged >24 years. * P<0.05 for males.
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Fig. 3. Percentage of subjects with IgG anti-pertussis toxin
o2 EU/ml by gender and region (n=1274). %, Males ; &,

females.
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Fig. 4. Age-specific distribution of IgG anti-pertussis toxin

high titres (o100 EU/ml) in Italy.
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P<0.05). No other significant difference in the levels

of humoral or CMI was observed.

Attendance at closed communities was declared by

45.6% of subjects (not declared, 48.6%; no infor-

mation for one subject ; data not available, 5.7%). A

significant difference for humoral immunity was found

for those who lived in a closed community vs. those

who did not (x2=4.29, P<0.05).

DISCUSSION

In Italy, pertussis is a mandatory notifiable disease

and the epidemiological trend has shown important

changes related to the introduction and use of per-

tussis vaccine. The average incidence rate fell from

38.4/100 000 in the period 1956–1959 to 12.4/100 000

in the period 1971–1974, as a consequence of vaccine

introduction in 1961. However, from the mid-1970s

until the end of the 1980s, there was an increase in the

incidence rate (27.2/100 000 in the period 1986–1989)

related to an insufficient vaccination coverage rate

and wide differences among regions [28]. The intro-

duction in 1994, of new acellular pertussis vaccines

and the start of the pertussis project in 1996, together

with the availability of combined vaccines for new-

borns, has greatly changed the national situation

making vaccination more widespread (national vac-

cination coverage in 2003, 95%). [29].

Recent epidemiological studies performed in Italy

have shown that despite a decrease in the total inci-

dence rate, the number of cases in age groups 5–9

years and 10–14 years, and the average age of cases

are increasing. Notably, no epidemic peak has been

registered since 1998, probably reflecting the high

vaccination coverage rate reached in the last few

years [30].

The expected increase in the incidence of pertussis

in adolescents and young adults poses a new problem

as these subjects can become a reservoir of infection

and contribute to the transmission of B. pertussis [31].

In adolescents, adults, and typically in vaccinated sub-

jects, pertussis generally has an atypical clinical form,

with episodes of parossistic cough for short periods,

or simply episodes of persistent cough. In these cases,

pertussis diagnosis is not routinely considered, and

therefore it is difficult to acquire precise epidemi-

ological data about the actual diffusion of B. pertussis

in the different age groups in the population [32].

Table 1. Geometric mean titre (EU/ml) stratified by gender and age group and region (n=1301)

Age
(yr)

Genoa (n=161) Turin (n=156) Ferrara (n=384) Florence (n=202) Lecce (n=173) Messina (n=225)

M F Total M F Total M F Total M F Total M F Total M F Total

12–14 — — — 8 — 8 11.1 17.3 14.8 — — — — 61 61 13.7 7.8 12.1
15–24 30.9 — 33.2 22.0 27.1 24.1 20.6 22.1 21.6 11.1 15.0 13.8 51.0 33.2 37.8 34.4 20.6 24.5
25–44 12.4 12.5 12.7 11.9 14.2 12.7 39.6 30.6 35.4 5.2 9.7 8.4 29.1 27.5 27.3 33.3 29.9 32.0

45–64 14.4 15.1 14.5 12.9 12.7 12.9 29.1 20.5 24.2 11.4 8.3 9.1 33.0 42.6 38.7 28.5 24.0 27.2
o65 23.2 10.2 14.0 32.6 — 32.6 25.4 21.6 23.6 10.4 8.0 8.8 38.8 37.7 38.3 21.8 24.6 23.4

Total 15.5 11.6 14.2 14.4 17.3 15.3 22.6 21.8 22.5 9.2 9.9 9.7 35.3 35.4 35.0 26.5 21.9 24.6

M, Males ; F, females ; —, sera not collected.
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Fig. 5. Percentage of subjects with a stimulation index value
of o5 against pertussis toxin (% ; n=616), tetanus toxoid

(& ; n=596) and phytohaemagglutinin ( ; n=609).
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Fig. 6. Percentage of subjects with a stimulation index value
of o5 against pertussis toxin, stratified by gender and age

group (n=608). %, Males ; &, females.
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Despite the attainment and maintenance of high

vaccination coverage in infants and young children,

pertussis remains endemic in many countries and has

re-emerged as an important public health problem.

This observation supports the relatively short period

of induced immunity following both natural infection

and vaccination [33].

This polycentric study conducted in different geo-

graphical areas of Italy was performed in order to

evaluate the humoral and CMI against B. pertussis in

a sample of adolescent, adult, and senior subjects.

The analysis of demographic-anamnestic infor-

mation collected from subjects participating in our

study, allowed us to evaluate a number of variables

which are known to be important for the epidemi-

ological dynamics of B. pertussis infection. Despite in-

complete data for many of the studied variables, due

to unavailable anamnestic memory by the subjects

or to non-registration, the information collected

can nevertheless contribute to our understanding of

the persistent circulation of the aetiological agent.

Notably, 39% subjects lived with children, and

68.8% were urban residents. Persistent cough in the

12 months preceding the study was reported by 5.9%

subjects and attendance at closed communities was

present in 45.6% of the cases. A total of 25.8% sub-

jects recalled a previous B. pertussis infection while

only 4.1% had received pertussis vaccination. Stratifi-

cation of this last criterion by age, indicates that vac-

cination is limited almost exclusively to subjects aged

<24 years, and that in the past pertussis vaccination

was not regularly administered and that coverage has

only significantly increased over recent years. Data

about pertussis vaccination can be usefully compared

Table 2. Number and percentage of positive samples: IgG anti-PT

(n=1301) and stimulation index against PT (n=616), stratified according

to anamnestic data

Number of positive samples (%)

IgG anti-PT SI against PT

Presence of children in the family
Yes 504 (99.2) 97 (39.1)
No 759 (98.8) 139 (38.9)
Not determined 25 (100) 4 (36.4)

Residential area
Urban 882 (99.0) 171 (39.1)
Rural 283 (98.6) 64 (45.1)

Not determined 123 (100) 5 (13.5)
Previous B. pertussis infection
Yes 332 (98.2) 70 (41.9)

No 452 (98.9) 68 (30.2)
Not remembered 449 (99.6) 83 (42.1)
Not determined 55 (100) 19 (70.4)

Previous vaccination for B. pertussis

Yes 53 (100) 9 (34.6)
No 790 (98.5) 146 (36.0)
Not remembered 297 (99.7) 53 (43.1)

Not determined 148 (100) 32 (52.5)
Previous episodes of persistent cough
in the 12 months before the study

Yes 73 (96.1) 17 (37.0)
No 958 (99.0) 168 (36.4)
Not remembered 78 (100) 18 (50.0)

Not determined 179 (100) 37 (50.7)
Frequency of closed community attendance
Yes 583 (98.3) 118 (41.7)
No 630 (99.5) 121 (37.1)

Not determined 75 (100) 1 (16.7)

PT, Pertussis toxin ; SI, stimulation index.
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with that of tetanus immunization which, on the

contrary, was reported by 59.8% of subjects.

With respect to the assessment of humoral im-

munity, specific IgG anti-PT antibodies were recorded

in 99.1% of the examined samples. In 1988–1989,

during a period of low vaccination coverage, the sero-

prevalence of IgG anti-PT in unvaccinated 19-year-

old subjects was >80% [34], while in 1994–1995 a

prevalence of 71.6% was recorded in students aged

17–25 years [21]. A more recent national study in

1996–1997 found a 77.6% prevalence of positive

subjects to IgG anti-PT [30]. Thus, data collected in

this study, even if higher, are in line with former studies

and confirm the existence of immune priming in each

studied age group. Nevertheless, it is important to

remember that there is a non-uniform agreement

about the existence of a serological marker of pro-

tection against B. pertussis [8] and this also represents

a limit for seroepidemiological studies in evaluating

the rate of susceptibility in the population. Some au-

thors have assumed that high anti-PT antibody titres

are indicative of a recent or ongoing infection [10, 35].

This hypothesis was supported by the group that

undertook the European seroepidemiological study

on vaccine-preventable diseases (ESEN) [25]. In this

study 6.3% of samples had IgG anti-PT titres o100

EU/ml and 13.0% had a titre between 50 EU/ml

and 99 EU/ml; the overall average GMT approached

20 EU/ml. High antibody titres were recorded in 4%

of subjects in the 1994–1995 study and in 4.7% of

subjects in the 1996 research; the highest percentage

of samples with high titres was recorded in subjects

aged 7–11 months and 1 year, which relates to the

high rates of vaccination in newborns. In the age

groups up to 19 years, the percentage of samples with

high titres remained stable at 5–7.9%, reflecting

natural boosting and limited vaccination of the 5–9

years age group. The data from this study seem to

confirm the circulation of B. pertussis in age groups

not generally considered to be involved in the circu-

lation of this pathogen, because of vaccination or

natural immunity, and support previous reports in

Italy and in other countries [36, 37].

The mechanism of the immune response to B. per-

tussis involves not only humoral, but also cellular-

mediated pathways [23, 38–40]. According to some

authors, the cell-mediated response persists longer

than the humoral response and thus CMI can rep-

resent an important marker to assess priming against

B. pertussis [16, 35]. In our study, a total of 39% of

samples were CMI positive against PT (SI o5). In

general, the highest values of CMI-positive samples

against PT were found in the 12–14 years and

15–24 years age groups (55.8% and 41.7%, respect-

ively). The level of positivity decreased progressively

in the subsequent age groups, and the differences were

significant when compared with the relative value of

subjects aged 12–14 years. In fact the CMI response

decreases with increasing age.

The research performed in Italy in 1994–1995

showed a particularly high rate of CMI-positive sub-

jects against PT (82%) in the 17–25 years age group

[21], practically double that recorded in the present

study in subjects aged 15–24 years (41.7%). The data

from the old study may reflect the persistent and high

circulation of the aetiological agent in a geographical

area with low vaccination coverage. The results of our

present research, taken with epidemiological surveil-

lance data and trends in incidence rates, seem to in-

dicate that during the last 10 years the great increase

in vaccination coverage rates has contributed to re-

duce the spread of the aetiological agent, especially

in the immunized population. It is known that whilst

vaccination protects against disease, it also reduces

the opportunity for natural recall of immunity.

Indeed, the attainment and maintenance of high

vaccination coverage rates increases susceptibility to

infection of adolescents and adults, in whom the per-

sistence of immune response to the disease has failed.

Our data support the persistent circulation of the

aetiological agent, albeit at decreased levels than in

the past, in adolescent subjects, young adults and

adults, in a country with a high childhood vaccination

coverage rate.

In conclusion, this study seems to confirm that the

epidemiology of pertussis in Italy is changing similarly

to what has already occurred in other countries where

high vaccination coverage rates have been achieved

and maintained for many years [25].

In these countries, as an immunological conse-

quence of vaccination, the number of back-

susceptible adolescents, young adults, and adults is

increasing due to the decay of immunity, no longer

sustained by natural boosting. For these reasons, the

use of booster vaccination in order to avoid the decay

of immunity against pertussis has been proposed or

adopted [15, 41]. Such active prophylactic inter-

vention can be facilitated by using acellular pertussis

vaccines, which can be used in subjects aged >7

years, and low antigen-content tetanus and diphtheria

combination vaccines, that are suitable for ado-

lescents and adults [42, 43].
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If we wish to avoid the increasing average age of

pertussis acquisition, it is essential to vaccinate ado-

lescents with a booster dose of a reduced antigenic

dosage vaccine, and possibly to also vaccinate specific

groups of adults at risk of exposure or transmission

(e.g. teachers, parents with young children, etc.) [44].

The possibility of using low dosage pertussis acellular

vaccine to concomitantly boost against tetanus or

diphtheria, as already recommended by many

countries, including Italy [45], will permit optimum

action against these three important infectious vac-

cine-preventable diseases.

APPENDIX. Collaborative Group for the Study

of Pertussis

Turin : S. Ditommaso, M. Gentile, G. Lanci. Genoa :

P. Durando, L. Sticchi, A. Renzoni, P. Fuliano,

G. Tripodi. Ferrara : A. Cavallaro. Florence : G.

Pesavento, T. Silei Secchini, B. Innocenti. Messina :

R. Squeri, V. La Fauci, S. Calimeri, D. Lo Giudice.

Lecce : A. De Donno, M. Quattrocchi, F. Sanapo,

G. C. Pasanisi. Palermo : S. Taormina, C. Bonura,

C. Calà. CEBR Genoa : A. Ferrera.
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