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Incidence data on pertussis cases in ltaly do not show pertussis resurgence as recently
described in other European countries. The aim of this study was to determine the
seroprevalence of IgG antibodies to pertussis toxin (PT-IgG) in selected adult age groups, who
can serve as a reservoir of Bordetella pertussis and be responsible for onward transmission to
vulnerable infants. The seroprevalence of PT-IgG was studied in sera collected in 2012-2013 in
three age groups: 20-29 years and 30-39 years (reproductive age), and >60 years. These data
were compared to those from sera collected in similar age groups in 1996-1997. More than

80 % of the adult population analysed in the 2012-2013 group presented detectable levels of
PT-IgG (>5 IU mI™"). PT-IgG titres of 50-99 IU ml~", considered indicative of infection in the
last few years, and PT-IgG titres of >100 U ml~", considered indicative of recent infection (i.e.
within the last year), reached 9.1 % [95 % confidence interval (Cl) 6.9-11.3 %; 58/639] and 5 %
(95 % CI 3.3-6.7 %; 32/639) seroprevalence, respectively. Notably, the proportion of subjects
with a seroprevalence indicative of recent infection increased significantly from 9.3 % (95 % CI 7.
5-11.19%; 96/1037) in 1996-1997 to 14.1 % (95 % CI 11.4-16.8%; 90/639) in 2012-2013.

Overall, our data clearly indicate a significant increase in the circulation of B. pertussis in adults
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in ltaly; therefore, it is likely that the statutory notification system underestimates the real
incidence of the disease. These findings have implications for preventive strategies.
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INTRODUCTION

Pertussis is an infectious disease caused by Bordetella
pertussis. Close contact enhances the spread of infection and
the disease affects all age groups (Mattoo & Cherry, 2005;
Melvin et al., 2014). The course of the disease can be particu-
larly severe during the first and second years of life, when
incidence, as well as hospitalizations and deaths, are particu-
larly high (case fatality rate 0.2 and 4 % in developed and
developing countries, respectively) (WHO, 2010).

During recent decades, the incidence of reported cases has
increased, especially in adolescents and adults, even in high-
vaccine-coverage countries (EUVAC.NET, 2009; Zepp
etal., 2011). In immunized children, adolescents and adults,
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the disease may have a mild course (Yaari et al., 1999) and
may not present typical symptoms of pertussis (Tozzi et al.,
2003; Gonfiantini et al., 2014). For this reason, the disease
may not be recognized by clinicians and, therefore, these
cases can represent a potential source of infection for
infants during their first year of life, when they are not yet
completely immunized (de Greeff et al., 2010; Wiley et al.,
2013). It has been shown that primarily mothers and fathers
are the main source of infection for infants, but also grand-
parents may be responsible for the transmission of infection
to newborns (Wendelboe et al., 2007). In a recent review,
Wiley et al. (2013) reported that in households the main
source of infection in newborn cases is the mother [39 %;
95% confidence interval (CI) 33-45% |, followed by the
father (16 %; 95% CI 12-21% ) and grandparents (5 %;
95% CI 2-10% ).

In Italy, after the introduction of the whole-cell pertussis
(wP) vaccine in 1961, pertussis incidence started to
decrease, even when vaccine coverage was low (10-16 %
wP vaccine coverage). After 1995, when the acellular pertus-
sis (aP) vaccines were introduced, a sharp decrease in per-
tussis incidence was observed with <5 cases per 100000
population after 2000 (Gonfiantini et al., 2014).

Pertussis is a mandatory notifiable disease and, based on
routine notification data, Italy is a low-incidence country
with outbreaks rarely reported after the achievement of high
immunization coverage (Italian Ministry of Health,
1991, 2014). It is an accepted fact that the number of pertus-
sis cases reported to the statutory notification system is
greatly underestimated (Ciofi degli Atti et al.,, 2002; Rota
et al., 2005; Gonfiantini et al., 2014). Therefore, the real epi-
demiological impact of pertussis is not being perceived. To
get a better estimate of the circulation of B. pertussis in the
population, sero-epidemiological studies have proven to be a
valuable instrument next to the clinical surveillance pro-
grammes based on reporting systems, and can provide a bet-
ter approximation for the real burden of disease amongst
populations (Barkoff et al., 2015).

The aim of this study was to determine the seroprevalence
of IgG antibodies to pertussis toxin (PT-IgG) in selected
adult age groups, which could represent a reservoir of B.
pertussis and be responsible for sustained transmission to

vulnerable infants. The seroprevalence of PT-IgG was mea-
sured in sera collected in the age classes 2029 years and 30—
39 years (representative of the reproductive age), and >60
years (possibly involved in the care of infants). A special
emphasis was focused on the proportion of sera with con-
centrations indicative of recent infection (Hallander et al.,
2009a, b).

A further point addressed was the comparison of PT-IgG
seroprevalence in sera collected in 2012-2013 to sera col-
lected in 1996-1997 in a similar adult population. This
comparison was conducted in order to investigate any
increase in circulation of B. pertussis in the country. To
date, no evidence of pertussis resurgence has been reported
by the Italian statutory notification system, in contrast with
large outbreaks of pertussis observed in other European
countries, the USA and Australia (Chiappini et al., 2013;
WHO SAGE Pertussis Working Group, 2014; Fedele et al.,
2015).

METHODS

Sera collection. The study is based on anonymous residual samples
collected from clinical laboratories within a larger seroprevalence study
performed in the framework contract ‘Coordination of activities for lab-
oratory surveillance of whooping cough in member states/EEA coun-
tries’ on behalf of the EUpert-Labnet consortium (ECDC/2011/013)
comparing sera from 14 European member states. The age groups 20—
29 years and 30-39 years are representative of reproductive age, and the
>60 years age group are possibly involved in care of infants. We esti-
mated that the sample size needed in each age group, assuming a preva-
lence of 20 % with a 95 % CI and a precision of 5 %, was 250.

Opverall, 639 sera, residual from specimens taken for diagnostic purposes
or routine ascertainment, were collected, of which 239, 248 and 152 sera
were in the age groups 20-29, 30-39 and >60 years, respectively. Sera
were obtained from clinical laboratories in five Italian regions:
Lombardy (North Italy), Tuscany and Latium (Central Italy), and Apulia
and Sicily (South Italy). Participating regions corresponded to 48 % of
the national population in 2013.

Table 1 shows the absolute number of sera collected from April 2012 to
March 2013 per age group and Italian region. Sera collected in 2012—
2013 were compared to similar sera collected in 1996-1997 as described
by Edmunds et al. (2000). In the 1996-1997 study, a total of 1037 sera
were tested for PT-IgG, of which 447, 386 and 204 were in the age
groups 20-29, 30-39 and >60 years, respectively.

Table 1. Distribution of sera collected in five Italian regions by age group

Age group Region Total
ears

(years) Lombardy Tuscany Latium Apulia Sicily

20-29 51 46 48 47 47 239

30-39 49 50 49 50 50 248

>60 ND 50 ND 52 50 152

Total 100 146 97 149 147 639

ND, Not determined.
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Only age, geographic area and date of sampling were recorded for each
sample. Sera from individuals known to be affected by an immunosup-
pressive condition or by an acute respiratory infection, or to have under-
gone a blood transfusion within the last 6 months, were excluded.

Vaccination status. All individuals in the reproductive age groups,
included in both studies, were born before the introduction of aP vac-
cine in Italy, in 1995, and after the recommendation for immunization
with wP vaccine in 1961, with the only exception being individuals aged
30-39 years enrolled in the 19961997 study, who were all born prior to
the introduction of wP vaccine in Italy (Gonfiantini et al., 2014). With
regard to individuals aged >60 years in 2012-2013 and in the 1996
1997 studies, they were all born before the use of wP vaccine in Italy
(Gonfiantini et al., 2014).

Considering the lack of a pertussis immunization policy for adults in
Italy, it is highly unlikely that recent vaccination occurred in the age clas-
ses considered in our study. Furthermore, it is also unlikely that these
subjects received the wP vaccine as their primary vaccination, consider-
ing that wP vaccine coverage was in general low, with reported figures
ranging between 10 and 16% during the years 1974 to 1981
(Gonfiantini et al., 2014). At the national level, until the early 1990s, wP
vaccination coverage remained low (>40 %; Italian Vaccine Coverage
Survey Working Group, 1994).

Laboratory methods. The level of PT-IgG, expressed in [U ml Y isa
marker of pertussis disease and/or infection. Among the antigens pres-
ent in the aP vaccine formulation, only PT is specific for B. pertussis
(Mattoo & Cherry, 2005; Melvin et al., 2014), and PT-IgG dosage is
well characterized and has international units. Considering these points,
only the PT-IgG response was assessed in the sera (Guiso et al., 2011).

PT-IgG levels were measured using an ELISA assay standardized within
the European Sero-Epidemiology Network (ESEN) (Giammanco et al.,
2003). The 20122013 sera were tested in the Istituto Superiore di
Sanita (ISS) Rome laboratory using the PT-IgG ELISA, standardized
with a Swedish laboratory(Public health agency laboratory, Solna,
Sweden). The Swedish method (Reizenstein et al., 1995) was a reference
method for a European seroprevalence study of pertussis burden evalua-
tion on behalf of the EUpert-Labnet consortium (ECDC/2011/013) and
is carefully monitored for imprecision and drift over time as described
elsewhere (Hallander et al., 2009a).

The 1996-1997 sera were tested in the Palermo laboratory, where the
ESEN PT-IgG ELISA method was standardized (Giammanco et al.,
2008). The Swedish laboratory participated in the ESEN standardization;
thus, the Swedish method is traceable and comparable to the Palermo
PT-IgG ELISA. In-house reference sera and international standards
[06/142, World Health Organization (WHO) International Standard
Pertussis Antiserum] were calibrated against the USA Food and Drug
Administration standard serum (lot 3-HRP3) (Xing et al., 2009). A total
of eight twofold dilutions per sample were used in the ELISA assay to
calculate the titre and results were expressed in ITU ml~' PT-IgG. To
ensure comparability between the ELISA assays performed at the ISS
Rome and the Swedish laboratory, sets of proficiency panel sera and
additional ‘monitoring’ sera were received by the ISS Rome laboratory
for testing. The panel sera were chosen to cover the limit of detection,
approximately 40 and >100 TU ml™". The limit of detection of the assay
was 1 IU ml™". The monitoring sera were chosen to cover the concen-
trations of approximately 8 IU ml™" and 40 IU ml ™",

No internationally accepted correlates of protection have been estab-
lished yet for pertussis (Plotkin, 2014). In the absence of well-established
serological levels of PT-IgG IU ml™"' for protection against pertussis
infection, the following thresholds were selected based on previous stud-
ies. In particular, the ELISA assay cut-off for pertussis antibodies was set
at 51U ml ™' and a serological detectable response was defined for values
of >5TU ml™! PT-1gG level (Edelman et al., 2007; Knuf et al., 2008).

PT-IgG levels >20 IU ml™" were considered as potentially protective as
in previous studies (Long et al., 1990; Versteegh et al., 2005; Tomovici
et al., 2012). In populations not recently vaccinated for pertussis (within
the last year), the cut-off value of >50 IU ml ™! was used to estimate
the proportion of subjects infected with B. pertussis within the last few
years and >100 IU PT-IgG ml ™" for infection within the last year
(Hallander et al., 2009a, b; Guiso et al., 2011; ECDC, 2012).

Data analysis. Data were recorded in a computerized database (Micro-
soft Excel, version 2010) and were analysed using STATA statistical soft-
ware version 9.2 (STATA), the GraphPad Prism version 4.00 for
Windows (Graphpad Software, www.graphpad.com) and IBM spss sta-
tistics version 21.

To compare differences of continuous variables between groups or
within groups, two-sided Mann—Whitney tests or Wilcoxon paired-sam-
ple tests were performed, respectively. The Fisher’s exact test was used
for categorical variables, assessed by the x? test. To study the association
between variables, a linear regression model was applied and the Spear-
man correlation coefficient was calculated. Cumulative reverse curves
were used to show the distribution of antibody titres (Reed et al., 1995).
Antibody titres in each study group were presented as geometric mean
titre (GMT), with 95 % CI. P<0.05 considered statistically significant.

Ethics statement. This study was conducted in accordance with the
Declaration of Helsinki. Ethical approval was obtained from the Ethical
Committee of the ISS, Rome, Italy (PRE293/12; CE12/359). Informed
written consent was obtained from individuals providing specimens at
the time of sampling.

RESULTS

Seroprevalence in 2012-2013

A total of 639 sera were collected within the five Italian
regions assessed in the study. Table 2 shows the distribution
of sera considering the five levels of PT-IgG titres and the
three age classes. On average, only 18 % of the population
tested demonstrated PT-IgG titres of <5 IU ml™!, and the
lowest percentage with such titres was in the >60 years age
group (6.6 %, P<0.0001 vs total).

The proportion of the population presenting PT-IgG levels
compatible with pertussis infection within the last few years
(PT-IgG levels in the range of 50-99 IU ml ') was 9.1 %
(95 % CI 6.9-11.3 %; 58/639), and within the last year (PT-
IgG levels >100 IU ml™) was 5% (95% CI 3.3-6.7 %;
32/639). The highest percentage of subjects with PT-IgG
levels >100 was in the 20-29 years age group (7.1 %, 95%
CI 3.8-10.4 %; 17/239; P< 0.0001 vs total).

Fig. 1 shows data analysed by region and age group. When
the total population was considered, sera collected in Lom-
bardy presented a statistically significant higher percentage
of subjects with PT-IgG levels in the range 5-19 TU ml ™',
compared to Tuscany (P=0.0038), Latium (P=0.0098) and
Sicily (P=0.019). In sera collected in Sicily, a statistically sig-
nificant lower percentage of subjects had values of PT-IgG
<5 IU ml ™}, compared to Lombardy (P=0.008), Latium
(P<0.0001) and Apulia (P=0.018). Again in Sicily, the per-
centage of PT-IgG values in the range 20-49 IU ml~' was
found to be significantly higher than in Lombardy
(P<0.0001), Latium (P=0.0075) and Apulia (P=0.017). A
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Table 2. Distribution of sera collected in 2012-2013 by age group, showing results of PT-IgG titres

Fisher’s exact test results were as follows. PT-IgG <5 IU ml™": 20-29 vs >60 P<0.0001; 20—29 vs total P<0.0001; 30—39 vs >60 P< 0.0001; 30—39
vs total P<0.0001; >60 vs total P<0.0001. PT-IgG 5-19 ITU ml ™1 20-29 vs >60 P=0.021; 20—-29 vs total P<0.0001; 30-39 vs >60 P=0.0012; 30-39
vs total P<0.0001; >60 vs total P<0.0001. PT-IgG 20-49 TU ml™ 1 20-29 vs total P<0.0001; 3039 vs total P<0.0001; >60 vs total P<0.0001. PT-
IgG 50-99 IU ml™% 2029 vs total P<0.0001; 30-39 vs total P<0.0001; >60 vs total P<0.0001. PT-IgG >100 IU ml™% 20-29 vs

total P=0.040; 30-39 vs total P<0.0001; >60 vs total P<0.0001.

Age group Number/total number, seroprevalence (%) and [95 % CI] PT-IgG (IU ml™)
<5 5-19 20-49 50-99 >100
20-29 53/239 92/239 54/239 23/239 17/239
22.2 38.5 22.6 9.6 7.1
[16.9-27.5] [32.3-44.7] [17.3-27.9] [5.9-13.3] [3.8-10.4]
30-39 52/248 104/248 61/248 23/248 8/248
21.0 419 24.6 9.3
[15.9-26.1] [35.8-48.0] [19.2-30.0] [5.7-12.9]
>60 10/152 64/152 59/152 12/152 7/152
6.6 42.1 38.8 7.9 4.6
[2.7-10.5] [34.3-49.9] [31.1-46.5] [3.6-12.2] [1.3-7.9]
Total 115/639 260/639 174/639 58/639 32/639
18.0 40.7 27.2 9.1 5.0
[15.0-21.0] [36.2-43.8] [23.7-30.7] [6.9-11.3] [3.3-6.7]

smaller, non-statistically significant, percentage of subjects

100

Seroprevalence (%)
o
o
|

Latium Lombardy Apulia Sicily Tuscany

<5 IU ml™" PT-IgG level [120-49 IU mI™" PT-IgG level
E5-19 IU ml~! PT-IgG level C150-100 IU mI™' PT-IgG level
[3>100 IU mI"' PT-IgG level

Fig. 1. Seroprevalence data obtained in 2012-2013 in five ltalian
regions showing relative distributions of seroprevalence per PT-
IgG cut-off, per region. Statistically significant differences are indi-
cated. PT-IgG level <5 IU mI™": Latium/Apulia P=0.046, Latium/
Sicily P<0.0001, Latium/Tuscany P=0.027, Lombardy/Sicily
P=0.008, Apulia/Sicily P=0.01. PT-IgG level 5-19 IU ml™": Lat-
ium/Lombardy P=0.0098, Lombardy/Sicily P=0.019, Lombardy/
Tuscany P=0.0038. PT-IgG level 20-49 IU ml~': Latium/Sicily
P=0.0075, Lombardy/Apulia P=0.024, Lombardy/Sicily P<0.000,
Lombardy/Tuscany P=0.003; Apulia/Sicily P=0.017.

with  values compatible with a recent infection
(>100 IU ml™") was found in Sicily.

A significantly greater number of subjects with antibody
titres compatible with recent infection was found in sera
collected in Latium (50-100 IU ml™") and Tuscany
(>100 IU ml™"), with a statistical significance only in the >
60 years age group in Tuscany versus Apulia (50-99 IU ml ™/,
P=0.030).

Comparison of seroprevalence in Italy in a 16-
year interval: 1996-1997 versus 2012-2013

To evaluate whether pertussis seroprevalence changed in
Italy over 16 years, we compared serological data obtained
in 2012-2013 to data obtained in 1996-1997 in the same
age groups (Fig. 2a).

The proportion of individuals with <5 TU ml~" PT-IgG level
significantly decreased (28.1 % in 1996-1997 vs 18.0 % in
2012-2013; P<0.0001), whilst the proportion of seropositive
subjects increased. In particular, the percentage of individuals
with PT-IgG titres 20—49 IU ml ™' rose from 20.2 % in 1996—
1997 to 27.2 % in 20122013 (P=0.0012), and the proportion
of subjects with PT-IgG titres 50-99 IU ml~" and >100 IU
ml ™! increased from 6.2 to 9.1 % (P=0.03) and from 3.1 to
5.0 % (P=0.049) in 2012-2013, respectively.

Statistically significant differences were found when the
data were stratified by age group (Fig. 2b). In all age groups,
a significant reduction of subjects with PT-IgG titres
<5 IU ml™" was observed in 2012-2013 with respect to
1996-1997, from 29.8 to 22.2% (P=0.038), from 29.3 to
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Fig. 2. (a) Seroprevalence data measured in 1996-1997 versus
2012-2013 showing relative distribution of seroprevalence per
PT-lgG cut-off. Statistically significant differences between the
two sera collections are indicated. Fisher's exact test for PT-IgG
titres in 19961997 versus 2012-2013: <5 [U ml™", from 28.1 to
18.0, P<0.0001; 20-49 IU ml™", from 20.2 to 27.2, P=0.0012;
50-100 IU ml~", from 6.3 to 9.1, P=0.034; >100 IU ml™", from
3.0 to 5.0, P=0.047. (b) Comparison of the seroprevalence data
measured in 1996-1997 versus 2012-2013. Relative distribu-
tions of seroprevalence data per age class and PT-IgG cut-off.
Statistically significant differences between the two sera collec-
tions are indicated. Fisher's exact test 1996-1997 versus 2012—
2013: age class 20-29 years, PT-IgG level <5 IU ml™" from 29.8
to 22.29%, P=0.038; age class 30-39 years, PT-IgG level <5 IU
ml~" from 29.3 to 21.0%, P=0.021; age class >60 years, PT-IgG
level <5 IU mI~" from 22.5 to 7.2-%, P<0.001; PT-IgG level 20—
49 |U mI~" from 18.6—38.8 %, P<0.001

21.0% (P=0.021) and from 22.5 to 7.2 % (P<0.001), in the
20-29, 30-39 and >60 year age groups, respectively.

A significant increase in the percentage of potentially pro-
tected subjects, with PT-IgG titres in the range 20—
49 TU ml ™", was observed in the age group >60 years in
2012-2013 compared to the 1996-1997 cohort (38.8 vs

18.6 %; P<0.0001) (Fig. 2b). An increase of the percentage
of individuals with PT-IgG titres 50-99 and >100 IU ml ™'
was found in all age classes in 2012-2013 versus 1996-1997
cohorts, but the numbers were too small to reach statistical
significance (Fig. 2a).

Fig. 3 shows the reverse cumulative curves drawn for the
entire population sampled and by age group in both studies.
GMTs of PT-IgG in the overall population and in the three
age groups considered were statistically higher in 2012-
2013 compared to 1996-1997. The GMT and statistical sig-
nificance values are shown in Fig. 3.

DISCUSSION

Our data on PT-IgG seroprevalence in adult age groups
clearly support the view that B. pertussis is circulating widely
in the Italian population. Overall, more than 80 9% of the
adult population analysed in the 2012-2013 study showed a
detectable serological response with values of PT-IgG
>5TU ml~'. The PT-IgG levels indicative of a recent infec-
tion were 9.1 % (95 % CI 6.9-11.3 %) in the whole popula-
tion, with the highest value (9.6 %, 95% CI 5.9-13.3 %)
found in the 20-29 years age group (P<0.0001 vs total).
Seroprevalence with a PT-IgG level >100 IU ml™" was 5%
(95 % CI 3.3-6.7 %) in 2012-2013, and the 20-29 years age
group appears to have had a greater exposure to pertussis,
with a seroprevalence of 7.1% (95% CI 3.8-10.4 %)
(P<0.0001 vs total) in accordance with studies from Den-
mark (Renn et al., 2014) and in Italy in 2004 (Gabutti et al.,
2008). In particular, Gabutti and colleagues performed a
sero-epidemiological study in six Italian regions. They
found that in the age groups 25—44 and >65 years the sero-
prevalence for a PT-IgG level >100 IU ml™" was 5.7 and
6.0%, respectively. The data reported recently on
the pertussis prevalence in adult patients with acute cough
(Teepe et al., 2015), which used sera collected from October
2007 to April 2010, were not in line with our data and those
of Gabutti ef al. (2008). The study by Teepe et al. (2015)
was carried out in 12 European countries, including Italy,
and found the overall prevalence of recent infections (cut-
off PT-IgG >125IU ml™") was 3 %, whilst in sera collected
in Italy (Lombardy region) the prevalence was equal to 0.
When our data were analysed in the same region and using
the same cut-off, we found a seroprevalence of 5 %. Several
differences in the study design may have contributed to this
discrepancy. In the study by Teepe et al. (2015) the size of
the Italian sample was extremely small, only 80 patients
having been analysed. Furthermore, the recruited popula-
tion was different, being adult patients with acute cough.

When our data were analysed by region, we found that in
Sicily a smaller percentage of subjects had titres of PT-
IgG <5 TU ml ™', suggestive of an increased circulation of
B. pertussis in Sicily compared to the other Italian regions. A
greater number of subjects with antibody titres compatible
with a recent infection was found in sera collected in Lat-
ium and Tuscany. In Italy, pertussis immunization of
infants has been recommended since the 1960s, but
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Fig. 3. Reverse cumulative distribution curves for log PT-IgG: in all age classes (a), the in 20—-30 years age class (b), in
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resent data obtained using the 2012-2013 and 1996—1997 sera series, respectively. The vertical lines mark the PT-IgG cut-
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vaccination policies were established at the regional level. In
some regions, pertussis vaccine was immediately provided
free of charge, while in others, parents were required to pay
for the vaccine (Binkin et al., 1992). This situation lasted for
many years and led to differences in vaccination coverage
across the country. In fact, at the national level, vaccination
coverage remained low (less than 40 %) until the early
1990s with wide variations between regions (15-71 %), the
regions of southern Italy being in the lower range of vacci-
nation coverage (Italian Vaccine Coverage Survey Working
Group, 1994). However, since 2002, after the inclusion of
pertussis immunization in the national vaccination calendar
in 1999, the aP vaccines have been offered free of charge to
children <1 year of age in all Italian regions, allowing

achievement of an immunization coverage of approximately
96 % after 2006 (Italian Ministry of Health, 2014).

Clear evidence that the data from the national routine sur-
veillance are not representative of the true Italian situation
comes from the comparison of seroprevalence data
obtained in 2012-2013 to the data obtained in 1996-1997.
In the 2012-2013 sera, an increased percentage of positive
PT-IgG subjects was found in general, and specifically was
compatible with recent and very recent pertussis infections.
Reverse cumulative distribution curves (Fig. 3) showed that
the overall range of values in the two studies was the same,
but within the range, the individual values in 2012-2013
were higher than those in 1996-1997, with higher median
and mean and lower variance (steeper mid-section). The
20-29 years age group appears to have been more exposed
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to pertussis, with a higher proportion of subjects with PT-
IgG levels compatible with recent infection (Figs 2b and 3).

Even though our data show interesting results, it should be
taken into account that the sample size of the two seroprev-
alence studies compared is different. The 2012-2013 sera
were collected from five Italian regions, while the 1996—
1997 sera were collected from 19 out of 21 regions. How-
ever, the age groups and the inclusion/exclusion criteria are
the same, and both samples are representative of the Italian
population (Edmunds et al., 2000). Moreover, despite a
reduced sample size in the age group >60 years, the study
allowed the detection of statistically significant differences
in the two PT-IgG seroprevalence surveys conducted.

Our 2012-2013 cohort was part of a larger seroprevalence
study performed in the framework contract ‘Coordination
of activities for laboratory surveillance of whooping cough
in member states/EEA countries’ on behalf of the EUpert-
Labnet consortium (ECDC/2011/013) comparing sera from
14 European member states (Huygen et al., 2014; L. Wehlin
and others, unpublished data). The outcome of the study
indicated that Italian samples, together with sera from Por-
tugal, showed the highest proportion of elevated PT-IgG
titres, indicating an infection within the last few years
(L. Wehlin and others, unpublished data). The experts
within the WHO SAGE pertussis working group (WHO
SAGE Pertussis Working Group, 2014), in order to identify
a true pertussis resurgence in 2012, analysed several coun-
tries in the world, but not Italy, and found, at the European
level, that the UK and Portugal were the only countries
demonstrating true resurgence.

Overall, our results suggest that pertussis is resurgent in Italy
also, even though the data from the routine surveillance sys-
tem do not, due to limitations of the system itself (e.g.
under-diagnosis, under-notification and delay of notifica-
tion). Pertussis incidence is underestimated as many cases in
adolescents, young adults and adults are not identified
because of their atypical clinical characteristics and the lack
of laboratory assessment (Tozzi et al., 2003; Gonfiantini
et al., 2014). Indeed, a study conducted in 2012 showed that
Italian physicians seldom suspect pertussis in old patients
with chronic cough and do not ask for laboratory confirma-
tion (Gonfiantini et al., 2013). Furthermore, in Italy, labora-
tory confirmation is not yet required for pertussis disease
notification, in contrast with European Union recommenda-
tions (He et al., 2012; Ausiello et al., 2014).

In the sera collected in 2012-2013, the younger age group
considered in the study was born in 1983-1992, before the
introduction of aP vaccines in Italy and its inclusion in the
national vaccination calendar in 1999. Thus, all sera were
collected from subjects who could have been vaccinated with
the wP vaccine. However, vaccination coverage was quite
low, until 1991, reaching around 40 % in children aged 12—
24 months (ICONA Working Group, 2009; Italian Ministry
of Health, 1991). Thus, a minority of our examined subjects
could have had a primary vaccination course. However, the
majority of the PT-IgG responses are likely to be due to

natural exposure and undiagnosed pertussis infection rather
than pertussis vaccination (Fedele et al., 2015).

Our data clearly demonstrate that B. pertussis continues to cir-
culate in the Italian adult population. This finding has several
implications for future preventive strategies, including the
need to raise clinicians’ awareness on pertussis and its possible
different manifestations, the importance of a primary vaccina-
tion course, including a booster in adolescence, and the
need to recommend a booster vaccination in adults. To better
estimate the pertussis burden in Italy, clinical diagnosis is not
sufficient, particularly in vaccinated and adult subjects with
atypical manifestations. The laboratory confirmation of per-
tussis, strongly recommended by the European Centre for Dis-
ease Prevention and Control, should be implemented.

ACKNOWLEDGEMENTS

The authors sincerely thank all the laboratories and personnel who
have helped with the collection of samples for this study. We also
wish to thank Paola Mastrantonio, Giovanni Rezza and Lena Wehlin
for their helpful comments. The study was partially funded as part of
the framework contract ‘Coordination of activities for laboratory sur-
veillance of whooping cough in member states/EEA countries’ on
behalf of the EUpert-Labnet consortium (ECDC/2011/013) and by
the Italian Ministry of Health (CCM 1M51 and RF-2010-2317709-
V59) to C. M. A. The funders had no role in study design, data col-
lection and analysis, decision to publish or in preparation of the
manuscript.

REFERENCES

Ausiello, C., Stefanelli, M., Carollo, M., Fazio, C., Marella, A. M.,
lannazzo, S. & Pompa, M. (2014). Pertosse in Italia: ricognizione dei
laboratori di diagnosi del Servizio Sanitario Nazionale e valutazione
delle tecniche utilizzate. Rapporti ISTISAN 2014, 14/3 (http://www.
iss.it/binary/publ/cont/14_3_web.pdf).

Barkoff, A. M., Grondahl-Yli-Hannuksela, K. & He, Q. (2015). Sero-
prevalence studies of pertussis: what have we learned from different
immunized populations. Pathog Dis 73, ftv050.

Binkin, N. J,, Salmaso, S, Tozzi, A. E, Scuderi, G., Greco, D. &
Greco, D. (1992). Epidemiology of pertussis in a developed country
with low vaccination coverage: the Italian experience. Pediatr Infect
Dis ] 11, 653-661.

Chiappini, E., Stival, A., Galli, L. & de Martino, M. (2013). Pertussis re-
emergence in the post-vaccination era. BMC Infect Dis 13, 151.

Ciofi degli Atti, M. L., Salmaso, S., Bella, A., Arigliani, R., Gangemi, M.,
Chiamenti, G., Brusoni, G., Tozzi, A. E. & the Pediatric Sentinel
Surveillance Study Group (2002). Pediatric sentinel surveillance of
vaccine-preventable diseases in Italy. Pediatr Infect Dis ] 21, 763-768.

de Greeff, S. C, de Melker, H. E, van Gageldonk, P. G,
Schellekens, J. F, vander Klis, F. R, Mollema, L., Mooi, F. R. &
Berbers, G. A. (2010). Seroprevalence of pertussis in The Netherlands:
evidence for increased circulation of Bordetella pertussis. PLoS One 5,
el4183.

ECDC (2012). Guidance and Protocol for the Serological Diagnosis of
Human Infection with Bordetella Pertussis. Stockholm: European Centre
for Disease Prevention and Control (https://www.thl.fi/documents/
533963/1449651/Pertussis+toksiini+IgG-ELISA.pdf/9e963{9b-4322-
4bdf-a32c-0£358c0d96d6).

http://jmm.microbiologyresearch.org

655


http://www.iss.it/binary/publ/cont/14_3_web.pdf
http://www.iss.it/binary/publ/cont/14_3_web.pdf
https://www.thl.fi/documents/533963/1449651/Pertussis+toksiini+IgG-ELISA.pdf/9e963f9b-4322-4bdf-a32c-0f358c0d96d6
https://www.thl.fi/documents/533963/1449651/Pertussis+toksiini+IgG-ELISA.pdf/9e963f9b-4322-4bdf-a32c-0f358c0d96d6
https://www.thl.fi/documents/533963/1449651/Pertussis+toksiini+IgG-ELISA.pdf/9e963f9b-4322-4bdf-a32c-0f358c0d96d6

R. Palazzo and others

Edelman, K., He, Q., Makinen, J., Sahlberg, A., Haanpera, M.,
Schuerman, L., Wolter, J. & Mertsola, J. (2007). Immunity to pertussis
5 years after booster immunization during adolescence. Clin Infect
Dis 44, 1271-1277.

Edmunds, W. J,, Pebody, R. G., Aggerback, H., Baron, S., Berbers, G.,
Conyn-van Spaendonck, M. A, Hallander, H. O. Olander, R,
Maple, P. A. & other authors (2000). The sero-epidemiology of diph-
theria in Western Europe. Epidemiol Infect 125, 113-125.

EUVAC.NET (2009). Pertussis Surveillance Report 2003-2007. Stock-
holm: European Centre for Disease Prevention and Control (http://
ecdc.europa.eu/en/publications/Publications/pertussis_report_2003_
2007_euvacnet.pdf ).

Fedele, G., Cassone, A. & Ausiello, C. M. (2015). T-cell immune
responses to Bordetella pertussis infection and vaccination. Pathog Dis
73, ftvO51.

Gabutti, G., Bergamini, M., Bonanni, P., Guido, M., Fenoglio, D.,
Giammanco, A. Sindoni, L., Zotti, C., Boddi, V. & other authors
(2008). Assessment of humoral and cell-mediated immunity against
Bordetella pertussis in adolescent, adult, and senior subjects in Italy.
Epidemiol Infect 136, 1576—1584.

Giammanco, A., Chiarini, A., Maple, P. A., Andrews, N., Pebody, R.,
Gay, N., Olander, R. M., Fivet-Groyne, F., Baron, S. & other authors
(2003). European Sero-Epidemiology Network: standardisation of the
assay results for pertussis. Vaccine 22, 112-120.

Giammanco, A.,, Nardone, A., Pebody, R., Kafatos, G., Andrews, N.,
Chiarini, A, Taormina, S., de Ory, F., Prosenc, K. & other authors
(2008). European Sero-Epidemiology Network 2: standardisation of
immunoassay results for pertussis requires homogeneity in the anti-
genic preparations. Vaccine 26, 4486—4493.

Gonfiantini, M. V., Villani, A., Gesualdo, F., Pandolfi, E., Agricola, E.,
Bozzola, E., Arigliani, R. & Tozzi, A. E. (2013). Attitude of Italian physi-
cians toward pertussis diagnosis. Hum Vaccin Immunother 9, 1485—
1488.

Gonfiantini, M. V., Carloni, E., Gesualdo, F., Pandolfi, E., Agricola, E.,
Rizzuto, E., lannazzo, S., Ciofi degli Atti, M. L., Villani, A. & Tozzi, A. E.
(2014). Epidemiology of pertussis in Italy: disease trends over the last
century. Euro Surveillance 19, 20921.

Guiso, N., Berbers, G., Fry, N. K, He, Q., Riffelmann, M., Wirsing von
Konig, C. H. & the EU Pertstrain group (2011). What to do and what
not to do in serological diagnosis of pertussis: recommendations
from EU reference laboratories. Eur ] Clin Microbiol Infect Dis 30,
307-312.

Hallander, H. O., Andersson, M., Gustafsson, L., Ljungman, M. &
Netterlid, E. (2009a). Seroprevalence of pertussis antitoxin (anti-PT)
in Sweden before and 10 years after the introduction of a universal
childhood pertussis vaccination program. APMIS 117, 912-922.

Hallander, H. O., Ljungman, M., Storsaeter, J. & Gustafsson, L.
(2009b). Kinetics and sensitivity of ELISA IgG pertussis antitoxin
after infection and vaccination with Bordetella pertussis in young chil-
dren. APMIS 117, 797-807.

He, Q., Barkoff, A. M., Mertsola, J., Glismann, S. & Bacci, S., on behalf
of the European Bordetella expert group (EUpertstrain) & the
European surveillance network for vaccine-preventable diseases
(EUVAC.NET) (2012). High heterogeneity in methods used for the
laboratory confirmation of pertussis diagnosis among European
countries, 2010: integration of epidemiological and laboratory surveil-
lance must include standardisation of methodologies and quality
assurance. Euro Surveill 17, 20239.

Huygen, K., Rodeghiero, C., Govaerts, D., Leroux-Roels, |., Melin, P.,
Reynders, M., Van Der Meeren, S., Van Den Wijngaert, S. & Pierard, D.
(2014). Bordetella pertussis seroprevalence in Belgian adults aged 20-
39 years, 2012. Epidemiol Infect 142, 724-728.

ICONA Working Group (2009). ICONA 2008: national vaccination
coverage survey among children and adolescents. Rapporti ISTISAN
2009, 09/29  (http://www.iss.it/binary/publ/cont/09_29_web.pdf) (in
Italian).

Italian Ministry of Health (1991). Ministerial Decree of 15 December
1990. Surveillance system on infectious diseases. Official Gazette 6, 8—18.

Italian Ministry of Health (2014). Epidemiological Bulletin. Rome: Min-
istero della Salute (http://www.salute.gov.it/portale/documentazione/
p6_2_8_3_1.jsp?lingua=italiano&id=20).

Italian Vaccine Coverage Survey Working Group (1994). Childhood
vaccination coverage in Italy: results of a seven-region survey. The
Italian Vaccine Coverage Survey Working Group. Bull World Health
Organ 72, 885-895.

Knuf, M., Schmitt, H. J., Wolter, J., Schuerman, L., Jacquet, J. M.,
Kieninger, D., Siegrist, C. A. & Zepp, F. (2008). Neonatal vaccination
with an acellular pertussis vaccine accelerates the acquisition of per-
tussis antibodies in infants. J Pediatr 152, 655-660.

Long, S. S, Welkon, C. J. & Clark, J. L. (1990). Widespread silent trans-
mission of pertussis in families: antibody correlates of infection and
symptomatology. J Infect Dis 161, 480-486.

Mattoo, S. & Cherry, J. D. (2005). Molecular pathogenesis, epidemiol-
ogy, and clinical manifestations of respiratory infections due to Bor-
detella pertussis and other Bordetella subspecies. Clin Microbiol Rev 18,
326-382.

Melvin, J. A, Scheller, E. V., Miller, J. F. & Cotter, P. A. (2014). Bordetella
pertussis pathogenesis: current and future challenges. Nat Rev
Microbiol 12, 274-288.

Plotkin, S. A. (2014). The pertussis problem. Clin Infect Dis 58, 830~
833.

Reed, G. F., Meade, B. D. & Steinhoff, M. C. (1995). The reverse cumu-
lative distribution plot: a graphic method for exploratory analysis of
antibody data. Pediatrics 96, 600—603.

Reizenstein, E., Hallander, H. -O., Blackwelder, W. C., Kihn, I,
Ljungman, M. & Méliby, R. (1995). Comparison of five calculation
modes for antibody ELISA procedures using pertussis serology as a
model. J Immunol Methods 183, 279-290.

Renn, P. F,, Dalby, T., Simonsen, J., Jergensen, C. S., Linneberg, A. &
Krogfelt, K. A. (2014). Seroepidemiology of pertussis in a cross-sec-
tional study of an adult general population in Denmark. Epidemiol
Infect 142, 729-737.

Rota, M. C., D’Ancona, F., Massari, M., Mandolini, D., Giammanco, A.,
Carbonari, P.,, Salmaso, S. & Ciofi degli Atti, M. L. (2005). How
increased pertussis vaccination coverage is changing the epidemiology
of pertussis in Italy. Vaccine 23, 5299-5305.

Teepe, J., Broekhuizen, B. D., leven, M. Loens, K., Huygen, K.,
Kretzschmar, M., de Melker, H., Butler, C. C,, Little, P. & other authors
(2015). Prevalence, diagnosis, and disease course of pertussis in adults
with acute cough: a prospective, observational study in primary care.
Br ] Gen Pract 65, e662—e667.

Tomovici, A., Barreto, L., Zickler, P., Meekison, W. Noya, F.,
Voloshen, T. & Lavigne, P. (2012). Humoral immunity 10 years after
booster immunization with an adolescent and adult formulation
combined tetanus, diphtheria, and 5-component acellular pertussis
vaccine. Vaccine 30, 2647-2653.

Tozzi, A. E., Rava, L., Ciofi degli Atti, M. L., Salmaso, S. & the Progetto
Pertosse Working Group (2003). Clinical presentation of pertussis in
unvaccinated and vaccinated children in the first six years of life.
Pediatrics 112, 1069—-1075.

Versteegh, F. G. A, Mertens, P. L. J. M., de Melker, H. E., Roord, J. J.,
Schellekens, J. F. P. & Teunis, P. F. M. (2005). Age-specific long-term
course of IgG antibodies to pertussis toxin after symptomatic infection
with Bordetella pertussis. Epidemiol Infect 133, 737-748.

656

Journal of Medical Microbiology 65


(http://ecdc.europa.eu/en/publications/Publications/pertussis_report_2003_2007_euvacnet.pdf%20)
(http://ecdc.europa.eu/en/publications/Publications/pertussis_report_2003_2007_euvacnet.pdf%20)
(http://ecdc.europa.eu/en/publications/Publications/pertussis_report_2003_2007_euvacnet.pdf%20)
http://www.iss.it/binary/publ/cont/09_29_web.pdf
http://www.salute.gov.it/portale/documentazione/p6_2_8_3_1.jsp?lingua=italiano&id=20
http://www.salute.gov.it/portale/documentazione/p6_2_8_3_1.jsp?lingua=italiano&id=20

Pertussis resurgence in Italy

Wendelboe, A. M., Hudgens, M. G., Poole, C. & Van Rie, A. (2007). Esti-
mating the role of casual contact from the community in transmission of
Bordetella pertussis to young infants. Emerg Themes Epidemiol 4, 15.

WHO (2010). Pertussis vaccines: WHO position paper. Wkly
Epidemiol Rec 85, 385-400.

WHO SAGE Pertussis Working Group(2014). Background Paper —
SAGE April 2014. http://www.who.int/immunization/sage/meetings/
2014/april/1_Pertussis_background_FINAL4 web.pdf (accessed 17
November 2015).

Wiley, K. E., Zuo, Y., Macartney, K. K. & Mclintyre, P. B. (2013). Sources
of pertussis infection in young infants: a review of key evidence
informing targeting of the cocoon strategy. Vaccine 31, 618—625.

Xing, D., Wirsing von Konig, C. H., Newland, P., Riffelmann, M.,
Meade, B. D., Corbel, M. & Gaines-Das, R. (2009). Characterization of
reference materials for human antiserum to pertussis antigens by an
international collaborative study. Clin Vaccine Immunol 16, 303-311.

Yaari, E., Yafe-Zimerman, Y. Schwartz, S. B. Slater, P. E,
Shvartzman, P., Andoren, N., Branski, D. & Kerem, E. (1999). Clinical
manifestations of Bordetella pertussis infection in immunized children
and young adults. Chest 115, 1254—1258.

Zepp, F., Heininger, U., Mertsola, J., Bernatowska, E., Guiso, N.,
Roord, J,, Tozzi, A. E. & Van Damme, P. (2011). Rationale for pertussis
booster vaccination throughout life in Europe. Lancet Infect Dis 11,
557-570.

http://jmm.microbiologyresearch.org

657


http://www.who.int/immunization/sage/meetings/2014/april/1_Pertussis_background_FINAL4_web.pdf
http://www.who.int/immunization/sage/meetings/2014/april/1_Pertussis_background_FINAL4_web.pdf

