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Pertussis in Italy: how to protect the “unprotectable”?
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ABSTRACT
Whooping cough continues to be an important public health issue despite high levels of vaccination 
coverage with acellular pertussis vaccine. Young unimmunized infants represent the most vulnerable 
group with the highest rates of complications and death. As infant-specific pertussis epidemiologic data, 
especially among neonates, in Italy were limited, a retrospective observational study of hospitalizations 
for whooping cough in Italian infants aged <12 months between 2007 and 2018 was conducted to 
address this knowledge gap. The temporal trend of rates, also stratified for age classes according to the 
expected age for the administration of vaccine doses, were analyzed by the slope of the regression line. 
The mean age at the time of admission was 92 d (±64). A clear seasonal pattern in the occurrence of 
pertussis hospitalizations with a summer peak was observed. Infants younger than 3 months old had the 
highest hospitalization rates (169 x 100000 infants on average), with a significant rising trend of 9 x 100000 
infants on average per year. Limiting the analysis to Bordetella pertussis-related hospitalizations such trend 
was even more evident. In the other age classes, hospitalization rates were considerably lower and 
gradually decreased with increasing age. This study demonstrated that pediatric populations, too 
young to be protected by vaccination, had a greater risk of contracting pertussis. Thus, it is necessary 
to promote additional immunization strategies besides one booster dose in adolescents, including 
vaccination during pregnancy.
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Introduction

Pertussis (whooping cough) is a highly contagious, respiratory 
disease caused by Bordetella pertussis (BP).1 It continues as 
a public health concern threat given its reemergence despite 
high vaccination coverage.2

The reasons for such resurgence are not fully elucidated but 
it may be attributed to various factors including increased 
awareness, improved diagnosis methods, genetic changes in 
circulating BP, and increased bacterial circulation among ado
lescents and adults related to the waning of vaccine-induced 
immunity.3,4 In particular, these epidemiological changes have 
made adolescents and adults a reservoir for BP and the source 
of infection to the unvaccinated newborns.3 In addition, while 
adolescents and adults tend to have a prolonged illness char
acterized by cough but without other major symptoms, young 
unimmunized infants represent the most vulnerable group 
with the highest rates of morbidity, hospitalization, complica
tions, intensive care unit (ICU) admission, and mortality.1,5 

History of prematurity and an age of less than 3 months 
emerged as risk factors for the development of fatal 
pertussis.5 An increased white blood cells (WBC) count at 
presentation represents a warning signal for fatal cases, 
although no particular value of leukocytosis accurately predicts 
death or survival.5

In the pre-vaccine era, epidemic cycles reoccur every 2 to 
5 y.6 This cyclic pattern continued to occur in the whole-cell 
pertussis vaccine (wP) era and is still occurring in the present 
acellular pertussis vaccine (aP) era.6 Thus, the circulation of BP 

has not been controlled by immunization, and young infants 
continue to be at risk for severe pertussis and pertussis deaths.6

In Italy, the Ministry of Health recommendations on per
tussis immunization provide for a two-dose primary series with 
aP at 3 and 5 months of age and a booster at 11 months; a pre- 
school booster dose between 5 and 6 y and a further booster 
between 11 and 18 y.7 Despite a high vaccination coverage, 
a retrospective study reviewing the Italian national hospital 
discharge form database showed that, in the period 
2002–2016, most hospitalizations (63.39%) involved subjects 
<1 y of age.8

As infant-specific pertussis epidemiologic data, especially 
among neonates, in Italy were limited, the present study was 
designed to address this knowledge gap.

Materials and methods

A retrospective observational study of hospitalizations for 
whooping cough in Italian infants aged <12 months was con
ducted. All records with primary or secondary diagnoses of 
pertussis between 2007 and 2018 were extracted from the 
Hospital Discharge Database of Ministry of Health, based on 
the following codes of the International Classification of 
Disease, Ninth Revision, Clinical Modification (ICD-9-CM): 
033.0 (whooping cough due to BP), 033.1 (whooping cough 
due to Bordetella parapertussis), 033.8 (whooping cough due to 
other specified organisms), 033.9 (whooping cough, unspeci
fied organism), and 484.3 (whooping cough, unspecified spe
cies with pneumonia).
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Descriptive statistics were calculated, including frequencies 
and percentages for categorical variables (sex, age classes, 
nationality, geographical location, seasonality, deaths, type of 
diagnosis, and ICD9-CM codes), and mean with standard 
deviations (SDs) for continuous variables (age and length of 
hospital stay).

Hospitalization rates, expressed per 100000 infants, were 
calculated using the National resident population aged 
<12 months provided by the Italian Institute of Statistics 
(ISTAT).9 The temporal trend of rates, also stratified for age 
classes (<3 months, 3–4 months, 5–10 months, and 
>10 months, according to the expected age for the administra
tion of vaccine doses), were analyzed by the slope of the 
regression line. Data for vaccination coverage with pertussis 
vaccines at age 24 months were obtained from the Ministry of 
Health database.7 A p-value of <0.05 was the criterion for 
statistical significance. Stata 15 (StataCorp, College Station, 
Texas, USA) was used for data analysis.

Data provided by the Ministry of the Health did not contain 
any patient identifiers and was therefore completely anon
ymous. Hence, notification of the study to Ethics Committees 
was not applicable, nor was informed consent of patients 
required.

Availability of data and materials

Hospital discharge records are available at the National 
Archive of HDRs data, Ministry of Health, General 
Directorate of Healthcare Planning, VI Office.

Results

Between 1 January 2007 and 31 December 2018, there were 
4262 whooping cough hospitalizations in Italian infants aged 
<12 months (Table 1), 77.9% (3322/4262) of which with per
tussis-related codes in principal diagnosis. Overall, the major
ity of cases (2604/4262, 61.1%) were infants aged <3 months. 
The mean age at the time of admission was 92 d (±64) and the 
mean length of hospital stay was 7 d (±7). Over the study 
period, there were 10 recorded deaths among pertussis- 
related admissions, all of them in infants aged <3 months. 
A clear seasonal pattern in the occurrence of pertussis hospi
talizations with a summer peak (38.1%, 1624/4262) was 
observed.

The overall hospitalization rate, per 100000 infants, was 
68.92 (95% CI: 58.73–79.12), with a peak in 2016 (100 
x 100000 infants), when 470 infant admissions were recorded. 
The analysis showed a clear and significant increasing trend of 
hospitalization rates (β coefficient = 3.18, p = .009) (Figure 1).

When stratified by age (Figure 2A), <3 months old chil
dren had the highest hospitalization rates, with an average 
value for the study period equal to 169 x 100000 infants. In 
the other age classes, hospitalization rates were considerably 
lower and gradually decreased with increasing age. 
A significant rising trend was recorded for hospitalization 
rates during the first 3 months of life (β coefficient = 9.12, 
p = .002), of 9 x 100000 infants on average per year. The other 
age classes showed a substantially stable and not significant 
trend during the study period. Limiting the analysis to BP- 

related hospitalizations (Figure 2B), such trends were even 
more evident, with an average annual increase of twice that 
recorded for all etiologies in <3 months old infants (β coeffi
cient = 18.11, p < .001). A slightly decreasing trend of vacci
nation coverage of 24 months old children with pertussis 
vaccines was found (dtp3: β coefficient = −0.23, p = .003; 
dt_dtp3: β coefficient = −0.27, p = .001), although with aver
age value >95% (95.3% for dtp3 and 95.4% for dt_dtp3). 
Considering the other possible etiologies, a significant 
decreasing trend emerged for whooping cough of unspecified 
organism in the first 3 months of life (β coefficient = −5.71, 
p = .018), with an average hospitalization rate equal to 
118 x 100000 infants compared to an average of 
112 x 100000 infants for BP, recalling that these two etiologies 
accounted for 91.2% of hospitalizations for whooping cough, 
as shown in Table 1.

Discussion

The present study demonstrated that pertussis represents 
a reemergent public health issue in Italy, especially for 
infants too young to be vaccinated, being the hospitaliza
tion rates for BP increased for infants aged <3 months. Our 
results are consistent with trends previously reported: inci
dence was highest among younger infants (2–3 months of 
age) and decreased steadily from the 4th through the 12th 
months of age.4

Table 1. Characteristics of infants (<12 months old) hospitalized for pertussis in 
2007–2018, in Italy.

N = 4262

Gender, n (%)
Male 2074 (48.7)
Female 2188 (51.3)

Age (days), mean ± SD 92.1 ± 63.6
Age classes, n (%)

<3 months 2604 (61.1)
3–4 months 723 (17.0)
5–10 months 841 (19.7)
>10 months 94 (2.2)

Nationality, n (%)
Italian 3891 (91.3)
Foreign 371 (8.7)

Geographical location, n (%)
North 1323 (31.0)
Center 935 (21.9)
South and islands 2004 (47.0)

Seasonality, n (%)
Winter 741 (17.4)
Spring 1211 (28.4)
Summer 1624 (38.1)
Autumn 686 (16.1)

Deaths, n (%)
No 4252 (99.8)
Yes 10 (0.2)

Diagnosis of pertussis, n (%)
Principal 3322 (77.9)
Secondary 940 (22.1)

ICD9CM codes, n (%)
033.0 Whooping cough due to Bordetella pertussis 1813 (42.5)
033.1 Whooping cough due to Bordetella parapertussis 131 (3.1)
033.8 Whooping cough due to other specified organism 103 (2.4)
033.9 Whooping cough, unspecified organism 2073 (48.6)
484.3 Whooping cough, unspecified species with pneumonia 142 (3.3)

Length of hospital stay (days), mean ± SD 7.5 ± 7.4
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A decrease in vaccine coverage rate in children was also 
noticed and this might be a contributing factor to pertussis 
resurgence, although it was estimated to be >95% in the study 
period.10,11

The highest incidence of pertussis hospitalizations was 
observed between spring and summer, in line with previous 
epidemiological analysis.11 During the winter season, when 
other respiratory viruses circulate and the minimum incidence 
of pertussis is usually observed, cases with atypical clinical 
presentations could occur and might be often unrecognized.12 

Clinical suspicion has, in fact, a low sensitivity in infants since 
clinical manifestations can overlap with several other respira
tory infections: there is therefore the need for systematic use of 
laboratory tests for the diagnosis of pertussis in this age group, 
also to avoid the risk for hospital outbreaks.3,12 Moreover, the 
molecular characterization of the circulating strains may con
tribute to identify variant strains possibly due to vaccine 
pressure.3

The percentage of cases bearing the code 033.9, related to 
pertussis due to unspecified pathogens, was 48.6% indicating 
that more efforts should be made to implement the etiological 
diagnosis in order to reduce the under-notification of the 
disease, whereas in Italy pertussis notification is made on 
a clinical diagnosis.8,11

Pertussis epidemiology is changing in Italy, with a lower 
incidence in children and an increased incidence in adolescents 
and adults: comparing period with a low (1971–1989), inter
mediate (1990–1996) and high (1998–2002) vaccination cover
age, the percent distribution of cases has appeared markedly 
changed, declining by half in the 0–4 y age group, while 
increasing by 1.5-fold in the 5–9 y age group and three-fold 
in the 10–14 y age group.13 Thus, adolescents and adults 
represent a significant source of infection for unvaccinated or 
incompletely immunized newborns/infants in whom the sever
ity of the disease can be serious.13

The current Italian immunization schedule suggests the first 
dose to be given at the age of 3 months.7 The first dose produces 
partial protection mainly against severe disease, but higher rates of 
immunity (80–90%) do not occur until after administration of the 
third dose.14 Hence, some infants remain unimmunized or incom
pletely immunized during their first months of life.15 Pediatric 
populations, too young to be protected by vaccination, not only 
have a greater risk of contracting the infection but also bear the 
greatest disease burden.14 In California, during the 2010 outbreak, 
the highest rates of disease and hospitalization occurred in infants 
<6 months old.16 In the UK, during the 2011–2012 outbreak the 
highest incidence occurred in infants <3 months old.17 In addition, 
during those outbreaks, the majority of deaths occurred in infants 
<3 months old. Thus, in line with our results, deaths occurred in 
infants who were age-ineligible to commence the routine child
hood immunization series at 3 months of age with pertussis 
vaccine. Therefore, when considering prevention strategies against 
pertussis, it is critical to include approaches that prevent pertussis 
transmission to young infants.

A major source of pertussis infection during the first year of 
life, when infants are not completely immunized, is household 
contact. Although the vaccination of persons in households 
with a young infant might substantially reduce the disease 
burden of pertussis by limiting its transmission (cocoon strat
egy), it was demonstrated that individuals vaccinated with 
components of aP were protected against the disease, but not 
against bacterial colonization:18 these individuals can become 
asymptomatically infected, and can then transmit infection to 
susceptible individuals.19–21 In addition, because vaccinated 
individuals develop maximal antibody titers within 2 weeks, 
if vaccination occurs solely during the postpartum period, 
there will be a short time (≤2 weeks post-vaccination) when 
the infant could be at risk for transmission.14 Parental 
“cocoon” strategy is not favorable in a context of low pertussis 
incidence and would be more expensive to implement and less 

Figure 1. Yearly frequency distribution and hospitalization rates for pertussis admissions in Italian infants aged <12 months, 2007–2018. Trend test. Number of 
hospitalizations: β = 8.71, p = .104; hospitalization rates: β = 3.18, p = .009.
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cost-effective than other strategies designed to protect infants 
from pertussis, as the maternal immunization.14–22

Vaccination of women with aP during pregnancy, stimulating 
the development of maternal anti-pertussis antibodies, which pass 
through the placenta, is expected to provide protection to infants 
from pertussis until they are old enough to be vaccinated 
themselves.12

Several studies revealed an effectiveness of over 90%: more 
than 9 out of 10 cases of pertussis in infants in the first months 
of life could be avoided with vaccination of pregnant women in 
the third trimester.23–26

Vaccination during pregnancy is now recommended by the 
national health organizations of several countries.25,27,28

Defining the optimal timing for maternal immunization is 
critical, as the half-life of anti-pertussis antibodies is short and 
seroprotection should be extended as long as possible.29 In 
Italy, anti-pertussis vaccination was recommended for each 
pregnancy, during the third trimester, ideally at the 28th 
week.30

In addition, as deaths occurred in the first 3 months after 
birth, a pertussis booster in pregnancy may certainly be the key 
to address strategies to prevent infant death.31

Figure 2. A) Pertussis hospitalization rates for all etiologies stratified by age classes. Trend test. <3 months: β = 9.12, p = .002; 3–4 months: β = 0.96, p = .419; 
5–10 months: β = 1.30, p = .053; >10 months: β = 0.52, p = .117. B) Bordetella pertussis-related hospitalization rates stratified by age classes. Trend test for B. pertussis 
hospitalization rates. <3 months: β = 18.11, p < .001; 3–4 months: β = 3.71, p = .002; 5–10 months: β = 1.54, p = .001; >10 months: β = 0.57, p = .011. dtp3 and dt_dtp3: 
diphtheria-tetanus-pertussis vaccines. Trend test for vaccination coverage (VC). VC(dtp3): β = −0.23, p=.003; VC(dt_dtp3): β=-0.27, p=.001.
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Recommendations of health-care providers have a crucial 
role in vaccine uptake, as they can educate pregnant women on 
the benefits of immunization for the young infant.14

Limitations. Of particular relevance for this study, 
a pertussis diagnosis was based on the presence of a pertussis 
diagnosis code in the hospital discharge records. Miscoding as 
well as under- and missed-diagnoses, especially among infants 
with milder or atypical illness, are possible. Both the failure to 
code and the failure to diagnose pertussis would result in 
underestimation of the true rate of disease in this 
population.3,4,32 Nevertheless, as this observational study was 
conducted on a national scale, it was able to give a good picture 
of pertussis burden in Italian infants.

In conclusion, pertussis-related hospitalizations and deaths 
among infants less than 12 months of age in Italy are higher 
than expected given the overall vaccination rate, especially 
among infants below 3 months of age, and it is still dramati
cally increasing. The present investigation underlines the need 
to implement urgently the public health efforts to maintain 
a high vaccination coverage and to promote additional immu
nization strategies besides one booster dose in adolescents, 
including vaccination during pregnancy.
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