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ABSTRACT
Aim: Pertussis continues to be a common worldwide infection in pediatric and adult populations.

We aimed to study epidemiological and clinical characteristics of infants and children admitted for
pertussis to a tertiary-care hospital and to investigate the risk factors for pediatric intensive care unit
(PICU) admission.

Materials and Methods: With a retrospective study, we analyzed all medical reports of patients admitted
to Bambino Gesu Children’s Hospital in Rome from January 2011 to December 2018 with a diagnosis of
pertussis.

Results: We examined 195 patients. The majority of hospitalized children (66.15%) were <3 months of
age. No mother had received pertussis containing vaccine during pregnancy. Ten cases required admis-
sion in PICU. The age at admission was lower in PICU patients with respect to ward patients (42.8 vs
240 days; p < .0007), length of hospital stay was longer in PICU group (24.7 vs 7.52 days; p < .003). Patients
who needed PICU admission had greater white blood cell count at hospital admission compared with
those hospitalized in the pediatric ward. One infant died and one had encephalitis.

Conclusions: Pertussis is a remerging disease. In infants, it is associated with significant morbidity and
mortality. In recent years, many countries have implemented different vaccination strategies and public
health measures to prevent the increase in pertussis cases. Maternal vaccination has been shown to be
highly protective for infants <3 months of age before they can develop their own immunity via
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Introduction

Pertussis is an endemic, underdiagnosed, bacterial respiratory
infection caused by Bordetella pertussis (B.pertussis). Despite
a widespread vaccination program, pertussis continues to be
a common worldwide infection in pediatric and adult popula-
tions peaking every 2 to 5 years. In 2018, according to the
World Health Organization estimates, pertussis was still caus-
ing around 89,000 deaths. With 95% of the reported cases
occurring in developing countries, epidemics have also recently
been reported in Europe, USA, Canada, and Australia.' The
European Center for Disease Prevention and Control, in 2017,
reported the highest notification rate among infants
<12 months of age (53.9 cases per 100,000 population),
a group too young to have completed their primary vaccination
schedule, followed by the age group 10-14-years-old (25.0
cases per 100,000 population).®

It has been demonstrated that infants acquire pertussis from
adults and adolescents, who may be susceptible to pertussis
infection due to waning immunity. The switch from whole-cell
pertussis vaccines to acellular products has led to more rapidly
waning immunity.” In addition, unvaccinated children are also
a reservoir of infection.

Classical manifestations of pertussis include catarrhal,
paroxysmal and convalescent stage. However, in infants,
cases with atypical clinical presentations are frequent and
may be often unrecognized, especially during the winter
season, when other respiratory viruses circulate.* Serious
complications (neurological, respiratory, and nutritional),
even if relatively rare, can be fatal. Encephalitis is particularly
alarming since it is associated with death or permanent
sequelae. Pulmonary complications are the most frequent
(approximately 10% of the cases) and associated with most
of the deaths. These severe clinical pictures are more fre-
quent in children <1 year of life, too young to have already
received all the primary doses of vaccine or in those who
delay the immunization.

In Italy, the pertussis acellular vaccine is offered free of
charge in the first year of life (with doses at 3, 5, and 11 months)
and it is included in the hexavalent vaccine in combination
with diphtheria, tetanus, polio, hepatitis b and Haemophilus
influenzae type b. A booster dose, with a reduced antigen
content vaccine, is scheduled at 6 and 12 years of age in
association with diphtheria and tetanus (dTap) and every
10 years.
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In recent years, decreasing vaccination coverage rates dur-
ing childhood have been described in many countries.®”® In
Italy, in 2007-2008 pertussis vaccine coverage was 96.7%, while
in 2016 it reached 93.55%.'° Because of that, in July 2017, Italy
approved a new law to make 10 vaccinations mandatory,
including the vaccination against pertussis.'' Additionally,
a dTpa booster has been recommended in the third trimester
of pregnancy.''

We aimed to study the epidemiological and clinical char-
acteristics of infants and children admitted for B. pertussis to
a tertiary-care university hospital and to investigate the risk
factors for pediatric intensive care unit (PICU) admission.

Materials and methods

With a retrospective study, we analyzed all medical reports of
patients admitted to the Pediatric Academic Department of
Bambino Gesu Children’s Hospital in Rome from 1% of
January 2011 to the end of December 2018 with diagnosis of
pertussis.

All children 0 to 18 years of age hospitalized with labora-
tory-confirmed pertussis were eligible for the study. Laboratory
confirmation included isolation of B. pertussis in nasopharyn-
geal aspirates by detection of B. pertussis DNA by real-time
polymerase chain reaction (RT-PCR). The samples were
obtained within 24 hours of admission by trained nurses and
processed within 48-72 hours. Patients with diagnosis of per-
tussis based only on the clinical-epidemiological criteria, with-
out laboratory confirmation, were excluded.

For the extraction of DNA from the samples, the “QIAgen
EZ 1 Virus Mini Kit v 2.0” kit (QIAgen Italia) and the automatic
extractor “QIAgen EZ 1 Advanced XL” (QIAgen Italia) were
used. The too thick aspirates were pretreated with PBS and
homogenized by vortexing. The extraction procedure involved
treating 200 pl of the sample with the Internal Control provided
by the kit; at the end of the extraction reaction, an eluate of 90 ul
was obtained. For the Amplification Reaction a Bordetella
R-Gene Kit (BioMerieux — Argene, Marcy-I'Etoile, France),
was used which amplifies for the IS481 region. At the end of
the amplification, the reaction curves were analyzed and the
samples with a Cycle Treshold up to 40 cycles were considered
positive, the samples that showed an amplification beyond the
40™ cycle were considered negative.

For patients with acute respiratory symptoms or conditions
such as cough, rhinorrhea, bronchiolitis, dyspnea, we also
collected nasopharyngeal specimens tested for viruses generally
associated with respiratory infections (RV). For RV detection,
samples were processed immediately or after storage at —80°C
by Allplex™ Respiratory Panel Assays (Seegene, Korea).
Nucleic acids were extracted using the STARMag Universal
Cartridge kit (Seegene, Korea) on the automated Nimbus IV
platform, as recommended by the manufacturer. RT-PCR was
performed on CFX96 Thermalcycler (Bio Rad Laboratories,
Italy) with respiratory panel assay kit made up of 3 mixes
which allow the identification of 16 different viruses
(Influenza A and B virus, Respiratory syncytial virus A and B,
Adenovirus, Enterovirus, Parainfluenza virus 1, 2, 3 and 4,
Metapneumovirus, Bocavirus, Rhinovirus, Coronaviruses
NL63, Coronavirus 229E and Coronavirus OC43). An internal

control was included in each sample to check both extraction
efficiency and PCR inhibition. The results were analyzed auto-
matically using Seegene software (Seegene Viewer V2.0).

The medical records of subjects were retrospectively reviewed.
For each case, we collected demographic data, gestational age,
maternal vaccination during pregnancy, comorbidities, immuni-
zation status, clinical presentation, date of onset of symptoms,
admission diagnosis, length of illness, length of hospital stay
(LOS), oxygen saturation at the pulse oximeter, laboratory test
results, concurrent infections, complications, need for oxygen
supplementation with noninvasive and invasive methods and
therapy.

Data processing was performed with the Microsoft Excel
2018 software.

Statistical analysis

Descriptive statistics were calculated, including means and
standard deviations (SDs).

For categorical variables, either X2 or Fisher exact test was
used to test the statistical difference, as appropriate. Means
were compared using Student’s t-test. P-values of 0.05 were
considered statistically significant.

Formal consent is not required for this kind of retrospective
study: any personal data were protected accordingly to the
Helsinki Declaration and to Italian law (Legislative Decree of
June 30, 2003, n. 196. Code on the protection of personal data).

Results

From 1% of January 2011 to the end of December 2018, 195
patients (116 males, mean age 230.83 days) with a diagnosis of
B. pertussis confirmed by a positive RT-PCR, were admitted to
our hospital. The admission diagnosis of patients is shown in
Table 1. Pertussis was clinically suspected in only 68 patients
(34.87%). In addition, in children, less than 3 months of age,
the percentage of clinical suspicion was significantly lower
(p = .0006), since pertussis was misdiagnosed with
bronchiolitis.

Figures 1 and 2 report the number of hospitalizations
per year and per month, respectively. In our population
study, pertussis incidence was cyclical, with a peak of hospita-
lization in 2012-2013 and in 2016-2017. Analyzing the seaso-
nal trend of our patients, the maximum frequency was between
May and September with a winter peak in February.

Demographic, clinical, and laboratory data of study patients
are represented in Table 2. Of 195 children analyzed, 129 (66.15%)
were <3 months of age. Eighteen cases (9.23%) were born preterm
(<37 weeks). Moreover, 6 patients had comorbidities: 3 had

Table 1. Diagnosis at admission. Data are shown as a number of cases (%).

Patients  Patients < 90 days Patients > 90 days

(n = 195) (n=129) (n = 66) p
Suspected 68 (34.87) 36 (27.9) 32(48.48) 0.007

Pertussis

Bronchiolitis 46 (23.58) 40 (31) 6 (9.09) 0.0006
Apnea 36 (18.46) 28 (21.7) 8(12.12) ns
Cough 27 (13.84) 15 (11.6) 12 (18.18) ns
Fever 13 (6.6) 9 (6.97) 4 (6.06) ns
Pneumonia 5 (2.56) 1(0.77) 4 (6.06) ns
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Figure 1. Pertussis cases by year and season. Number of children hospitalized by year and season from 2011 to 2018.
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Figure 2. Pertussis cases by month. Average number of children hospitalized each month from 2011 to 2018. Error bars show standard deviation.

genetic syndrome, 1 esophageal atresia, 1 congenital cytomegalo-
virus infection, and 1 cerebral palsy. About vaccination status, 85
patients (43.58%) were too young to be vaccinated; 73 (37.43%)
did not respect the timeliness of vaccination; only 32 (16.41%) had
received an age-appropriate number of pertussis doses and 2
patients were unvaccinated as per their parent’s decision. For 3
patients, vaccination status was unknown (Table 3). None of the
patients’ mothers had received dTap vaccine within 2 years before
or during the current pregnancy.

The mean length of time from onset to hospitalization was
9.73 + 10.04 days. The average duration of stay in the hospital
was 8.4 + 6.7 days. When we compared LOS in different ages,
we found that infants <3 months of age had the highest length
of hospitalization (Figure 3).

Viral coinfection was detected in 90 children (46.15%): the
most frequently isolated agent was Rhinovirus (26.15%) followed

by Adenovirus (7.17%). We did not find any significant differences
in clinical disease severity between patients with B. pertussis as
monoinfection and patients with pertussis plus RV infection
(Table 4).

All patients were treated with macrolide antibiotics.
Pulmonary complications were the most common; 18
(9.23%) patients reported pneumonia and 39 (20%) had
respiratory distress and needed oxygen supplementation.
Ten cases required admission in Pediatric Intensive Care
Unit (PICU). The mean duration of hospitalization of
PICU’s group was 24.7 days; 4 of them were premature
while none had comorbidities. No patients admitted in
PICU received vaccination because they were too young
to be vaccinated. All patients admitted to PICU needed
respiratory support: 5 received invasive and noninvasive
ventilation, 5 only noninvasive ventilation. Two patients
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Table 2. Demographic, clinical, and laboratory data of study patients. Data
are shown as the number of cases (%) or mean (+ SD). Percentages may not equal
100, because of rounding.

Table 4. Demographic, clinical, and laboratory data of patients infected by
B. pertussis only and with viral coinfections (RV, respiratory virus). Data are
shown as the number of cases (%) or mean (+ SD).

Demographic characteristics and clinical data in 195 patients hospitalized with
pertussis

B. pertussis + RV

B. pertussis (n = 105) (n=90) p

Male gender 116 (59.48%)
Age, days 230.83 (+753)
< 28 days 24 (12.3%)
28 < age <90 days 105 (53.84%)
> 90 days 66 (33.84%)
Prematurity 18 (9.23%)
White blood cells count/mm? 18389.19 (+12126.15)
Lymphocyte count/mm? 10678.85 (+7057.29)
Viral Coinfection 90 (46.15%)
Length of symptoms before admission (days) 9.73 (£10.04)
Length of hospital stay (days) 8.40 (+6.73)
Complications
Need for pediatric intensive care 10 (5.12%)
Oxygen’s supplementation 39 (20%)
Pneumonia 18 (9.23%)
Encephalitis 1 (0.51%)
Death 1 (0.51%)

Table 3. Vaccination status of patients according to age. Data are shown as
the number of cases (%).

Patients
Ineligible (< 60 days) 85 (43.58%)
Inadequate n° of doses according to age 73 (37.43%)
Adequate n° of doses according to age 32 (16.41%)
Unvaccinated 2 (1.02%)
Missing 3 (1.53%)

underwent leukapheresis treatment. One of them, a 17-girl-
day-age patient presented white blood cell (WBC) count of
53.170/mm’> at admission, pneumonia, respiratory insuffi-
ciency, tachypnea, and tachycardia. She required treatment
with invasive mechanical ventilation, vasoactive, and ino-
tropic drugs and extracorporeal membrane oxygenation
(ECMO). After less than 48 hours, pulmonary hypertension

45
40 .
35
30

25

Length of stay

15

Age, days 228.36 (+ 849.12) 233.7 (+ 629.01) 0.96

Prematurity 8(7.62) 10 (11.11) 0.38

Length of symptoms 9,24 (+ 7.15) 10.30 (+ 12.62) 0.46
before admission,
days

Length of hospital stay, 8.23 (+ 6.69) 8.60 (+ 6.80) 0.70
days

White blood cells count/ 16940.00 (+ 9212.62) 20057.09 (+ 14669.48) 0.08
mm3

Lymphocyte count/mm3 10121.28 (+ 5696.02) 11320.70 (+ 8344.36) 0.25

Complications

Need for pediatric 5 (4.76) 5 (5.56) 0.80
intensive care

Oxygen’s 20 (19.05) 19 (21.11) 033
supplementation

Pneumonia 9 (8.57) 9 (10) 0.56

and cerebral edema occurred and she died. Encephalitis was
verified in one girl aged 6 months. RT-PCR for B. pertussis
was investigated on the cerebrospinal fluid and a low posi-
tivity was detected, confirmed by a second test. Moreover,
RT-PCR for B. pertussis on the nasopharyngeal swab was
positive.

Comparison between ward vs PICU group

In our series, the mean age at admission was significantly lower
in PICU patients with respect to ward patients (42.80 days in
PICU vs 240.98 days in ward; p < .0007) while prematurity was
slightly higher in PICU patients (40% vs 7.56%; p < .0038). LOS
was also longer in the PICU group (mean 24.70 days vs
7.52 days; p < .003). Patients who needed PICU admission had
greater WBC count (mean 38831.50/mm®) and absolute

10
; - =

M <28 days M 1-3 months [ 3-6 months

[ 6-9 months [ 9-12 months [ > 12 months

Figure 3. Length of hospital stay in different ages. The box shows the median, the lower and the upper quartiles, while the whiskers indicate the lowest and the

highest data point excluding any outliers. The circles indicate outliers.
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Table 5. Demographic, clinical, and laboratory data of ward vs PICU group. Data are shown as number of cases (%) or mean (+ SD).

Ward (n = 185) PICU (n = 10) p
Age, days 240.98 (+772,55) 42.80 (£32,07) 0.0007
Male gender 109 (58,91%) 7 (70%) 0.13
Prematurity 4 (7.56%) 4 (40%) 0.0038
Unvaccinated 154 (83,24%) 0 (100%) -
Length of hospital stay, days 7.52 (+4.82) 24. 70 (£13.77) 0.003
White blood cells count/mm3 17221.08 (£9956.45) 38831.50 (+24471.21) 0.02
Lymphocyte count/mm3 10202. 61 (+6567.82) 19013.5 (£10133.24) 0.02
Viral Coinfection 5 (46%) 5 (50%) 0.94
Acute respiratory failure 0 (16%) 9 (90%) <0.0001

lymphocyte count (mean 19013.5/mm?) at hospital admission
compared with those hospitalized in the pediatric ward (mean
17221.08/mm? and 10202.61/mm? p < .02). No differences were
identified between the two groups of children with regards to
gender, vaccination status, and viral coinfection (Table 5).

Discussion

In recent years, pertussis has been resurging worldwide and
is again an important public health issue. The disease is
increasing due to many factors, including greater awareness
of the disease, genetic changes in circulating B. pertussis
strains,” improved diagnostic ability through the use of
new molecular techniques, reduction of vaccination coverage,
and evidence that neither natural infection nor vaccination
gives life-long immunity.'>"> In particular, waning vaccine
immunity has made adolescents and adults a reservoir for
B. pertussis and the source of infection to the unvaccinated
newborns.

In this study, we showed that in the last 7 years, 195 children
have been admitted for pertussis in our hospital, most of them
less than 3 months of age. Infants <3 months of age are
vulnerable to pertussis infection as they are too young to be
vaccinated. Furthermore, in this age group, we also reported
the most serious incidence of complications, such as length of
stay and admission to PICU.

Pertussis most often presents clinically as whooping
cough but signs and symptoms at presentation can vary
from youngest infants to adolescents. Clinical suspicion has
a low sensitivity in children with less than 1 year of age: the
three stages (catarrhal, paroxysmal, and convalescent) are
not often recognizable; cough may be or may not be “par-
oxysmal,” apneic episodes can be the first sign and clinical
manifestations can overlap with those of bronchiolitis.'* In
our study, pertussis was clinically suspected only in 34.8% of
the patients at admission and the suspicion was even lower
in children under 3 months. This data is in accordance with
our previous work.* Several studies'>'® have shown the pre-
sence of B.pertussis and RV in suspected pertussis as well as
in patients who present with low respiratory symptoms with-
out the suspicion of pertussis. Clinically differentiating
B. pertussis patients from those with RV is still a challenge.
Some clinical (paroxysmal cough, wheezing) and laboratory
(leukocytosis) characteristics suggested the etiologies,'®'” but
they were not pathognomonic; it supports the need for RV

and B.pertussis research in this clinical circumstance.'®
Furthermore, the role of coinfections between B.pertussis
and RV remains debated. We did not find any significant
differences between patients with B.pertussis as monoinfec-
tion and patients with pertussis plus RV infection. This data
is in accordance with our previous work® and with a recent
study of Frassanito et al. which demonstrated no associations
between clinical severity and pertussis with or without
coinfections.'” Consequently, we decided to include patients
with viral coinfection.

It is well known that pertussis outbreaks worldwide every
3-5 years.”*** Official data indicated a peak of incidence in
2012 across Europe.”>** During this year, the notification rate
of pertussis case was more than twice as high as in the
previous year. A significant increase was reported also in
Italy,”>*° as confirmed by our data. Indeed, in our series the
highest incidence was seen in 2012-13 and 2016-2017. Our
seasonal distribution of cases also matched the distribution
already described by Gonfiantini et al. about the pertussis
seasonality in Italy peaked between March and August.”’”

Common complications of classic pertussis include pneu-
monia, otitis media, seizures, and encephalopathy. We report
a case of B. pertussis related encephalitis in a girl aged 6
months. To our knowledge, our case is the first report of
detection of B. pertussis by RT-PCR on cerebrospinal fluid in
infants with acute encephalopathy.

In our work, according to literature findings,
younger patients had an increased risk of complications
and infants <3 months of age had the highest length of
hospitalization. Young age, prematurity, and high WBC
count with lymphocytosis were significantly more repre-
sented in PICU patients. A recent review identified risk
factors for fatal cases:’' the most important is leukocytosis
with lymphocytosis. No particular value of leukocytosis
accurately predicts death or survival, but any rapid rise in
the total WBC count over the course of the disease should
represent a warning signal. Other factors relating to death
include: birth weight, gestational age, young age, early onset
of pneumonia, and increased pulse and respiratory rates. In
our series we had only one fatal case so we cannot deter-
mine specific risk factors but, according to what previously
reported, our patient presented most of the warning para-
meters (leukocytosis, young age, pneumonia, tachycardia,
and tachypnea). The cause of death in pertussis is irrever-
sible pulmonary hypertension associated with aggregates of

28-30
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WBC in pulmonary arterioles due to extreme
leukocytosis.>

Early identification of risk factors and prompt treatment
with antibiotic are important in preventing death.’!
Currently, no effective therapy exists for the treatment of
severe pertussis. Antibiotic therapy must be started as soon as
possible. Antimicrobial treatment, commenced early in the
catarrhal phase, may decrease the severity of symptoms and
duration of illness and will accelerate the clearance of the
organism from the nasopharynx. Unfortunately, diagnosis is
rarely done in this stage, and treatment is started later when it
does not impact the clinical course of the disease.'””>** For
this reason, the Centers for Disease Control and Prevention
encourage clinicians to start antibiotic treatment based on their
clinical judgment and even before laboratory results are
known.” Macrolide antibiotics (e.g., erythromycin, clarithro-
mycin, or azithromycin) have been effective and constitute the
mainstay of treatment for patients with pertussis as well as for
postexposure prophylaxis.’® All of our patients were treated
with macrolide antibiotics (azithromycin and clarithromycin).
Nobody received erythromycin because of its link with infan-
tile hypertrophic pyloric stenosis.”” >

In infants, severe cases associated with leukocytosis and pul-
monary hypertension, the exchange of blood transfusion is the
best treatment available. Exchange transfusion may be effective by
lowering the total WBC count and by removing pertussis toxin.
Recently Cherry® suggested new criteria for exchange blood
transfusion and monitoring for the procedure for infants
<120 days of age. In our series two patients underwent to leuka-
pheresis treatment.

The resurgence of pertussis as a public health concern,
changes in the epidemiology of the disease, and the increasing
attitude of parents in delaying or missing vaccination for their
children, highlight the urgent need for integrated approaches
to prevent this potentially deadly childhood disease. They
include the development of new therapies and vaccines, chan-
ging timing and number of doses in immunization schedules,
vaccinating all close contacts of young infants immediately
after delivery (cocooning), and favoring immunization of preg-
nant women.

Although there are many different schedules in use
throughout the world, the World Health Organization suggests
to start pertussis immunization at 6 weeks of age and to
complete the three-dose schedule within 6 months.*!
Improving the timeliness of the primary infant schedule allows
to complete the cycle quickly, after which protection against
pertussis is guaranteed.*” The solutions adopted by the various
countries for the implementation of the primary vaccination
cycle often depend on tradition and local decisions made for
immunization against other diseases. In any case, at least three
vaccine doses are to be administered during the first 12 months.
In Italy, the three doses are scheduled at 3, 5, and 11 months. In
our study population, 37.43% of the cases had not received an
age-appropriate number of pertussis doses. These data high-
light the importance to observe the timeliness of vaccination
for preventing pertussis disease. The appropriate timing of the
vaccination schedule is especially relevant in preterm who are

at an increased risk for vaccine-preventable infections and
associated complications.*>** The US Advisory Committee
on Immunization Practices (ACIP) recommends routine vac-
cination of these high-risk infants on the basis of evidence that
vaccines induce protective immunity and are safe and well-
tolerated in this population.*>*® Preterm infants who are medi-
cally stable should be vaccinated at the same chronological age
and according to the same schedule as term infants. Infants
born preterm could have a higher risk of pertussis than full-
term infants because of incomplete transfer of maternal anti-
bodies and an immature immune system.”” Furthermore,
increased risk of pertussis hospitalization and pertussis-
related mortality have been observed in preterm infants.*® In
our study population, 18% were preterm, and 40% of them
were admitted in PICU.

Another important feature, for preventing severe pertussis
disease, is the immunization of adolescence and adults.
Reported increases in pertussis incidence in these age groups
have led many countries to introduce a routine adolescent
pertussis booster as well as every 10 years in adults using the
combined dTpa vaccine. One barrier to this strategy is to
achieve a high coverage rate.*’

Cocooning refers to the vaccination of mothers and
other contacts of newborns and infants. Cost-effective
cocooning is difficult to implement since a successful pro-
gram implies very high numbers of contacts to be vacci-
nated in order to reach a significant impact on severe infant
pertussis.”

Maternal immunization during the third trimester of
pregnancy is to be considered the best strategy for infant
protection from pertussis, especially in the first 3 months of
life.'>* Amirthalingam et al. demonstrated that pertussis
vaccination in pregnancy at least 7 days before delivery
could prevent up to 91% of pertussis disease in infants age
<3 months. The safety of the maternal pertussis immuniza-
tion program has also been supported by the findings of
a large observational study in the United Kingdom, which
did not identify an increased risk for a range of maternal,
fetal, and neonatal outcomes.”* In 2011, ACIP recommended
the combined Tdap vaccination in the third trimester of
pregnancy for women who had never received a Tdap vac-
cine prior to pregnancy.” This recommendation was mod-
ified in 2012 to include all women, regardless of prior receipt
of Tdap and with every pregnancy, following evidence of
waning vaccine immunity after vaccination in the first tri-
mester of pregnancy or in a previous pregnancy.’® Since that,
antenatal vaccination has been recommended in a variety of
countries worldwide.”” ™ 1In Italy maternal vaccination
against pertussis was introduced in our Immunization Plan
in 2017 but to date, the coverage is still suboptimal. Even if
we do not have any official data, two Italian studies®®!
demonstrated a very low rate of pertussis vaccination
(<1.4%) in pregnancy and a poor attitude toward pertussis
immunization among pregnant women. In our study, no
mother had received dTap vaccine during the current preg-
nancy. Furthmore, we cannot provide any data to support
the role of maternal immunization in reducing pertussis in



infants. During the last two years, more information cam-
paign has been implemented in Italy in order to increase the
level of knowledge and the uptake in pregnant women and
we hope that the situation will improve in the coming years.
It was hypothesized that if the rate of immunization of
pregnant women will be close to 100%, pertussis deaths in
the first months of life will be relegated to the past.’’

A number of studies have assessed the cost effectiveness of
antenatal vaccination in different countries: it depends highly
on disease incidence. A recent US study found antenatal vacci-
nation to be cost-effective, in contrast to vaccinating a second
parent or vaccinating either parent post partum.®? Economic
analysis in New Zealand also found that the addition of per-
tussis vaccination to the New Zealand national antenatal
immunization program was a cost-effective or even a cost-
saving decision.””> Also, the World Health Organization con-
siders vaccination of pregnant women as more cost-effective
than “cocooning strategy”®*

This study has some limitations. Firstly, the retrospective
data collection from medical records could contain inaccura-
cies regarding clinical information, but objective parameters
were analyzed in order to reduce the possibility of bias.
Secondly, our study is limited by its small sample size, and
our results should be interpreted appropriately. As this is
a single-center study, generalizability of our data may be lim-
ited. It was conducted in a restricted hospital setting that would
not be representative of the whole country and also potentially
biased by the selection criteria requiring hospitalization.

Conclusions

Pertussis is a remerging disease; in young infants, it is
associated with significant morbidity and mortality. Early
diagnosis and treatment are important in order to start
immediately specific antibiotic treatment, and leukocyte
monitoring during hospital admission. This study high-
lights the burden of B. pertussis in a tertiary level hospi-
tal, confirming a high incidence of complications,
especially in the age group that is too young to receive
the vaccination.

In recent years, many countries have implemented different
vaccination strategies and public health measures to prevent
the increase in pertussis cases.

Maternal Tdap vaccination has shown to be highly protective,
safety, and effective to reduce the morbidity and mortality in
neonates and young infants before they receive their primary
immunization against pertussis.

List of abbreviations

dTap vaccine  diphterite-Tetanus -acellular pertussis vaccine

PICU Paediatric Intensive Care Unit

RT-PCR Real Time -PCR

RV Respiratory viruses

LOS length of hospital stay

ECMO Extra corporeal membrane oxygenation
WBC white blood cell
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