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cross-sectional study
Paola Giordano a, Nicola Santorob, Pasquale Stefanizzia, Stefano Termitec, Sara De Nittoa, Francesco Paolo Bianchic, 
Paola Carmela Corallo a, Giuseppe Lassandroa, and Silvio Tafuria

aDepartment of Biomedical Science and Human Oncology, Aldo Moro University of Bari, Bari, Italy; bPaediatric Oncology Department, Bari Policlinico 
General Hospital, Bari, Italy; cPublic Health Department, Brindisi Health Trust, ASL Brindisi, Dipartimento di Prevenzione, Brindisi, Italy

ABSTRACT
Children with onco-hematological diseases are at increased risk of infection. However, this risk can in part 
be controlled or reduced using currently available vaccines. Despite available evidence, in patients 
diagnosed with a hematological or oncological disease the vaccination schedule is often inappropriately 
discontinued. In this study we evaluated whether the diagnosis of an oncological or hematological disease 
is a determinant of noncompliance with recommended vaccinations.

The study was carried out between March and April 2019. The population was composed of 
a convenience sample of 228 children cared for in the Pediatric Oncology Department and Pediatric 
Hematology Department of the Policlinico Giovanni XXIII Pediatric Hospital (Bari, Italy) from 2005 to 2015. 
Information on the immunization status of the patients was obtained from the Apulia regional immuniza-
tion database (GIAVA). A post-diagnosis adherence score was calculated.

The vaccination coverage was 87.7% for the DTaP-IPV-Hep B-Hib vaccine (3 doses), 68.7% for the 
pneumococcal vaccine (3 doses), 75.8% for the MMR vaccine (2 doses) and 75.1% for the varicella vaccine 
(2 doses). The average age at vaccination was older than that recommended by the National Vaccination 
Plan. A diagnosis of oncological disease and an older age at enrollment were risk factors for missing 
vaccinations. These results showed that the overall vaccination status of pediatric onco-hematological 
patients is suboptimal. Improving provider communication and establishing the hospital as the primary 
environment for vaccine administration may lead to better vaccination compliance in this group.
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Introduction

During the last several decades, the survival time and quality of 
life of children with onco-hematological diseases has progres-
sively increased, due to therapeutic advances.1 However, most 
of these patients are immunocompromised, either because of 
their disease or its treatment, and thus at greater risk of infec-
tious complications. In fact, one of the main effects of che-
motherapy is hematological toxicity, which causes a transient 
immunodeficiency that lasts 6 to 12 months after the end of 
treatment and affects previously acquired immunity as well.2 

A loss of immune protection has also been described after 
hematopoietic stem cell transplantation (HSCT).3 Depending 
on the involved components of the immune system, the clinical 
presentation of these patients can range from asymptomatic to 
the obvious consequences of severe and invasive infections.4

Certain hematological diseases, such as drepanocytosis, lead 
to functional asplenia or require splenectomy to control 
chronic hemolysis, as in hereditary spherocytosis. Following 
infection with encapsulated bacteria, patients with an anato-
mical or a functional absence of the spleen are at serious risk of 
fulminant sepsis, which is associated with a high mortality, 
especially in preschool children.5,6

Some inherited and acquired hematological diseases require 
sporadic or recurrent treatment with blood products, which may 
not be totally free of infective agents. In addition, plasma-derived 

products such as immunoglobulins, plasma and unwashed red 
blood cells can reduce the effectiveness of live attenuated vac-
cines, thus necessitating the adoption of a tailored vaccination 
schedule and additional doses.7 Moreover, live attenuated vac-
cines are sometimes involved in the pathogenesis of immune 
thrombocytopenia.8,9

This increased risk of infection in children with onco- 
hematological diseases could be eliminated or at least 
reduced using currently available vaccines.10 Recently, the 
Italian Primary Immunodeficiencies Network reviewed the 
evidence regarding vaccination in immunodeficient patients 
and published a set of recommendations for the vaccination 
of this population.5 In general, inactivated vaccines are safe 
and well tolerated whereas live attenuated vaccines should 
not be given to patients with a positive family history of 
primary immunodeficiencies until a definitive diagnosis is 
available.11 In pediatric patients with T-cell immunity disor-
ders, the administration of live attenuated vaccines requires 
a CD4 level > 1500/mm3 in children <1 year old, 1000/mm3 

in children 1–6 years of age and 500/mm3 in those older than 
6 years.12 In children with complement deficits, inactivated 
or purified-antigen-containing vaccines (such as pneumococ-
cal, Haemophilus influenzae and meningococcal vaccines) are 
strongly recommended, with additional doses, to counter the 
increased risk of bacterial infection.13
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During chemotherapy, there is no contraindication for inac-
tivated vaccines or vaccines containing purified antigens 
(despite the potential sub-optimal response). Immunization 
should be carried out only during the low-intensity phase of 
chemotherapy, when the lymphocyte count is ≥1000/mm3, 
which allows an adequate response and reduces the risk of 
adverse effects. Live attenuated vaccines, however, are contra-
indicated during chemotherapy due to the risk of re-activation 
of the attenuated virus in the immunodeficient host.14 At the 
end of chemotherapy, a period of 6–12 months is sufficient for 
immunological recovery. Revaccination or the administration 
of a booster dose after 6 months for inactivated vaccines and 
after 6–12 months for attenuated vaccines is sufficient to elicit 
a protective titer in almost all patients, without significant side 
effects.14 The administration of inactivated influenza vaccine is 
strongly recommended 3 months after the end of chemother-
apy because patients are at high risk of complications if they 
contract influenza.15 Given the high frequency of a loss of 
immunity after chemotherapy and the high rate of seroconver-
sion with a booster dose or revaccination, it is not necessary to 
measure the antibody titer before and after revaccination. 
Patients who have stopped the vaccination schedule to start 
chemotherapy should continue the schedule starting from the 
last dose administered.2

After HSCT, an intervening period of 6 months from the 
interruption of any immunosuppressive therapy is recom-
mended before the administration of inactivated vaccines, 
while vaccines containing attenuated microorganisms should 
not be given before 24 months post-HSCT or in patients with 
graft versus host disease or during immunosuppressive 
therapy.16

Patients receiving prolonged steroid therapy (prednisone or 
an equivalent, at a dose of 2 mg/kg/day or a cumulative dose of 
20 mg/day) should not receive live attenuated vaccines within 
2 weeks in case of a therapy schedule < 14 days, or before 
4 weeks in case of longer therapy. Otherwise, there are no 
restrictions on these vaccines.17 In case of immunosuppressive 
and biological therapies, live attenuated vaccines are contra-
indicated during treatment and from 3 to 6 months after its 
suspension, depending on the drug in question.13,17

According to the Italian vaccination schedule (Figure 1), in 
the first year of life, three doses of DTaP-IPV-Hep B-Hib and 
pneumococcal conjugate vaccines are administered (at 3, 5 and 
11–13 months). In the second year of life, between the 13th and 
15th month, the first doses of MMR and varicella vaccine are 
administered using a tetravalent (MMRV) or trivalent MMR 
vaccine and a monovalent varicella vaccine; at 15 months, the 
MenC/ACYW vaccine is also recommended. A booster dose 
for DTaP and IPV and a second dose of MMR+varicella or 
MMRV vaccine are recommended in children 5–6 years of age. 
Finally, since 2014, a meningococcal B vaccine has been avail-
able for all newborns; the schedule differs depending on the age 
at first dose.18

The National Vaccination Prevention Plan (PNPV) 
2017–2019 includes a list of the health conditions for which 
vaccination is indicated because of the increased risk related to 
infection.18 Despite these recommendations and the available 
evidence, in pediatric patients with hematological or oncologi-
cal disease the inappropriate discontinuation of vaccination is 

not uncommon. This choice may reflect a lack of knowledge 
about vaccination among physicians, the parents’ or guardian’s 
fear of adverse effects, the misconception that the disease is 
a contraindication for vaccination and that vaccination could 
be a cause of the disease.19

In this study we evaluated pediatric patients with oncologi-
cal and hematological diseases in terms of their compliance 
with the immunization program of the National Immunization 
Schedule. At the time of the study, the vaccination of pediatric 
onco-hematological patients in Puglia was provided by 
Vaccination Services while patients were being treated in the 
hospital.

Methods

This was a retrospective cohort study carried out in March- 
April 2019. Vaccination coverage was analyzed in two groups 
of pediatric patients, with oncological and hematological dis-
eases, who were cared for either in the Pediatric Oncology 
Department or in the Pediatric Hematology Department of 
the Policlinico Giovanni XXIII Pediatric University Hospital 
of Bari, Italy. This ~1200-bed hospital is the most important 
hospital in southern Italy. The study population was drawn 
from all patients living in Puglia who were cared for in either 
department during the study period.

At the time of hospitalization, the parents or the guardians 
of the patients provided informed consent for the use of the 
children’s data, anonymously collected, for scientific purpose. 
The list of patients, the diagnosis and the date of the diagnosis 
were obtained from the hospital database. Since the study 
involved the use of routinely collected data, the authorization 
of the Ethics Committee was not requested.

The inclusion criteria were: (1) < 14 years old at the time 
of diagnosis; (2) a diagnosis of an oncological or hematolo-
gical disease (International Classification of Diseases, codes 
140-–239 and 280–289) and (3) living in Puglia.

The immunization status of the enrolled patients was 
obtained from the Apulia regional immunization database 
(GIAVA). The following vaccinations were investigated: 1st, 
2nd and 3rd doses of DTaP-IPV-Hep B-Hib and pneumococ-
cal conjugate vaccines, 1st and 2nd doses of the MMR and 
varicella vaccines, MenC/ACYW conjugate vaccines and the 

Figure 1. Italian vaccination schedule 2017/2019.
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1st and 2nd boosters of dTaP. The IPV booster was not 
considered because it was available at a different period 
from the Puglia Health Trusts. The MenB vaccine was not 
investigated because the vaccination strategy is relatively new.

For each recruited patient, the following information was 
recorded: age at the time of the study, age at the time of 
diagnosis, disease (hematological/oncological), vaccines admi-
nistered and age at the time of vaccination (days).

The data were entered into a database created using an Excel 
spreadsheet and analyzed using STATA MP16 software. 
Continuous variables were expressed as means ± standard 
deviations, and categorical variables as percentages; 95% con-
fidence intervals (95%CIs) are reported as well. The normality 
of the continuous variables was assessed using skewness and 
kurtosis tests. For non-distributed variables it was not possible 
to establish a normalization model. Continuous variables 
between groups were compared using the Wilcoxon (non- 
parametric) rank sum test, and categorical variables between 
groups using a chi-squared test.

A post-diagnosis adherence score was calculated based on 
the ratio of vaccine doses administered after disease diagnosis 
and the number of doses recommended by the Italian 
Vaccination Plan (according to the age at enrollment). The 
result was expressed as a percentage.

The relation between the post-diagnosis adherence score 
and the disease class (oncological vs. hematological), age at 
enrollment (year), sex (male vs. female) and age at diagnosis 
(years) was evaluated by multivariate linear regression. The 
correlation coefficients and 95%CIs were calculated. For all 
tests, a p-value <0.05 was considered to indicate statistical 
significance.

Results

Of the 228 patients enrolled in the study, 119 (52.2%) were 
oncological patients and 109 (47.8%) hematological patients. 
Immune thrombocytopenia was the most frequent disease 
within the hematological group (42 patients, 38.5%), and 
acute lymphoblastic leukemia the most frequent disease within 
the oncological group (50 cases, 42.0%) (Table 1).

In the overall group of 228 patients, 56.5% were male. The 
sex distribution between the hematological and oncological 

patients did not significantly differ (60/109; 55.1% vs. 69/119; 
58.0% respectively; p = .655). The average age of the patients at 
enrollment was 10.1 ± 3.7 years. There was no statistically 
significant differences between hematological (10.3 ± 4.0) and 
oncological (10.0 ± 3.4; p = .870) patients. The distribution of 
patients by age is presented in Table 2. The average age at 
disease diagnosis was 4.4 ± 3.7 years (range: 0–15), but hema-
tological patients were diagnosed at a significantly younger age 
than oncological patients: 3.8 ± 3.9 vs.: 4.9 ± 3.5 years 
(p = .001).

The vaccination coverage in each group is reported for each 
vaccine in Table 3. There was no significant difference in 
vaccination coverage between hematological and oncological 
patients (p > .05). The exceptions were the 2nd doses of the 
MMR (83.7% vs. 68.5%; p = .009) and varicella (53.9% vs. 
38.1%; p = .020) vaccines.

Among the 157 (16.6%; 95%CI = 11.1–23.3%) patients who 
received a third dose of the pneumococcal vaccine, 26 also 
received a fourth dose after their diagnosis (hematological 
disease: 18.9%; 95%CI = 10.7–29.7% vs. oncological disease: 
14.5%; 95%CI = 7.7–23.9%; p = .679).

Coverage for the meningococcal ACYW135/C vaccine was 
81.1% (95%CI = 75.4–86.0%) and did not significantly differ 
between hematological (85.3%; 95%CI = 77.3–91.4% and onco-
logical (77.3%; 95%CI = 68.7–84.5%) patients (p = .102). 
Among the immunized children, 58/185 (31.4%; 95% 
CI = 24.7–38.6) had been vaccinated after disease diagnosis, 
on average 4.4 ± 2.5 (range: 2–11) years later. One vaccine dose 
was repeated in 42 of the remaining 127 (33.1%; 95% 
CI = 25.0–42.0%) patients; the difference between groups was 
not significant (hematological disease: 37.5%; 95% 
CI = 24.9–51.5% vs. oncological disease: 29.6%; 95% 
CI = 19.3–41.6%; p = .348).

As shown in Table 3, there was a significant difference in 
the age at administration of the 2nd MMR dose, 2nd varicella 
dose and 1st dTaP booster, as oncological patients were sig-
nificantly older than hematological patients at the time of 
these vaccinations (p < .05). No significant differences were 
observed between groups for the other vaccines under analy-
sis (p > .05).

A comparison between the age at vaccine administration 
and the gold standard defined by the National Vaccination 
schedule (Table 4) showed a significant delay in both groups 
of patients (p < .05), except for the 2nd dTaP booster in 
hematological patients.

The average post-diagnosis adherence score was 
67.4 ± 36.3% (range: 0.0–100%). The score was related to 
both the disease (oncological vs. hematological; correlation 
coefficient = −0.13; 95%CI = −0.22 to −0.04; p = .004) and 
the age at enrollment (correlation coefficient = −0.23; 95% 
CI = −0.04 to −0.01; p = .018). None of the other associations 
were significant (p > .05; Table 5).

Table 1. Distribution of enrolled patients per diagnosis.

Disease n Percent

Hematological disease
Immune thrombocytopenia 42 38.5
Glucose-6-phosphate dehydrogenase deficiency 16 14.7
Spherocytosis 14 12.8
Thalassaemia 12 11.0
Hemophilia 7 6.4
Anaemia 2 1.8
Other 16 14.7

Oncological diseases
Acute lymphoblastic leukemia 50 42.0
Neuroblastoma 15 12.6
Non-Hodgkin lymphoma 11 9.2
Wilms tumour 8 6.7
Acute myeloid leukemia 8 6.7
Hodgkin lymphoma 6 5.0
Teratoma 6 5.0
Other 15 12.6

Table 2. Sample distribution per age-group and diseases.

Age group (years)
Hematological patients, 

n (%)
Oncological patients, 

n (%)
Total, 
n (%)

2–4 5 (4.6) 6 (5.0) 11 (4.8)
5–11 66 (60.6) 73 (61.3) 139 (61)
>11 38 (34.9) 40 (33.6) 78 (34.2)
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Discussion

Our results showed that vaccination coverage among pediatric 
oncological and hematological patients was lower than the 
recommended level, in particular for vaccines scheduled for 
children in the second year of life (MMR/MMRV, MenC/ 
ACYW) and 5–6 years of age (DTaP, MMR/MMRV). 
Missing vaccination was more frequent among oncological 
patients, perhaps due to the fear of adverse events during 
chemotherapy. New healthcare tools, such as provider recom-
mendations, may positively influence a caregiver’s decision to 
restart his or her child’s vaccination. However, guidelines are 
needed to allow vaccine providers to formulate tailored 
recommendations.20 In our sample, older age at enrollment 
increased the risk of missing vaccination. This may have been 
due to an earlier lack of knowledge among physicians about the 

risk/benefit ratio of vaccination for onco-hematological 
patients. Thus, out of a preference for caution, vaccination 
was likely to be discontinued after the diagnosis. It should be 
noted that the first official recommendation regarding vaccina-
tion for onco-hematological patients became available only in 
2014.2

Despite significant improvements in the prevention and 
management of infections in pediatric patients with hemato-
logical or oncological diseases, infectious diseases are still 
a frequent complication, burdened by high morbidity and 
mortality in addition to a significant influence on the quality 
of life and the overall costs of patient management.21 It is 
therefore not surprising that a diagnosis of onco- 
hematological disease negatively impacts the patient’s vaccina-
tion schedule, causing delays or temporary suspensions.

Data on the efficacy and immunogenicity of vaccinations in 
patients during and after chemotherapy are limited, but 
according to available information concerns about the safety 
of vaccines in this population have not been raised.22 

Nonetheless, despite the safety of vaccines, a diagnosis of 
cancer may pose an obstacle to vaccination.23 In chronically 
ill patients, vaccine hesitancy may be due to a perception that 
vaccination is contraindicated rather than to a fear of reactiva-
tion of the underlying disease.24 For example, vaccination in 
hemophilic children requires comprehensive planning, taking 

Table 4. Age (days of life) at the time of vaccine administration in hematological and oncological pediatric patients (mean±SD)) 
and the gold standard (age, in days) according to the vaccination calendar currently in force in Puglia.

Vaccine
Hematological 

patients
Oncological 

patients
Gold 

standard

Gold standard vs. hema-
tological patients 

(p-value)
Gold standard vs. oncological 

patients (p-value)

1° dose DTaP-IPV- 
Hep B-Hib

100.2 ± 86.1 113.8 ± 149.5 61 .000 .000

2° dose DTaP-IPV- 
Hep B-Hib

176.6 ± 60.8 191.4 ± 158.3 121 .000 .000

3° dose DTaP-IPV- 
Hep B-Hib

389.1 ± 87.5 405.8 ± 167.9 331 .000 .000

1° dose 
pneumococcal

101.2 ± 78.1 108.9 ± 136.5 61 .000 .000

2° dose 
pneumococcal

181.6 ± 62.4 192.7 ± 157.7 121 .000 .000

3° dose 
pneumococcal

392.1 ± 84.1 408.3 ± 170.9 331 .000 .000

1° dose MMR 651.9 ± 752.7 689.4 ± 614.5 366 .000 .000
2° dose MMR 2503.7 ± 860.7 2717.9 ± 775.6 1826 .000 .000
1° dose varicella 1006.2 ± 1137.8 971.3 ± 1006.1 366 .000 .000
2° dose varicella 2472.4 ± 819.7 2902.9 ± 821.5 1826 .000 .000
1° TDPa booster 2263.1 ± 679.6 2378.8 ± 612.9 1826 .000 .000
2° Tdpa booster 4564.3 ± 1655.3 4211.2 ± 1287.0 4381 .709 .001

Table 3. Vaccination coverage of the sample in hematological vs. oncological patients, reported per vaccine. All values are reported in percent.

Vaccine Hematological patients (range) Oncological patients (range) Total (range) p-value

1° dose DTaP-IPV-Hep B-Hib 91.7% (84.9–96.2) 92.4 (86.1–96.5) 92.1 (87.8–95.3) 0.846
2° dose DTaP-IPV-Hep B-Hib 90.8 (83.8–95.6) 90.8 (84.1–95.3) 90.8 (86.3–94.2) .986
3° dose DTaP-IPV-Hep B-Hib 89.0 (81.6–94.2) 86.6 (79.1–92.1) 87.7 (82.7–91.7) .576
1° dose anti-pneumococcal 80.7 (72.1–87.7) 80.7 (72.4–87.3) 80.7 (75.0–85.6) .088
2° dose anti-pneumococcal 73.4 (64.1–81.4) 74.0 (65.2–81.6) 73.7 (67.4–79.3) .101
3° dose anti-pneumococcal 67.9 (58.3–76.5) 69.7 (60.7–77.8) 68.7 (62.4–74.8) .088
1° dose MMR 91.7 (84.9–96.2) 89.1 (82.0–94.1) 90.4 (85.8–93.9) .496
2° dose MMR 83.7 (75.1–90.2) 68.5 (59.0–77.0) 75.8 (69.5–81.4) .009
1° dose varicella 68.8 (59.2–77.3) 62.2 (52.8–70.9) 65.4 (58.8–71.5) .294
2° dose varicella 53.9 (43.8–63.7) 38.1 (29.1–47.7) 45.6 (38.9–52.5) .020
1° DTaP booster 79.8 (70.8–87.0) 70.8 (61.5–79.0) 75.1 (68.8–80.7) .125
2° dTpa booster 38.7 (21.8–57.8) 27.8 (14.2–45.2) 32.7 (21.8–45.4) .342

Table 5. Determinants of the post-diagnosis adherence score in a multivariate 
linear regression model.

Vaccine Coefficient
95% confidence 

interval p-value

Oncological vs. hematological 
patients

−0.13 − 0.22 to − 0.04 .004

Age at enrollment (years) − 0.02 − 0.04 to − 0.01 .018
Sex (male vs. female) − 0.01 − 0.03–0.01 .475
Age at diagnosis (years) 0.05 − 0.04–0.14 .239
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into account disease severity, type and route of vaccination, 
and bleeding risk.25 Disagreement among the various specia-
lists (e.g. oncologist, public health physician and family pedia-
trician) charged with caring for a complex patient may also 
arise. A study carried out on 275 chronically ill (type I diabetes 
mellitus, cystic fibrosis, HIV infection, neurological disease) 
Italian children demonstrated that a frequent barrier to vacci-
nation was the fear of inducing more serious illness.26 

However, the hospital offers a trustworthy setting for the vac-
cination of patients with chronic or rare diseases, because it is 
the reference environment and perceived as being safer.27

Our study suggests the need to promote correct vaccination 
timing in a population already at increased risk of infections 
and complications, to issue recommendations and to dispel 
incorrect contraindications.26

The difference in vaccination coverage for the 2nd MMR 
and varicella doses between hematological and oncological 
patients can be explained by the fact that both vaccines should 
be administered between the 5th and 6th year of life; however 
this is the age at which most oncological pathologies are diag-
nosed. Intensive chemotherapy protocols contraindicate live 
attenuated vaccines, which form the basis of the MMR and 
varicella vaccines, such that vaccination with either one is likely 
to be delayed. These results are consistent with our finding that 
oncological patients were vaccinated at a significantly older age 
than hematological patients. By contrast, the DTaP vaccine is 
an inactivated and therefore safe vaccine even for patients 
undergoing chemotherapy, such that a delay in its administra-
tion does not seem justified.

A key strength of our study was the large sample, derived 
from one of the most important hospitals in southern Italy, but 
there were also several limitations of our analysis. The first was 
that the Apulian vaccine register GIAVA could not be used to 
determine the average vaccination age of the general population 
in our region. It was therefore unclear whether delayed vaccina-
tion was a specific problem of the studied groups of patients or 
a phenomenon common to the entire Apulian pediatric popula-
tion, such as due to the organization of regional healthcare 
services. Regardless, our study revealed a significant decline in 
vaccinations adherence and significant delays in vaccine admin-
istration following the diagnosis of hematological or oncological 
disease. These data are consistent with those in the available 
literature showing that children who habitually access the 
Healthcare System have less vaccination coverage than the gen-
eral population. Therefore, the disease event, instead of reinfor-
cing the importance of being vaccinated, seems to decrease 
vaccination compliance. A strategy to improve vaccination 
adherence may be to incorporate the option of vaccination 
during the control visits for the underlying disease at the refer-
ence center.28 Two additional limitations of our study were its 
monocentric design and our inability to identify the reason for 
missing or delayed vaccination (fear? Physician’s advice? Other 
contraindication, such as allergy?).

A study carried out in Australia showed the success of 
a catch-up strategy based on systematically evaluating the immu-
nization status in children at high risk at the time of hospitaliza-
tion and then offering vaccination with the missing vaccines 
during the hospital stay.29 The creation in an Australian cancer 
center of a service dedicated to the vaccination of patients 

undergoing autologous transplant has increased vaccination 
coverage from 86% to 98%.30

Among the factors that undoubtedly affect vaccination 
compliance is correct information. Many parents fear that 
vaccination may lead to severe and permanent adverse events 
or believe that the number of vaccines is excessive.31 Effective 
communication on the risks of both infectious diseases and, of 
course, the various vaccines is essential for obtaining informed 
consent, even from highly skeptical parents or guardians, and 
thus for a successful vaccination program.32 According to the 
same study, the interaction with the health system is the most 
important factor influencing parents’ consent to their chil-
dren’s vaccination.32 Healthcare system operators must also 
be included in the chain of communication, as they constitute 
a reference for patients and their parents and are essential in 
motivating compliance.

Nevertheless, the vaccination of patients with chronic dis-
eases remains a challenge for public health. New studies on the 
safety and efficacy of vaccination in pediatric patients with 
serious underlying conditions are needed. The results must be 
disseminated among physicians in different branches of medi-
cine, as well as among other stakeholders, such as patients’ 
associations, to support effective partnerships between the pub-
lic and private sectors. New strategies, such as an in-hospital 
vaccination clinic, must be also tested with the aim of providing 
more focussed patient care and avoiding disparate information 
and approaches on the topic of vaccination from different phy-
sicians, which are major risk factors for missing vaccination.
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