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ABSTRACT

Patients with diffused Systemic Sclerosis (dSSc) are more subject to severe respiratory complications with
higher rates of intensive care unit (ICU) admission. Vaccination represents the most effective means of
prevention and care for frail patients, such as SSc patients, preventing infections, reducing mortality and
morbidity, and granting a better quality of life. Both vaccinations against seasonal influenza and
Streptococcus pneumoniae are currently recommended by the European League Against Rheumatism
(EULAR) guidelines on vaccination. The aim of this study is to give an updated analysis on S. pneumoniae
and seasonal influenza vaccination coverage in a cohort of 91 patients with SSc and to investigate
demographic and clinical variables significantly related to vaccine acceptance. The correlation between
vaccine administration and other factors was investigated using a binomial logistic regression to evaluate
the adjusted odds ratio (aOR). The patients followed up in this study reached higher percentages than the
general population, passing the 75% target for both influenza and anti-pneumococcal vaccinations and
reaching for influenza vaccine coverage rates of 83.8% for subjects undergoing immunosuppressive
therapies and 88.9% for elderly subjects. For the latter group, it is important to emphasize the strong
correlation between older age groups and vaccination acceptance.
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1. Introduction

Systemic sclerosis (SSc) is a chronic inflammatory disease with
a prevalence ranging from 7 to 700 cases per million with
a significant difference between countries with peaks in the
USA and Australia and lows in Europe and Japan."* This wide
range of prevalence can be caused by differences in medical
recordings that can influence overall data availability.

The main pathogenetic effect behind the disease is the
continuous cycle of inflammation followed by tissue fibro-
sis. The main areas affected by this process are the skin,
vascular system, and organs, such as lungs, kidneys, heart,
and the gastrointestinal tract.”* There are two main sub-
types of SSc: limited cutaneous (1SSc) and diffuse cutaneous
systemic sclerosis (dSSc) but, due to the great heterogeneity
of clinical presentation, the American College of
Rheumatology (ACR) and the European League Against
Rheumatism (EULAR) developed a new classification
system." This different classification approach incorporating
autoantibodies commonly tested helped to reduce the time
needed for diagnosis.

The disease etiology is only partially understood, as both
genetic and environmental factors influence SSc onset and
outcome.” The main factor clarified is the involvement of
T-cell. CD8+ suppressor cells activity is impaired, leading to
relapses and disease progression.® Patients with dSSc are at
a higher rate more subject to severe respiratory complications

with higher rates of intensive care unit (ICU) admission. The
average time between SSc diagnosis and ICU admission is
78 months and the mainly due to acute respiratory failure.”

The disease has a mortality ratio of 2.3-3.5 with
a cumulative survival rate from diagnosis of 75% at 5 years
and 62.5% at 10 years.”

The main causes of death are interstitial lung disease (ILD)
and pulmonary arterial hypertension (PAH);” endothelial dys-
function and vascular abnormalities often leading to death by
cardiac complications,'®"" and opportunistic infections as the
patients are often undergoing therapy with immunosuppres-
sive or biological drugs.'*™'®

Vaccination represents the most effective means of preven-
tion and care for frail patients such as SSc patients preventing
infections, reducing mortality and morbidity, and granting
a better quality of life.

Both vaccinations against seasonal influenza'” and
Streptococcus pneumoniae are currently recommended by
the EULAR guidelines on vaccination to prevent pneumo-
nia, meningitis, and bacterial sepsis."® From a clinical and
statistical point of view children, the elderly and immuno-
compromised subjects have the strongest recommendations
for vaccination suffering from a higher incidence and
a worse outcome associated with said diseases and with
mortality rates for the disease’s invasive form ranging
from 5% to 35%.'7%’
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The aim of this study is to give an updated®® analysis on
S. pneumoniae and seasonal influenza vaccination coverage
among patients with SSc and to investigate demographic and
clinical variables significantly related to vaccine acceptance
comparing this year’s results with the previous.

2. Materials and methods

All adult patients followed up at the regional referral center for
the diagnosis and treatment of systemic sclerosis (SSc): the
Immunology Clinic, in the Department of Internal Medicine
(DiMI), of the San Martino Polyclinic Hospital in Genoa were
recruited for the study.

In September 2018, an informed consent to data acquisition
was provided during a clinic visit and signed by the patients
involved. Data on gender, age, concomitant immunosuppres-
sive treatment, comorbidities (pulmonary “ILD,” cardiovascu-
lar, diabetes mellitus “DM,” chronic kidney disease “CKD,”
hematological or solid malignancy), smoking habits, and pre-
vious pneumococcal and flu vaccinations were systematically
collected by the researchers with a standardized form from
both older medical records and by patient self-report.

All procedures were in accordance with the Helsinki
Declaration of 1975.

All patients were entrusted to the Department of Hygiene
(DISSAL) for a general evaluation and to be offered informa-
tion about available vaccines. Yearly all patients were recalled
to the vaccination center and offered the seasonal influenza
vaccine. After the evaluation of the patient’s vaccination status
from a regional telematic register, both pneumococcal vac-
cines, Prevenarl3 © (PCV-13) and Pneumovax23 ® (PPV-23),
were offered according to the schedule provided on the tech-
nical datasheet and to Italian guidelines on immunization
(PNPV),” first PCV-13, then PPV-23 6 months or a year later.

Since it was not clear what influenced patients the most
when deciding to adhere to vaccination schedules or not, the
researchers asked them who proposed them the needed vacci-
nations and how did they motivate such advice (e.g. “who
proposed the vaccinations to you? Your GP? A clinician from
this hospital? A researcher? Others?” “did he/she provide any
information material?” “did you feel motivated by the propo-
sal?”), the answers were then collected and added to the data-
base to be analyzed.

This procedure was repeated over the following 2 years,
focusing on patients’ clinical status reevaluation, due to possi-
ble therapy modifications, and calculating the cohort vaccina-
tion coverage over time.

Thanks to the follow-up data, it was possible to evaluate the
changes in vaccination acceptance rates of the complete cohort
and other subgroups, such as patients with comorbidities,
chronic therapies or therapies shifts, and different age groups
and link them to factors guiding their decision.

Both quantitative (means and medians) and qualitative (pro-
portions and percentages) variables were analyzed and
described. The correlation between vaccine administration and
other factors was examined with Fisher’s exact test (the result is
significant if p < .05) and the chi-square test, applying the Yates
correction when necessary. The change in vaccination coverage
between 2017-18 and 2018-19 seasons was examined with

Fisher’s exact test (the result is significant if p < .05) and the chi-
square test, applying the Yates correction when necessary.
Statistics version 25 of IBM SPSS (produced by IBM of
Armonk, New York) was used to evaluate the binomial logistic
regression between vaccinations and investigated characteris-
tics, and to evaluate the adjusted odds ratio (aOR) to investigate
independent correlations with vaccination uptake.

3. Results
3.1. Clinical and demographic characteristics

During the first year, 72 patients were recruited, this number
grew to 91 in the second year and, despite the death of a patient
due to myocardial infarction and consequent fatal heart failure,
remained stable during the third year with the addition of
a new patient.

All the patients attending our center consented to partici-
pate in the study forming the cohort in analysis.

The average age was 63.51 (SD 13.98) years, with a median
of 64 (IQR 54-74.5). The female population was just over 80%,
and the male-to-female ratio was 1:4, in line with the epide-
miology of the disease.

Half of the subjects (46/91, i.e. 50.5%) were afflicted by SS
limited form (1c¢SSc), while 29.7% of the cohort has the disease’s
diffuse form (dcSSc). 19.8% were afflicted by an overlapping or
unspecified form.

The clear majority of patients were affected by comorbid-
ities (85.7%). In order of prevalence pulmonary interstitial
disease (ILD) was the most represented with a prevalence of
61.5%, followed by cardiovascular diseases (53.9%), chronic
renal failure (CRI) of grade II or higher in 18.7%, and neoplas-
tic disease in 4.4%.

Among the 91 patients, one third (34.1%) had a positive
history of smoking and 40.7% were under immunosuppressive
treatment mainly with the use of two drugs: mofetil-
mycophenolate (called MMF, 27.5%) and methotrexate
(MTX, 8.8%).

The precise clinical and demographic data are summarized
in Table 1.

3.2. Vaccination rate

Significant changes in vaccination rates between the first year
and the last year were pointed out in our study. Changes were
evaluated among the entire cohort and different subgroups of
patients. No statistical significance was found in vaccination
rates between the second year and the last year, although the
coverages kept a rising trend across the whole observation time.
Vaccination rate changes are described in Tables 2 and 3.

3.3. Vaccinations uptake

According to the National Vaccination Prevention Plan
(PNPV), influenza vaccination is recommended to people
affected by several risk factors.

Among the patients 49.5% (45/91) were over 65 years old,
40.7% (37/91) had comorbidities, and 2.2% (2/91) were
under the effect of an immunosuppressive treatment



Table 1. Clinical and demographic characteristics of systemic sclerosis patients.
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Patients vaccinated

Patient characteristics Total against flu

Patients not vaccinated
against S. pneumoniae

Patients vaccinated
against S. pneumoniae

Patients not
vaccinated against flu

91
63.51 (SD 13.98)
64 (IQR 54-74.5)

69
66.39 (SD 13.69)
66 (IQR 59-76)

Number
Mean age (years)
Median age (years)

Over 65 years old 49.5% 60.6%
Females 82.4% 70.8%
Comorbidities 85.7% 86.9%
Interstitial Lung Disease 61.5% 62.3%
Cardiovascular 53.8% 55.1%
Neoplastic 4.4% 43%
Chronic Kidney Disease 18.7% 17.4%
Diabetes 4.4% 5.8%
Smokers 34.1% 33.3%
Ongoing therapy 40.7% 44.9%
Methotrexate 8.8% 10.2%
Mycophenolate mofetil 27.5% 29.0%
Limited cutaneous Systemic sclerosis 50.5% 55.1%
Diffuse Systemic sclerosis 29.7% 26.1%

70
65.6 (SD 13.46)
66 (IQR 57.25-75.75)

21
56.5 (SD 13.71)
57 (IQR 47-66)

22
54.45 (SD 10.88)
55 (IQR 47.5-59.25)

18.2% 55.7% 28.6%
95.2% 80.0% 90.5%
81.8% 88.6% 76.2%
59.1% 64.3% 52.4%
50.0% 55.7% 47.6%

4.5% 4.3% 4.8%
22.7% 18.6% 19.0%

0.0% 5.7% 0.0%
36.3% 28.6% 52.4%
27.3% 47.1% 19.0%

4.6% 10.0% 4.8%
18.2% 30.0% 14.3%
36.4% 54.3% 38.1%
40.9% 28.6% 33.3%

Table 2. Changes in S. Pneumoniae vaccination coverage between 2017-18,
2018-19 and 2019-2020 seasons.

Patient characteristics 2017-2018  2018-2019  2019-2020 p
Total (n) 23.6% (17)  747% (68)  76.9% (70)  <.01*
Over 65 years old 24.3% 86.3% 86.7% <.01*
Males 18.2% 75.0% 87.5% <.01*
Females 24.6% 82.4% 74.6% <.01*
Comorbidities 27.8% 78.8% 79.5% <.01*
Interstitial Lung Disease 30.4% 89.3% 80.4% <.01*
Cardiovascular 38.5% 85.7% 79.6% <.01*
Ongoing therapy 35.3% 89.2% 89.2% <.01*
Methotrexate 40.0% 87.5% 87.5% .07
Mycophenolate mofetil 26.7% 88.0% 87.5% <.01*

Statistical significance examined with Fisher's exact test (the result is significant if
p < .05) and the chi-square test, applying the Yates correction when necessary;
* statistical significance.

Table 3. Changes in flu vaccination coverage between 2017-18, 2018-19 and
2019-2020 seasons.

Patient characteristics 2017-2018  2018-2019  2019-2020 p
Total (n) 583% (43)  69.2% (63)  75.5% (69)  <.01*
Over 65 years old 75.7% 88.6% 88.9% .08
Males 54.6% 75.0% 93.8% .04*
Females 59.0% 81.0% 72.0% a2
Comorbidities 60.4% 75.0% 76.9% .05*
Interstitial Lung Disease 58.7% 77.4% 76.8% .07
Cardiovascular 76.9% 75.5% 77.6% 99
Ongoing therapy 34.9% 83.8% 83.8% <.01*
Methotrexate 60.0% 87.5% 87.5% 46
Mycophenolate mofetil 73.3% 84.0% 83.3% 67

Statistical significance examined with Fisher's exact test (the result is significant if
p < .05) and the chi-square test, applying the Yates correction when necessary;
* statistical significance.

(MTX) that made them eligible for vaccination, 7.7% (7/91)
received a yearly direct recommendation from their general
practitioner for both influenza and S. Pneumoniae vaccina-
tions and only 7.7% (7/91) patients did not have any risk
factor.

As emerges from our group data on vaccination coverage
rates, although almost every subject was entitled to receive
vaccination, only 75.5% of the patients received it.

Pneumococcal vaccination was accepted by 76.9% (70/91)
patients and flu by 75.8% (69/91). In more than 85% of cases

the immunologist in charge of these patients recommended
immunization. General Practitioners proposed the vaccination
to just over 10%, while a couple of subjects were advised by
other specialists.

Then, we analyzed various individual variables such as
age, sex, comorbidities, immunosuppressive therapy, and
positive history of smoking, to find a significant correlation
(p-value < .05) with the vaccinations carried out by patients.
First, the Unadjusted Odds Ratio (UOR) was calculated, later
it was corrected and transformed into an Adjusted Odds
Ratio (AOR) to exclude the influence of any confounding
factor.

Of all the characteristics analyzed, only the age of over 65
is a significant factor that correlates with the carrying out of
both vaccinations. For anti-pneumococcal immunization, the
AOR is 7.12 (95% CI: 1.69-29.88), while for flu vaccination,
it is 43.24 (95% CI: 5.93-315.11), both high values that
showed a positive correlation between old age and vaccina-
tions. The patients older than 65yo were 7.11 (95% CI: 1.69-
29.88) or 43.24 (95% CI: 5.93-315.11) times more prone to
be vaccinated for the corresponding pathogens. A negative
correlation was also found: being a woman in the studied
cohort was a disadvantage for immunization against influ-
enza with an AOR of 0.04 (95% CI: 0.01-0.63). Tables 4 and 5
present the precise unadjusted and adjusted odds ratios of
each factor on flu and pneumococcal vaccine uptake,
respectively.

4. Discussion

As the results showed, most patients followed up at our center
had at least one factor that made vaccinations recommendable
to them. Age represented the factor most positively correlated
with vaccine acceptance, while immunosuppression and severe
comorbidities had a slightly lower influence. Nonetheless, con-
tinuous recommendations led to satisfactory vaccination
coverages.

Seasonal flu and pneumococcus are high incidence
respiratory infections with significant morbidity and mor-
tality. Many studies have proven that the elderly, subjects
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Table 4. Raw and adjusted odds ratios on each factor evaluated for S. pneumoniae
vaccination over the 3-year period.

95% Confidence

Patient characteristics Raw OR Adjusted OR interval p

Age over 65 years old 3.15 7.11 1.69-29.88 01*
Female sex 0.42 0.21 0.03-1.48 12
Interstitial Lung Disease 1.64 0.79 0.22-2.90 73
Cardiovascular 1.38 1.32 0.36-4.82 .68
Smoking 0.36 0.70 0.20-2.37 .56
Chronic Kidney Disease 0.97 0.60 0.15-2.50 49
Immunosuppressive therapy ~ 3.79 3.49 0.76-6.23 .99
Methotrexate 2.22 0.76 0.27-16.12 .99
Mycophenolate mofetil 257 1.93 0.69-6.35 99

Statistical significance examined with Fisher's exact test (the result is significant if
p < .05) and the chi-square test, applying the Yates correction when necessary;
* statistical significance.

Table 5. Raw and adjusted odds ratios on each factor evaluated for 2019-2020
seasonal flu vaccination.

95% Confidence

Patient characteristics Raw OR Adjusted OR interval p
Age over 65 years old 6.59 43.24 5.93-315.11  >.01*
Female sex 0.17 0.04 0.00-0.63 .02%
Interstitial Lung Disease 1.15 0.34 0.07-1.64 .18
Cardiovascular 1.23 0.70 0.17-2.98 .63
Smoking 0.88 0.78 0.20-3.00 71
Chronic Kidney Disease 0.72 0.28 0.06-1.24 .09
Immunosuppressive therapy ~ 2.18 3.74 0.16-85.09 A1
Methotrexate 2.37 6.61 0.16-275.16 32
Mycophenolate mofetil 1.84 5.48 0.21-142.62 .06

Statistical significance examined with Fisher's exact test (the result is significant if
p < .05) and the chi-square test, applying the Yates correction when necessary;
* statistical significance.

with comorbidities, and immunocompromised individuals
suffer more from complications and have an overall worse
prognosis.”' ">

Subjects affected by SSc are a perfect example, both immu-
nocompromised and with systemic resentment given by the
underlying pathology.'®"” Since flu and anti-pneumococcal
vaccinations have a high level of safety and effectiveness even
in rheumatic or immunological diseases,'>”” their coverage
rate should be as high as possible.

In 2018, Harrison et al.’® found that Austrian rheumatology
patients were mostly vaccinated by general practitioners. As
shown before, the situation in our study group was completely
reversed. The high vaccine coverage was reached due to health
education provided by the immunologists who followed up the
patients.

The first step to achieving a better vaccination implementa-
tion and higher coverage rates should start with prevention and
vaccination education granted to the general population by
general practitioners.

Although at the beginning of the study, the coverage of the
Ligurian cohort was far from sufficient, it is essential to under-
line how a vaccination campaign, actively aimed at this cate-
gory of subjects, led to a significant increase in immunized
subjects in the following 2 years.

During the years of this study, an effective vaccination
campaign was carried out which made it possible to exceed
the 75% coverage rate target set by 2017-2019 PNPV for
pneumococcus and influenza.

The main focus of the campaign was raising awareness
about the importance of vaccines in frail subjects. This was
carried out by providing constant information and dialogue
during each patient’s hospital visit to reduce hesitancy and help
a conscious choice. The latest data published by the Ministry of
Health (updated to 2019)°" show that only 15.8% of the general
Italian population is immunized against seasonal flu, with
a level slightly above 50% in the elderly subjects (>65). The
patients followed up in this study reached higher percentages
than the general population, passing the 75% target and reach-
ing 83.8% for subjects undergoing immunosuppressive thera-
pies and 88.9% for elderly subjects. For the latter group, it is
important to emphasize the strong correlation between older
age groups and vaccination acceptance.

The results obtained for S. pneumoniae show a satisfactory
vaccination coverage rate of over 75% with higher rates in the
same categories as flu. It is important to point out that over the
years, the population protected against pneumonia will grow
due to the long-lasting effects of immune memory.

The fact that the other calculated variables do not allow the
extraction of different significant correlations expresses how the
population is heterogeneous throughout the years of the study.
This demonstrates how immunization should not remain
addressed to a specific category of patients with SSc, but that,
on the contrary, it should be extended to all these patients
regardless of their personal and/or clinical characteristics.

The main limitation of this study might be a bias in the
selection of our cohort since it is composed of highly followed
patients that showed a high compliance with all procedures.
This could either be casual or the result of a higher awareness
of the importance of vaccination. Another limitation may be
linked to the overall different approaches in the management
of this frail patient population worldwide. This is both a limit
and a strong point of the study, trying to provide more data on
an important aspect of prevention. The yearly monitoring
grants the possibility to also assess the advantages granted by
the continuous communication and monitoring.

5. Conclusions

This study aimed to give an updated analysis of S. pneumoniae
and seasonal influenza vaccination coverage among patients
with SSc and to investigate demographic and clinical variables
significantly related to vaccine acceptance.

Although vaccinations are often the safest and most effec-
tive means of protection for frail patients, the tendency toward
immunization is still too low. The absence of clear and univocal
information about vaccines and the different opinions on vac-
cines provided by health-care workers often fuel vaccine hes-
itancy. Giving correct information can lead, as shown in our
patient group, to satisfactory vaccine acceptance and coverage
rates only increasing throughout the years.

Obtaining similar results not only for patients affected by
SSc but also for the general population would gradually help
to create a herd immunity and further increase the effective-
ness of vaccinations giving frail patients such as SSc patients
more chances to be protected from high-risk preventable
diseases.



This study adds significance to the previous results*®
observed over a two-year observation, emphasizing the impor-
tance of the prolonged and vaccine offering campaign.
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