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1 INTRODUCAO

Streptococcus pneumoniae, também conhecido como pneumococo, foi
identificado pela primeira vez em 1881 por Louis Pasteur (1822-1895) (1, 2). Essa
bactéria € classificada como Gram positiva, alfa hemolitica, capsulada, com disposi¢édo
morfologica de cocos aos pares em cadeias curtas, medindo em média 0,5 a 1,25 um de
didmetro. Assim como as demais espécies do género Streptococcus, 0 pneumococo €
anaerobio facultativo, catalase negativa e cresce bem em &gar sangue (3, 4).

Seu processo de identificacdo em laboratério € relativamente simples, porém os
meios de cultura apropriados sdo essenciais para o sucesso do isolamento e caracterizacao
dos pneumococos. Primeiramente, € realizada a identificacdo da amostra por sua
aparéncia encapsulada tipica na coloragdo de Gram, incluindo a morfologia das col6nias
em placas de agar sangue, a suscetibilidade a optoquina, a solubilidade da bile e a
reatividade com antissoros especificos para deteccao do antigeno polissacaridico capsular
(3, 5). A céapsula de polissacarideo que envolve externamente 0 pneumococo é
considerada seu mais importante fator de viruléncia, pois tem a funcdo de proteger o
pneumococo da fagocitose e do reconhecimento pelo sistema imunoldgico, contribuindo
nos processos inflamatdrios e gravidade da doenca (6). Devido a sua capacidade de
transformacédo genética, com intensa troca de informacéo celular, 0 pneumococo pode
adquirir uma nova caracteristica, como um polissacarideo capsular capaz de realizar
processos infecciosos ou de colonizagdo (7). Além da importancia da capsula como fator
de viruléncia, os polissacarideos capsulares sd@o os antigenos utilizados no preparo das
vacinas, e servem de base para sua sorotipagem (3).

Atualmente, existem 94 sorotipos de pneumococo reconhecidos de acordo com
seus perfis soroldgicos e estruturas quimicas Unicas (1, 8). O projeto SIREVA, que busca
correlacionar os sorotipos mais prevalentes na América Latina, demonstrou que para o
Brasil, no periodo de 2000 a 2008, 13 sorotipos foram isolados com maior frequéncia em
criangas de até cinco anos internadas em hospitais: 14, 6B, 18C, 19F, 23F, 1, 6A, 5, 19A,
9V, 3, 7TF e 4 (9).

A transmiss@o do pneumococo ocorre através de goticulas respiratorias, podendo
ser colonizador de pessoas sadias, que sdo consideradas assintomaticas. Ao colonizar o
trato respiratorio, pode ocasionar doencas invasivas e ndo invasivas. As doencas

classificadas como ndo invasivas sdo otite, sinusite, amigdalite, bronquite e pneumonia,



ja as invasivas sdo caracterizadas por bacteremia, meningite e pneumonia bacterémica.
A doenca pneumocdcica invasiva é determinada como uma infec¢do confirmada pelo
isolamento de S. pneumoniae de um local normalmente estéril, tal como sangue, liquido
cefalorraquidiano e fluido pleural (10-12).

A Organizagdo Mundial da Saude classificou, em 2015, a pneumonia adquirida na
comunidade (PAC) como a terceira principal causa de morte em todo o mundo, causando
3,2 milhdes de mortes/ano (13). A pneumonia pneumococica bacterémica (PPB) é uma
forma grave de pneumonia invasiva. Aproximadamente 20% dos pacientes adultos
desenvolvem infeccdo da corrente sanguinea e as taxas de mortalidade variam de 10% a
30% (14). Ainda em 2015, dados epidemioldgicos da Europa revelaram que houve 21.118
casos confirmados de PPB, com taxa de mortalidade de 14% (1.312 pacientes) (15). Jaa
pneumonia pneumocadcica sem bacteremia (PP) € identificada como doenca néo invasiva
na maior parte dos consensos, com mortalidade estimada de 5 a 7% (14). Em estudo
italiano, estimou-se que hospitalizacGes por PP tenham maior risco de complicagdes e
mortalidade em criancas e idosos do que em adultos jovens, onde a mortalidade
relacionada a pneumonia foi de 10,7%, e o custo médio por paciente hospitalizado foi de
3.090 euros (16).

Embora a pneumonia cause grande quantidade de 6bitos, pouca atencdo tem sido
dada aos fatores que contribuem para essa mortalidade, pois uma proporcao significativa
de mortalidade 90 dias apds a internacdo por pneumonia € atribuida a outras condicgdes
comorbidas (17). A presenca de doencas cronicas, ndo apenas aumenta o risco de um
individuo adquirir PP, mas também pode aumentar a gravidade da doenca cronica (18).
Em uma revisao realizada por Torres e colaboradores, observou-se que as comorbidades
mais comuns em pacientes diagnosticados com PAC séo: doencas respiratorias cronicas,
cardiopatia cronica ou insuficiéncia cardiaca, diabetes mellitus, doencas
cerebrovasculares, deméncia e doengas renais cronicas, sendo que a frequéncia dessas
doencas cronicas € maior em pacientes com idade >65 anos (19).

Nos Estados Unidos (EUA), o nimero anual estimado de episddios de pneumonia
em adultos é de 5,2 milhdes, com aproximadamente 1 milhdo de hospitaliza¢des ao ano
apresentando um custo médio de mais de USD 9,7 bilhdes (20, 21). Na Europa, as
despesas hospitalares por PAC chegam a €5.7 bilhdes, sendo os custos por cada
internacdo decorrente de PP e PPB em torno de €13.611 (22). Pacientes com idade
superior a 50 anos geram maior impacto econdmico em internagdes ao serem comparados

com individuos de 18 anos ou menos (custo medio por episodio de €5,000 versus €2,750,
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respectivamente). Isso pode ser justificado porque adultos entre 50 e 64 anos sao
economicamente ativos e possuem mais comorbidades relacionadas ao envelhecimento,
aumentando assim os custos da internacdo (22, 23). Esses indices de mortalidade e custos
sdo superiores em paises em desenvolvimento, apesar de poucos dados publicados sobre
PP e seu impacto para os sistemas de salude (24).

Os custos das internacgdes hospitalares podem ser analisados como custos diretos
que se subdividem em custos no cuidado da doenga (pagamentos dos profissionais da
salde, uso das instalacdes fisicas, materiais, medicamentos, exames, etc) e 0s custos ndo
relacionados especificamente ao ambiente médico-hospitalar (recursos de deslocamento
do paciente e/ou cuidadores aos servigos de saude, alimentacdo, servigo de cuidadores,
etc). Os custos indiretos incluem todos os outros custos causados indiretamente
relacionados ao tratamento da doenca, incluindo dias de licenca médica no trabalho (do
paciente e/ou acompanhante) e custos relacionados ao transporte, cuidados e utilizagédo
do tempo pelo paciente ou cuidador para o tratamento da doenca (25, 26).

O somatdrio de custos diretos e indiretos é analisado como custo total relacionado
a determinada doenca. Os principais determinantes dos custos totais com tratamentos de
salde para pneumonias sdo: admissdo em unidade de terapia intensivae o tempo de
internacdo hospitalar, presenca de comorbidades especificas, o desenvolvimento de
complicacOes e a gravidade da pneumonia. Portanto, a PAC, e especificamente a PP,
impbe uma carga econdmica significativa, especialmente quando associada a
comorbidades (18).

Como as infec¢Bes pneumocacicas sdo consideradas uma grande questdo de saude
publica em todo o mundo, para todas as faixas etarias, estudos que tratem de custos se
tornaram ferramentas Uteis e fundamentais, pois tem a finalidade de melhorar a aplicacéo
de recursos publicos e privados, e auxiliar na tomada de decisdes quanto a investimentos
em saude (16, 27). A analise do impacto econdmico da satde pode informar a relevancia
das perdas econdmicas, melhorar a definicdo das prioridades de investimentos e alocagéo
de recursos, identificando possiveis estratégias para reduzir os custos das doencas através
de acOes preventivas apropriadas ou estratégias de tratamento (28).

Em relacdo a prevencdo, a imunizacao € a melhor maneira de reduzir a ocorréncia
das doengas pneumocdcicas, consequentemente, hospitalizagbes e mortes. A vacina
pneumocdcica 10 valente (conjugada) foi introduzida no calendario vacinal do SUS em
setembro de 2010, para ser aplicada em criancas a partir de dois meses até 15 meses de
idade. Ela € composta pelos seguintes sorotipos: 1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F e 23F.
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Trata-se de uma vacina indutora de memoria imunolégica T dependente com um impacto
potencial de prevencdo de doenca pneumocdcica grave de até 80% em criancgas (9, 12,
29).

Além da 10 valente, ha no mercado mais uma vacina conjugada 13 valente, que
também induz memoéria T dependente e quando comparada a vacina 10 valente, os
subtipos adicionais sdo: 3, 6A e 19A e pode ser aplicada dos dois meses aos 80 anos de
idade, estando nessa vacina o sorotipo 19A o mais prevalente e mais resistente aos
antibioticos. Ainda esta disponivel uma vacina polissacaridica 23 valente, que possui
resposta T independente, ndo induzindo memdria imunoldgica, apresentando uma
diminuicdo dos anticorpos apos cinco a dez anos da aplicacdo, que esta indicada para
pacientes com idade superior a 60 anos, ou pacientes com fatores de risco como:
institucionalizados, com retrovirose, diabéticos, cardiopatas crénicos, nefropatas
crénicos, com asplenia anatdmica ou funcional, pneumopatias cronicas, asma grave a

moderada, entre outros (30-32).

Tanto a vacina conjugada quanto a polissacaridica contra 0 pneumococo, também
tem impacto na diminui¢&o da circulagéo de cepas de importancia clinica, evitando assim
o desenvolvimento de resisténcia bacteriana. A variacao da sensibilidade do pneumococo
a penicilina tem sido observada em inimeros estudos realizados nos Estados Unidos. Os
clinicos devem ter ciéncia que essa resisténcia, tem aumentado a niveis importantes,
sendo necessaria mudancas na terapia empirica. Antibioticos da mesma classe utilizados
previamente, s@o o fator de risco mais importante para a resisténcia de um determinado
antimicrobiano. A vacina, nas faixas etarias em que foi indicada, teve efeito ndo so na
prevencdo da diminuicdo de casos de doenga, mas também em internacGes por cepas

multirresistentes ndo contidas na vacina (33, 34).

As vacinas e o conhecimento do perfil de resisténcia local do pneumococo aos
antimicrobianos tornaram-se uma estratégia fundamental para o controle das infec¢des
pneumocdcicas e para a escolha correta dos esquemas terapéuticos efetivos. Apesar da
grande disponibilidade de vacinas pneumocdcicas, as taxas de vacinacdo permanecem
muito abaixo do ideal em todo o mundo, sendo que em adultos sdo menos de 50% 0s
vacinados nos grupos de alto risco. Na Europa, a taxa de imunizagéo é considerada baixa,
oscilando de 12,6% a 36,5% para pessoas do nivel de risco. No Brasil, ha poucas
publicagdes sobre imunizagdo em adultos, necessitando de trabalhos que possam avaliar
adesdo e resposta protetora em populacgéo de risco (23, 35-37).
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Devido a escassez de dados nacionais sobre mortalidade em adultos relacionada a
PP, bem como seu impacto em grupos de risco e custos hospitalares, o presente trabalho
objetivou analisar os dados relacionados as internacdes hospitalares por PP no Hospital
Geral de Caxias do Sul, no periodo de 01 de outubro de 2009 e 30 de abril de 2017, em
pacientes adultos ndo vacinados previamente com vacina anti-pneumocacica,
diferenciando-o0s em dois grupos: pacientes com idade <65 anos (considerados adultos) e
>65 anos (considerados idosos). Para esses pacientes foram avaliados dados
demogréficos, fatores de risco (comorbidades), tempo de permanéncia hospitalar,
admissdo em unidade de terapia intensiva e mortalidade hospitalar. Além disso, foi
avaliado o impacto econdmico, através de custos diretos e indiretos, bem como custo total
anual e custo ao Sistema Unico de Salde (custo total direto e custo direto por paciente).
O trabalho foi aprovado pelo Comité Editorial do Hospital Geral (COEDI) e pelo Comité
de Etica em Pesquisa da Universidade de Caxias do Sul (CEP-UCS nlmero: 2.360.724).
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ABSTRACT

Background: Streptococcus pneumoniae is the main pathogen identified in community-
acquired pneumonia. Studies evaluating in-hospital mortality related to pneumococcal
pneumonia in adults and the economic impact of direct and indirect costs are scarce.
Methods: Cross-sectional study on medical records of adult patients with pneumococcal
pneumonia hospitalized in a university hospital in Brazil, from October 2009 to April
2017. All pneumococcal vaccine-naive inpatient aged > 18 years diagnosed with
pneumococcal pneumonia were included, and risk factors, UCI admission, hospital length
of stay, in-hospital mortality, direct and indirect costs were analyzed.

Results: A total of 186 patients were selected. The mean in-hospital mortality rate was
18% for adults (<65 years) and 23% for the elderly (> 65 years). Bacteremic
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pneumococcal pneumonia affected 20% of patients in both groups, mainly with chronic
respiratory disease (adjusted OR 3.07, 95%CI 1.23-7.65, p <0.01). During the 7-year
period, annual total direct and indirect costs were USD 28,188 for adults (USD 1,746 per
capita) and USD 16,350 for the elderly (USD 2,119 per capita).

Conclusion: Pneumococcal pneumonia remains an important cause of morbidity and
mortality in the adult population, having a significant impact on direct and indirect costs.
These results suggest that prevention strategies should be performed for all adults aged
18 and older, mainly for patients with chronic respiratory diseases.

Key-words: Pneumococcus; pneumococcal disease; pneumonia, hospital costs;

mortality.

Key Messages:

e What is already known on this subject?
Community-acquired pneumonia caused by Streptococcus pneumoniae is one of the
major causes of morbidity and mortality in children and the elderly worldwide. However,
mortality rate and the economic impact of this disease in pneumococcal vaccine-naive

adults are rare.

e What does this study add?
Pneumococcal vaccine-naive adults and elderly patients have a similar in-hospital
mortality rate. Invasive pneumonia affected 20% of both studied groups and patients with
the chronic respiratory disease were at higher risk. The costs per patient hospitalized,
considering direct and indirect costs, were USD 1,746 for adults and USD 2,119 for the
elderly.
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INTRODUCTION

Pneumococcal infection is an important cause of morbidity and mortality worldwide. In
Europe and the United States (US), Streptococcus pneumoniae, or pneumococcus, is the
main etiologic agent of community-acquired pneumonia (CAP).[1-3] Elderly people,
patients with chronic conditions (chronic obstructive pulmonary disease, bronchial
asthma, chronic cardiovascular disease, cerebrovascular disease, chronic renal disease,
chronic liver disease, diabetes mellitus) and immunosuppressed persons are at risk for
pneumococcal pneumonia (PP), and bacteremic pneumococcal pneumonia (BPP).[4-6]
The incidence of pneumococcal invasive disease in adults ranges from 10-100 cases per
100,000 inhabitants.[7-9] In the 2015 US surveillance report, the highest rates of cases
and deaths from the pneumococcal disease occurred in patients over 65 years (18.2% of
cases and 1.53% of deaths).[10] Ruiz et al. carried out a study published in 2017,
comparing adults (18-64 years) with elderly patients (> 65 years) who were diagnosed
with PP and patients > 65 years had higher 30-day mortality, however, were less admitted
to the intensive care unit (ICU) and had a shorter hospital stay.[11]

Epidemiological data from Europe revealed 21,118 confirmed cases of the pneumococcal
disease in 2015 with a mortality rate of 14% (1,312 patients) and hospital costs per PP
and BPP around € 13,611 per hospitalized patient.[12] Patients over 50 years of age have
a greater economic impact on hospitalizations when compared with individuals aged 18
years or less (average cost per episode of € 5,000 versus € 2,750, respectively).[13-14]
These rates of mortality and costs are higher in developing countries, and scarce data is
published on PP in adults and its impact on health systems.[15-16] The present study adds
to the literature the in-hospital mortality impact of pneumococcal pneumonia in adults

and related direct and indirect costs, comparing them to elderly patients.

METHODOLOGY

Study design and population

Cross-sectional study of medical records of adult patients diagnosed with pneumococcal
pneumonia hospitalized at the General Hospital — University of Caxias do Sul, Brazil.
The study period spanned from October 2009 to April 2017 and enrolled all
pneumococcal vaccine-naive inpatient aged > 18 years diagnosed with PP or BPP.

Clinical and microbiological diagnosis of PP and BPP
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CAP was diagnosed based on radiographic findings (new infiltrates compatible with a
diagnosis of pneumonia on chest x-ray, tomography or magnetic resonance imaging) and
clinical findings (acute-onset clinical symptoms suggestive of a lower respiratory tract
infection, such as cough, sputum production, fever, pleural chest pain, or dyspnea). PP
was defined as at least one positive result for Streptococcus pneumoniae in sputum,
tracheal bronchial aspirate and/or bronchoalveolar lavage associated with clinical and
radiographic features of CAP. Sputum specimens with >25 leucocytes per field were
considered of sufficient quality for diagnosis. BPP was diagnosed based on isolating S.
pneumoniae from blood cultures obtained before the parenteral administration of

antibiotics in a patient with CAP.

Variables analyzed and covariates:

The impact of mortality associated with pneumococcal pneumonia in the adult age groups
<65 years and >65 years was evaluated according to demographic aspects (gender, age,
occupation and average income) and clinical characteristics. It was considered a
dependent patient who declared not to work, students, and people that live with relatives;
low income which declared monthly earn up to USD 1,190; average income that receives
up to USD 2,975; and above this value was considered high income). Clinical covariates
analyzed were: diagnosis of bacteremic and non-bacteremic pneumonia; admission and
length of hospitalization for treatment in the intensive care unit (ICU), total hospital
length of stay and related deaths, as well as comorbidities described as chronic
cardiovascular disease (ischemic heart disease, coronary disease, heart failure,
arrhythmia); chronic respiratory disease (chronic obstructive pulmonary disease,
bronchial asthma); chronic liver disease (cirrhosis, chronic viral hepatitis); chronic renal
failure (acute kidney injury and chronic kidney disease); chronic neurological disease
(stroke, dementia); HIV (patient living with acquired immunodeficiency syndrome
virus/AIDS and CD4 <200 cells/mm3); immunosuppression (change in immunity caused

by medication or non-AIDS disease); diabetes mellitus; smoking and alcoholism.

Direct and indirect cost analysis

The cost per hospital stay was analyzed as direct costs [DC] to the Brazilian Health
System/SUS defined as hospital length of stay, medicines, laboratory and imaging exams,
surgical procedures and bronchoscopy, daily ICU cost, medical and other healthcare

costs; and indirect costs [IC] were the patient and/or caregivers cost of the absence from
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work and associated impact. Therefore, the total cost [TC] was defined as follows: TC =
DC+1IC

Data of direct per-patient cost of hospitalization were provided by the hospital’s financial
sector and were adjusted for 2017 payment rate. Indirect costs were calculated
considering the cost of patient and/or caregiver productivity loss, multiplying the number
of days by the average job salary. The mean national salary rate for jobs was obtained
from the General Register of Employees and Unemployment (GREU - CAGED) of the
Brazilian Ministry of Labor and Employment. The amounts in Brazilian Real (BRL) were
converted into US dollars (USD), being 1USD = 3.18 BRL.

Statistical analysis

Statistical analysis was performed for demographic and clinical variables and results were
presented as frequencies and percentages, means and standard deviations (SDs) or
medians and interquartile ranges (IQRs). Patient characteristics were compared between
the two groups (adults vs elderly patients), as were variables related to pneumococcal
pneumonia, comorbidities, hospital length of stay, ICU admission and outcomes. The
Kaplan-Meier method was used to determine associations between age groups and
survival. Comparisons were performed with chi-square or Fisher’s exact tests for
qualitative variables, and Student's t-test for quantitative variables. Multivariate analyses
were reported as odds ratios (ORs) and 95% confidence intervals (Cls), considering the
younger patients (age < 65 years) as the reference group. The creation of the statistical
model was performed through logistic regression with the Backward for Wald method.
The final model was created with the categorization of the individuals for in-hospital
death and pneumococcal bacteremia, being observed the evaluation on the general
performance, that is, the variation occurred in the odds ratio log of the model independent
variables by the values of Cox & Snell R square (R-adjusted). A P value <0.05 was
considered statistically significant. All the statistical analysis was performed using the R

software version 3.3.3 for Windows.

RESULTS
During the study period, 186 patients with PP or BPP criteria were included. Of these,
127 (between 18 and 64 years old) were adults and 59 were elderly (65 years or older).

Mean age for adults was 46 + 11.5 years, and for the elderly 70 + 4.8 years, mainly
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dependent or low-income patients. Table 1 summarizes the baseline characteristics of
all patients stratified by age.
The BPP affected 20% of the selected patients, with no difference between the two groups

(p
immunosuppression were more prevalent in the elderly population (p <0.01), while

0.86). Comorbidities such as chronic heart, respiratory diseases, and

chronic liver or renal diseases and presence of HIV infection were more frequent in the
adult population (p <0.01). Chronic neurological disease, diabetes mellitus, smoking, and
alcoholism had no impact among age groups.

A total of 25.6% patients younger than 65 years and 28.8% of elderly patients were
admitted to the ICU and the mean length of stay was 3 days for both groups. The mean
total hospital length of stay was 10 days for adults and 14 days for the elderly. During the
study period, 37 patients died (19.9%), being 18.1% adults and 23.7% elderly. The
Kaplan-Meier curve (Figure 1) shows the patient’s survival curve according to age and
length of hospital stay. Both groups have similar results until the twentieth day of
hospitalization, after which there was a decrease in survival of elderly.

Regarding the risk of in-hospital death due to pneumococcal pneumonia, ICU admission
contributed to higher mortality rate (OR 156.3, 95% CI 34.1-715.9, p <0.001) with no
difference in mortality between groups (OR 1.41, 95% CI 0.66-2.98, p = 0.40), as shown
in table 2. Among comorbidities evaluated for bacteremic pneumococcal pneumonia,
only chronic respiratory disease had an impact (adjusted OR 3.07, 95% CI 1.23-7.65, p
<0.01) in both age groups (table 3).

The costs related to PP and BPP are described in table 4. The average amount spent
annually on direct and indirect costs was USD 28,188 for the population aged <65 years
and USD 16,350 for the population > 65 years. During the 7- year period, the total annual
direct cost for pneumococcal pneumonia was of USD 24,458 for adults and USD 14,676
for the elderly. The costs per patient hospitalized, considering direct and indirect costs,
were USD 1,746 for adults and USD 2,119 for the elderly. Finally, the Brazilian Ministry
of Health spent on direct costs for pneumococcal pneumonia USD 1,515 for each

hospitalized adult and USD 1,902 per patient aged > 65 years.
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Table 1 - Characteristics of patients with pneumococcal pneumonia

Characteristic Age<65yrs Age>65yrs P value
(n=127) (n=59)
Male sex, n (%0) 78 (62,4) 40 (67,8) 0,40
Age (years), mean (SD) 46 (36-55) 70 (67-72) 0,001
Average income, n (%) 0,30
Dependent 38 (30) 17 (29)
Low 80 (63) 42 (71)
Intermediate 9(7) 0 (0)
High 0 (0) 0 (0)
Pneumonia, n (%) 0,86
Pneumococcal pneumonia 102 (80) 48 (81)
Bacteremic Pneumococcal Pneumonia 25 (20) 11 (19)
Comorbidities, n (%)
Chronic Heart Disease 36 (28,3) 31 (52,5) <0,01
Chronic Respiratory Disease 47 (37,0) 35 (59,3) <0,01
Chronic Liver Disease 11 (8,6) 0 (0) <0,01
Chronic Renal Disease 11 (8,6) 3(5,0) <0,01
HIV 29 (22,8) 0 (0) <0,01
Chronic Neurological Disease 8 (6,3) 5(8,5) 0,60
Immunosuppressed Disease 19 (14,9) 17 (28,8) 0,02
Diabetes Mellitus 6 (4,7) 4 (6,7) 0,50
Smoking 46 (36,2) 24 (40,6) 0,60
Alcoholism 25 (19,7) 10 (16,9) 0,60
ICU admission, n (%o) 33 (25,6) 17 (28,8) 0,10
Mean Leigh of Stay (days)
Total 10 (7-15) 14 (5-22) 0,46
ICU 3(0-5) 2 (0-3) 0,40
Death, n (%) 23 (18,1) 14 (23,7) 0,34

SD: Standard deviation, HIV: Human Immunodeficiency Virus, ICU: Intensive care unit
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Table 2 - Multivariate logistic regression analysis to predict hospital mortality

associated with pneumococcal pneumonia.

Risk factors OR 95% ClI P value
Age > 65 yrs 1,41 0,66-2,98 0,40
Chronic respiratory disease 0,40 0,18-0,88 0,02
Chronic heart disease 1,10 0,52-2,32 0,80
Chronic liver disease 1,56 0,39-6,20 0,50
Chronic renal disease 2,43 0,76-7,74 0,15
HIV 0,60 0,20-1,85 0,35
Chronic neurological disease 1,89 0,55-6,50 0,31
Immunosuppression 0,97 0,39-2,52 0,94
Smoking 1,17 0,56-2,43 0,70
Alcoholism 1,52 0,60-3,60 0,35
Diabetes Mellitus 0,43 0,05-3,52 0,40
Bacteremic Pneumonia 0,57 0,25-1,32 0,20
ICU Mortality 156,3 34,1-715,9 <0.001

HIV: Human Immunodeficiency Virus, ICU: Intensive care unit

Table 3 - Multivariate logistic regression analysis to predict risk factors associated

bacteremic pneumococcal pneumonia

Risk factors adj. OR 95% ClI P value
Age > 65 yrs 0,77 0,32-1,90 0,58
Chronic respiratory disease 3,07 1,23-7,65 0,01
Chronic heart disease 0,88 0,36-2,16 0,77
Chronic liver disease 0,76 0,16-3,23 0,68
HIV 1,16 0,37-3,64 0,80
Chronic neurological disease 1,87 0,35-9,89 0,43
Immunosuppression 2,55 0,80-8,18 0,09
Diabetes Melittus 0,60 0,13-2,81 0,53

HIV: Human Immunodeficiency Virus

Table 4 - Costs related to hospitalization for pneumococcal pneumonia

Costs Age <65 yrs Age > 65 yrs
Direct cost per capita USD 1,515 USD 1,902
Indirect cost per capita USD 231 USD 216
Total cost per capita USD 1,746 usD 2,119

Total Annual Cost USD 28,188 USD 16,350




DISCUSSION

The pneumococcal disease has a high incidence in both the adult and the elderly
population, with a significant impact on direct and indirect costs to the public health
system. Although PP mainly affects the population with comorbidities, there was no
observed difference in mortality between the two groups. Patients with chronic
respiratory disease were at higher risk for bacteremic pneumonia, however with no higher
mortality.

Comparison with previous studies

Studies report the elderly as a risk group for PP mortality. Our study population was
stratified into the adult group (18 to 64 years old) and the elderly group (>65 years) and
no statistical difference for in-hospital mortality between the two groups was observed,
demonstrating the importance of this disease in all age groups of adult patients, which
differs from the 2015 US surveillance report that describes higher cases and deaths from
pneumococcal disease in patients over 65 years, with progressive increase of mortality in
patients over 75 years of age.[10] In a study conducted in 2017, elderly patients had higher
30-day mortality (OR 6.83; Cl 95% 1.22-38.22; p = 0.028) and this outcome may be
related to immunosenescence, since they were healthy and functional elderly people. [17]
The presence of chronic diseases influences both the chance of acquiring the infection
due to changes in immune response, as well as the severity of the disease and its outcome.
Patients with comorbidities have a high mortality rate related to pneumococcal disease in
the short (30 days) and long-term (1 year) period. The comorbidities associated with PP
are chronic heart, respiratory and liver diseases, acute or chronic renal failure,
immunodepression, institutionalized patients with chronic neurological diseases, patients
living with HIV, diabetes mellitus, smoking, and alcoholism. [18-20]

Pneumonia increases the body's oxygen demand and the release of inflammatory
cytokines, causing increased thrombogenesis and heart disease. These factors may
predispose to acute cardiac events concomitant with infection, increasing mortality. In the
present study, heart disease occurred in 52.5% of elderly patients (p <0.01) and did not
have an impact on mortality in both groups (OR 1.1, C1 95% 0.52-2.32, p = 0.8). Musher
et al. demonstrated that 19.4% of patients admitted with PP had more than one cardiac
event during hospitalization.[21] According to Corrales-Medina et al., patients with heart

disease account for a quarter of patients with CAP and have 60% risk for 30-day
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mortality, especially if there is heart failure (OR 4.3), arrhythmias (OR 1.8) or coronary
disease (OR 1.5).[22]

Torres and colleagues, in their review of risk factors for pneumococcal disease, showed
that chronic lung disease was an independent risk factor for the pneumococcal CAP,
especially in the elderly. [18] COPD and bronchial asthma were the most prevalent
comorbidities found in both groups of our studied population with increased risk for
bacteremic pneumonia (adjusted OR 3.07, 95% CI 1.23-7.65, p <0.01). Patients with
COPD have lung architecture changes that predispose respiratory infections, and adults
with asthma have a 12-17% attributable risk of acquiring invasive pneumococcal
infections, especially if there are frequent disease exacerbations. [23-24]

The pneumococcal disease has been an important cause of morbidity in cirrhotic patients.
However, in our study, only 11 patients aged <65 years had liver disease and there was
no impact on mortality (OR 1.56: 95% CI 0.39-6.20, p = 0.5). A study published in 2011,
showed that cirrhotic patients had a higher risk for PAC (46.3% vs. 33%, p = 0.007).[25]
In a Spanish study, patients aged between 18-64 years with liver disease had an index for
PP of 541/100,000 (OR 56.3, 95% CI 49.1-64.6) and patients > 65 years had a PP index
of 1,263/100,000 (OR 15.0, 95% CI 13.1-17.2).[26]

The chronic renal disease is an important cause of mortality worldwide, and the incidence
of pneumonia in dialysis patients is 27.9/100 persons/year, with a 1-year survival rate of
0.51. [27] In our study, chronic renal failure was more prevalent in the population aged
<64 years (p <0.01), with no impact on mortality (p = 0.15). Several studies suggest a
relationship between chronic renal disease and PP, although the pathophysiological
mechanisms involved are not well understood. [28]

Several studies suggest a high risk for pneumococcal disease associated with primary
immunodeficiency due to B cell defects. [29] Solid tumors and hematological
malignancies also predispose to infections, especially by gram-positive bacteria. [30] In
the population studied, immunosuppression was more prevalent in the elderly (p <0.01).
HIV infection also showed relevance as a risk factor for pneumococcal pneumonia (p
<0.01) on this population. The risk of invasive pneumococcal disease is increased in
patients living with HIV, especially in those with CD4 <200 cells/mm3, even with the
adequate use of antiretroviral therapy. [31-32] The American rate of invasive
pneumococcal disease in patients living with HIV aged 18-64 years was equivalent to
173/100,000 in 2010. [6]
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There are few studies evaluating the relationship between smoking and pneumococcal
disease in adults. Chun et al. published a study in 2015 on the association between passive
smoking and invasive pneumococcal disease in 171 children and found no association to
PP.[33] Another study conducted in 2000 found that active smoking would be a strong
risk factor for invasive disease in immunocompetent adults (OR 4.1, 95% CI, 2.4 -
7.3).[34] In an Australian study, smokers were 3.7 times more likely to have an invasive
disease. Despite this, tobacco use had no impact on PP or BPP among the age groups
evaluated in our study.

Alcoholism has been linked to the independent risk of acquiring CAP and PP.[35] In a
study of 19,000 subjects were followed for 10 years, the overall mortality attributed to PP
in alcohol users was 30%, compared to non-users (17 %).[36] In our study, 25 (19.7%)
adults and 10 (16.9%) elderly patients were alcohol users, with no impact on mortality
during hospital stay (p = 0.35). Chronic neurological diseases and diabetes mellitus also
had no impact on mortality. While chronic neurological diseases have a higher incidence
in the elderly, diabetes mellitus has been related to PP in patients <40 years old, with an
increased risk for bacteremic pneumonia (OR 1.4 to 4.6). [18]

We observed that the BPP affected 20% of the selected patients, with no difference
between the age groups (p = 0.86), no impact on length of stay or in-hospital mortality.
This incidence of BPP corresponded to previously published data in which 25-30% of
patients with PP had concomitant bacteremia, and approximately 75% of all
pneumococcal diseases are non-bacteremic pneumococcal pneumonia. [37] The hospital
length of stay due to PP and BPP was higher for elderly patients (mean of 14 days), as
well as the rate of admission to the ICU (28.8% vs. 25.6 % in adults). A study conducted
in the Netherlands in 2016 had similar results, with an average length of hospital stay of
12 days. [12] Ruiz et al. identified a mortality risk in ICU of 4.2 (p = 0.10), however, in
our study the in-hospital mortality was higher (OR of 156.3) since all 37 patients died in
the ICU.

Analyzing costs related to PP and BPP, the average amount spent annually on direct and
indirect costs was higher in the population aged <65 years (USD 28,188 vs USD 16,350),
justified by the number of adults enrolled and the related indirect costs (economically
active population). In the per capita analysis, however, the cost was higher in the elderly
population (USD 2,119 vs USD 1,746), due to direct costs of prolonged hospitalization
and incidence of comorbidities. A European study showed an average of direct costs

community-acquired pneumonia (CAP) treatment of € 196 in the outpatient setting and €
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1,553 in the hospital setting, and a Japanese study demonstrated an average inpatient
treatment of USD 4,851. [38-39]

In conclusion, strategies should be encouraged to reduce PP incidence, avoiding the high
total cost and in-hospital mortality associated with pneumococcal disease in the adult
population. Thus, vaccines appear as an important and effective intervention to be
performed in the adult population with comorbidities. [40] Future studies on cost-
effectiveness and cost-benefit models are necessary to infer the economic impact that the
immunization of the entire adult population with pneumococcal conjugate vaccine 13
(PCV13) and pneumococcal polysaccharide vaccine 23 (PPV23) could represent for the
public or private health systems.

Our study had limitations such as lack of data on 30-day outpatient mortality, association
with antimicrobial resistance and pneumococcal serotypes, and information related to
influenza vaccine status. Despite being a monocentric study, the results point out costs
impact and mortality in the adult population. Preventive measures should be encouraged
in different age groups, and cost-effectiveness studies should be conducted to assess the
actual impact on the public health system of anti-pneumococcal vaccination for the adult

population, regardless of comorbidities.
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Figure 1. Kaplan-Meier curve on hospital survival analysis of adult (<65 years) and
elderly (> 65 years) patients with pneumococcal pneumonia.
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4 CONSIDERACOES FINAIS E PERSPECTIVAS

A doenca pneumocdcica tem alta incidéncia tanto na populacdo adulta, quanto
idosa, com impacto expressivo em custos diretos e indiretos para o sistema publico de
salde brasileiro. Apesar de incidir principalmente na populagdo com comorbidades, ndo
houve diferenca de mortalidade entre os grupos de pacientes estudados. Na analise de
sobrevida hospitalar, ambas as faixas etarias possuem resultados semelhantes até o
vigésimo dia de internacéo, sendo que ap0s esse periodo, ha uma diminuicdo da sobrevida
em idosos. Ndo houve diferenca em mortalidade hospitalar por doenca pneumocdcica
guando ha apenas pneumonia ou se associada a bacteremia, porém, houve mais
pneumonia bacterémica em pacientes com pneumopatia cronica. Assim, medidas
preventivas devem ser incentivadas em pacientes pneumopatas, e estudos de custo-
efetividade devem ser realizados para avaliar o real impacto no sistema pablico de satde
da vacinacdo anti-pneumocdécica para toda a populacdo adulta, independente de
comorbidades e de faixa etéria.

Perspectivas futuras:

e Avaliar o impacto da doenca pneumocdcica em populacdo adulta
vacinada;

e ldentificar as comorbidades associadas a internacfes hospitalares e
mortalidade na populacdo de criangas e adolescentes com doenca
pneumocdcica bacterémica e que foram vacinados;

e Analisar a custo-efetividade da vacina anti-pneumocaocica conjugada 13

(VCP 13) na populacdo adulta através de modelos matematicos.
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