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1 INTRODUCTION

Pneumonia is a lower respiratory tract infection that affected 489 million people worldwide in the
year 2019 according to data from the Global Burden of Diseases (GBD) 2019 study?. The disease was
still responsible for over 2.49 million deaths in the year of the survey, surpassing other diseases such as
tuberculosis and HIV, making pneumonia the leading infectious cause of death worldwide?.

Pneumonia can be broadly categorized into aspiration pneumonia, community-acquired pneumonia
(CAP) when the infection occurs outside the hospital environment, and hospital-acquired pneumonia, an
infection acquired after at least 48 hours of hospitalization, considered the second most frequent hospital
infection®,4. Immunosuppressed patients, children younger than 5 years old, and adults aged 65 years or
older are at risk populations5,6. In children the main risk factors are prematurity, malnutrition, and
household air pollution, whereas in adults the most relevant risk factors are: COPD, diabetes mellitus,
smoking, alcoholism, malnutrition, and exposure to pollution’®.

There are several agents capable of causing pneumonia, but the most frequent is Streptococcus
pneumoniae’®. Infection occurs through the migration of microorganisms from the nasopharynx to the lower
respiratory tract or through contact with contaminated droplets and aerosols!. The most common acute
symptoms (lasting up to 7 days) are cough, fever, dyspnea, chest pain, expectoration, and fatigue. Even
though they are classic, they do not present a direct correlation with the outcome of the disease, unlike the
lowered level of consciousness and pleuritic-type chest pain (higher risk of pleural effusion)?. Also,
patients who are elderly or taking steroids, NSAIDs, or antibiotics may have less obvious symptoms 2,

From a suggestive clinical picture, radiological confirmation of pneumonia is fundamental because
imaging exams reveal the site and extent of infection, as well as associated characteristics such as pleural
effusion and cavitations!®. It is recommended to obtain sputum and blood samples from hospitalized
patients for microbiological diagnosis before starting treatment®®. Empirical therapy for pneumonia lasts 5

to 7 days and is based on the severity of illness and presence of risk factors for specific pathogens. In the
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nce of special considerations, a beta-lactam and a macrolide or a respiratory fluoroquinolone is use

as monotherapy'®. Patients with respiratory failure and hypoxemia may receive mechanical ventilatory
support or noninvasive ventilation'’.

Even after antibacterial therapy, a considerable number of patients have their quality of life
maintained or deteriorated after discharge!®. Symptom scores in later disease are worse and long-term
mortality higher than in the general population, thanks to the long-term inflammatory effect and the
comorbidities often present in the infected!®. The importance of pneumonia prevention is evident, which
can be done through primary care programs related to smoking and alcohol cessation, improved oral
hygiene, hand hygiene, and physical exercises?®. However, the most effective preventive measure to reduce
the pneumonia burden is vaccination, which can be done with the 23-valent pneumococcal polysaccharide
vaccine (PPSV23) or the 13-valent pneumococcal conjugate vaccine (PCV13)%. As pneumonia is a
possible complication of influenza, vaccination againstHaemophilus influenzae is also part of the
prevention strategies?.

Since the 1950s, the Swaroop-Uemura index has been used to measure the levels of health care in
certain demographic regions. To complement it, the Nelson de Moraes Curve was created, a graphical
representation of proportional mortality in various age groups?. In the period from 2010 to 2020, Brazil
showed an excellent level of health care, considering the Swaroop-Uemura index of 77.77% and the Nelson

de Moraes Curve type IV, as shown in figure 124,

Figure 1: Nelson de Moraes curve of Brazil between 2010 and 20202,
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Translation:

Menos de 1 ano: less than 1 year

1 a4anos:1to 4 years

5a19anos: 5 to 19 years

20 a 49 anos: 20 t0 49 years

50 anos ou mais: 50 years and older

As pneumonia has a major global and local impact, it is expected that Brazil's health systems have
improved the management of this disease through prevention strategies, early diagnosis and improved

treatments>?1819_ Therefore, this study aims to determine the profile of hospital morbidity and mortality
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pneumonia in Brazil between 2010 and 2020 to investigate the impact of high level of health care on

infection morbidity and mortality.

2 METHODOLOGY

Ecological study based on databases allocated in DataSUS, including the Mortality Information
System (SIM), SUS Hospital Information System (SIH/SUS), and Management of Studies and Analyses of
Demographic Dynamics of the Research Directorate of IBGE. The period from 2010 to 2020 and the
following ICD-10 categories were considered: J12 viral pneumonia not elsewhere classified (COP), J13
pneumonia due to Streptococcus pneumoniae, J14 pneumonia due to Haemophilus influenzae, J15 bacterial
pneumonia not COP, J16 pneumonia due to other specified infectious microorganisms not COP, J17
pneumonia in COP diseases, and J18 pneumonia due to unspecified infectious microorganisms.

Discarding ignored information to avoid overestimated results, we collected the number of: deaths
by residence, period, and ICD-10 category according to region, age group, and sex; hospitalizations by year
of care, ICD-10 morbidity list, and period; resident population by year. Then, we calculated the prevalence
rates of hospitalizations (number of hospitalizations for pneumonia per 100,000 population), specific
mortality (number of deaths from pneumonia per 100,000 population) and proportional mortality
(percentage of total deaths attributed to pneumonia) according to region, age group and sex. The values

were represented in graphs for later evaluation.

3 RESULTS

The prevalence of hospital admissions for pneumonia per 100,000 population decreased from
390.31 in 2010 to 297.12 in 2016, experiencing a slight rise from 2012 to 2013 that was soon surpassed.
From 2016 to 2019, it went through small variations, until in 2020 it decreased dramatically to 173.98

hospitalizations per 100,000 population as shown in figure 2%,

Figure 2. Prevalence of pneumonia hospitalizations in Brazil between 2010 and 2020%.
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In figure 3, it is observed that the pneumonia-specific mortality rate increased from 28.25 to 40.14

between 2010 and 2016, underwent small variations in the following 3 years and decreased significantly in
the year 2020 to 31.6724.26. As for proportional mortality, it varied from 5.19% in 2010 to 6.56% in 2016,
also did not undergo major changes in the following years until, in 2020, it reduced to 4.43%?2*.

Figure 3. Specific and proportional mortality rates for pneumonia in Brazil each year from 2010 to 20202425,
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There was no significant difference in the proportions of deaths between the genders and between
the age groups below 50 years, which represented only 10.43% of all deaths from pneumonia, while the
remaining 89.57% occurred in persons 50 years of age or older. Finally, as shown in figure 4, most deaths
occurred in the Southeast region, followed by the Northeast, South, Midwest, and North in descending

order?,

Figure 4. Total deaths from pneumonia between 2010 and 2020 in Brazil according to demographic region .
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SCUSSION AND CONCLUSION

The study showed an overall decrease in the prevalence of hospital admissions for pneumonia, while
mortality rates increased successively, and even though they decreased in the year 2020, they did not reach
levels below the year 2010. There were no significant differences in mortality between the sexes, as well
as between the age groups below 50 years. Moreover, the vast majority of cases of death occurred in patients
aged 50 years or older. As for the demographic region, the proportions were consistent with the estimated
population residing per year in each, so the descending order of absolute mortality was Southeast,
Northeast, South, Midwest and North.

The overall decrease in the prevalence of hospital admissions can be attributed to the greater
availability of pneumococcal vaccines, new diagnostic tests, and antibiotics, factors that also favor lower
mortality in children, as well as better conditions of education, nutrition, basic sanitation, and hygiene?’.
Similar studies have shown that about 9% of hospitalizations for pneumonia occur in patients who have
already had a previous episode in that same year, so the reduction evidenced may be a reflection of the
lower number of primary infections and reinfections as well?,

Overall mortality has increased over the years, reflecting deficient interventions, especially in severe
forms of the disease and in the population aged 50 years or older. The behavior of mortality indicators also
reflects the impact of chronic diseases, comorbidities, use of other medications, and functional disability
inherent to senility on disease severity'®. Pneumonia remains a relevant cause of mortality in the adult
population, which has repercussions not only on the individual life of the patient, but also socially and
economically, considering the direct and indirect health care costs due to pneumonia?®.

This ecological study had weaknesses such as possible data loss and overestimation of results by
observing only absolute numbers and simple health indicators. Even so, it worked with a large number of
data and a long period, making it valid for this reason.

The excellent level of health care in Brazil impacted the prevalence of hospital admissions as
expected, however, it was not able to improve the mortality rates, which is alarming considering the global
impact of infection. Thus, it is evident that further research is needed to identify the true causes of the

variations found in order to improve the epidemiological profile of pneumonia in Brazil..

Hospital morbidity and mortality profile due to pneumonia in Brazil between 2010 and
2020

Y



SEVEN : HOME PUBLISHING //

publicagoes aca démicas BRAZIL
REFERENCES

1. Lanks CW, Musani Al, Hsia DW. Community-acquired Pneumonia and Hospital-acquired
Pneumonia. Med Clin North Am. 2019 May;103(3):487-501. DOI:
https://doi.org/10.1016/j.mcna.2018.12.008

2. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and injuries in 204
countries and territories, 1990-2019: a systematic analysis for the Global Burden of Disease Study
2019. Lancet. 2020 Oct;396(10258):1204-1222. DOI: https://doi.org/10.1016/S0140-6736(20)30925-9

3. Torres A, Niederman MS, Chastre J, Ewig S, Fernandez-Vandellos P, Hanberger H et al.
International ERS/ESICM/ESCMID/ALAT guidelines for the management of hospital-acquired
pneumonia and ventilator-associated pneumonia: Guidelines for the management of hospital-acquired
pneumonia (HAP)/ventilator-associated pneumonia (VAP) of the European Respiratory Society (ERS),
European Society of Intensive Care Medicine (ESICM), European Society of Clinical Microbiology
and Infectious Diseases (ESCMID) and Asociacion Latinoamericana del Térax (ALAT). Eur Respir J.
2017 Sep;50(3):1700582. DOI: https://doi.org/10.1183/13993003.00582-2017

4. Torres A, Cilloniz C, Niederman MS, Menéndez R, Chalmers JD, Wunderink RG, van der Poll T.
Pneumonia. Nat Rev Dis Primers. 2021 Apr;7(1):25. DOI: https://doi.org/10.1038/s41572-021-00259-
0

5. McAllister DA, Liu L, Shi T, Chu Y, Reed C, Burrows J et al. Global, regional, and national
estimates of pneumonia morbidity and mortality in children younger than 5 years between 2000 and
2015: a systematic analysis. Lancet Glob Health. 2019 Jan;7(1):e47-e57. DOI:
https://doi.org/10.1016/S2214-109X(18)30408-X

6. Eshwara VK, Mukhopadhyay C, Rello J. Community-acquired bacterial pneumonia in adults: An
update. Indian J Med Res. 2020 Apr;151(4):287-302. DOI:
https://doi.org/10.4103/ijmr.1JMR_1678_19

7. Leung AKC, Wong AHC, Hon KL. Community-Acquired Pneumonia in Children. Recent Pat
Inflamm Allergy Drug Discov. 2018;12(2):136-144. DOI:
https://doi.org/10.2174/1872213X12666180621163821

8. Wunderink RG, Waterer G. Advances in the causes and management of community acquired
pneumonia in adults. BMJ. 2017 Jul;358:j2471. DOI: https://doi.org/10.1136/bmj.j2471

9. Barbagelata E, Cill6niz C, Dominedo C, Torres A, Nicolini A, Solidoro P. Gender differences in
community-acquired pneumonia. Minerva Med. 2020 Apr;111(2):153-165. DOI:
https://doi.org/10.23736/S0026-4806.20.06448-4

10. Grousd JA, Rich HE, Alcorn JF. Host-Pathogen Interactions in Gram-Positive Bacterial
Pneumonia. Clin Microbiol Rev. 2019 May;32(3):e00107-18. DOI:
https://doi.org/10.1128/CMR.00107-18

11. Kutter JS, Spronken MI, Fraaij PL, Fouchier RA, Herfst S. Transmission routes of respiratory
viruses among humans. Curr Opin Virol. 2018 Feb;28:142-151. DOI.
https://doi.org/10.1016/j.coviro.2018.01.001

12. Bhuiyan MU, Blyth CC, West R, Lang J, Rahman T, Granland C et al. Combination of clinical
symptoms and blood biomarkers can improve discrimination between bacterial or viral community-

Hospital morbidity and mortality profile due to pneumonia in Brazil between 2010 and
2020



SEVE s HOME PUBLISHING

publicagoes aca démicas BRAZIL

cquired pneumonia in children. BMC Pulm Med. 2019 Apr;19(1):71. DOI:
https://doi.org/10.1186/s12890-019-0835-5

13. Cilloniz C, Ceccato A, San Jose A, Torres A. Clinical management of community acquired
pneumonia in the elderly patient. Expert Rev Respir Med. 2016 Nov;10(11):1211-1220. DOI:
https://doi.org/10.1080/17476348.2016.1240037

14. Metlay JP, Waterer GW, Long AC, Anzueto A, Brozek J, Crothers K et al. Diagnosis and
Treatment of Adults with Community-acquired Pneumonia. An Official Clinical Practice Guideline of
the American Thoracic Society and Infectious Diseases Society of America. Am J Respir Crit Care
Med. 2019 Oct;200(7):e45-e67. DOI: https://doi.org/10.1164/rccm.201908-1581ST

15. Cilloniz C, Liapikou A, Torres A. Advances in molecular diagnostic tests for pneumonia. Curr
Opin Pulm Med. 2020 May;26(3):241-248. DOI: https://doi.org/10.1097/MCP.0000000000000668

16. Ho J, Ip M. Antibiotic-Resistant Community-Acquired Bacterial Pneumonia. Infect Dis Clin North
Am. 2019 Dec;33(4):1087-1103. DOI: https://doi.org/10.1016/j.idc.2019.07.002

17. Liapikou A, Cilloniz C, Palomeque A, Torres T. Emerging antibiotics for community-acquired
pneumonia. Expert Opin Emerg Drugs. 2019 Dec;24(4):221-231. DOI:
https://doi.org/10.1080/14728214.2019.1685494

18. Andrade LF, Saba G, Ricard JD, Messika J, Gaillat J, Bonnin P et al. Health related quality of life

in patients with community-acquired pneumococcal pneumonia in France. Health Qual Life Outcomes.

2018 Feb;16(1):28. DOI: https://doi.org/10.1186/s12955-018-0854-6

19. Kim GL, Seon SH, Rhee DK. Pneumonia and Streptococcus pneumoniae vaccine. Arch Pharm
Res. 2017 Aug;40(8):885-893. DOI: https://doi.org/10.1007/s12272-017-0933-y

20. Hespanhol V, Béarbara C. Pneumonia mortality, comorbidities matter? Pulmonology. 2020 May-
Jun;26(3):123-129. DOI: https://doi.org/10.1016/j.pulmoe.2019.10.003

21. Niederman MS, Folaranmi T, Buchwald UK, Musey L, Cripps AW, Johnson KD. Efficacy and
effectiveness of a 23-valent polysaccharide vaccine against invasive and noninvasive pneumococcal
disease and related outcomes: a review of available evidence. Expert Rev Vaccines. 2021
Mar;20(3):243-256. DOI: https://doi.org/10.1080/14760584.2021.1880328

22. Rolfes MA, Flannery B, Chung JR, O'Halloran A, Garg S, Belongia EA et al. Effects of Influenza
Vaccination in the United States During the 2017-2018 Influenza Season. Clin Infect Dis. 2019
Nov;69(11):1845-1853. DOI: https://doi.org/10.1093/cid/ciz075

23. Guedes JS, Guedes MLS. Quantificacdo do indicador de Nelson de Moraes (curva de mortalidade
proporcional). Rev Saude Publ. 1973 Jun;7(2):103-113. DOI: http://doi.org/10.1590/S0034-
89101973000200004

24. Brasil. Ministério da Saude. Sistema de Informacdes sobre Mortalidade. 2022. Disponivel em:
http://tabnet.datasus.gov.br/cgi/tabcgi.exe?sim/cnv/obt10uf.def

25. Brasil. Ministério da Saude. Sistema de Informagdes Hospitalares do SUS. 2022. Disponivel em:
http://tabnet.datasus.gov.br/cgi/tabcgi.exe?sih/cnv/niuf.def

Hospital morbidity and mortality profile due to pneumonia in Brazil between 2010 and
2020

Y




SEVEN : HOME PUBLISHING //

publicagoes aca démicas BRAZIL

6. Brasil. Instituto Brasileiro de Geografia e Estatistica. Diretoria de Pesquisas. Coordenagédo de
Populacéo e Indicadores Sociais. Projecao da populacédo do Brasil para o periodo de 2000-2030. 2022.
Disponivel em: http://tabnet.datasus.gov.br/cgi/tabcgi.exe?ibge/cnv/projpopuf.def

27. Ferreira-Coimbra J, Sarda C, Rello J. Burden of Community-Acquired Pneumonia and Unmet
Clinical Needs. Adv Ther. 2020 Abr;37(4):1302-1318. DOI: https://doi.org/10.1007/s12325-020-
01248-7

28. Ramirez JA, Wiemken TL, Peyrani P, Arnold FW, Kelley R et al. Adults Hospitalized With
Pneumonia in the United States: Incidence, Epidemiology, and Mortality. Clin Infect Dis. 2017
Nov;65(11):1806-1812. DOI: https://doi.org/10.1093/cid/cix647

29. Michelin L, Weber FM, Scolari BW, Menezes BK, Gullo MC. Mortality and costs of
pneumococcal pneumonia in adults: a cross-sectional study. J Bras Pneumol. 2019
Oct;45(6):€20180374. DOI: https://doi.org/10.1590/1806-3713/e20180374

Hospital morbidity and mortality profile due to pneumonia in Brazil between 2010 and
2020



