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ABSTRACT

Background and Objectives: The main objective was to analyze the consumption of antimicrobials (ATMs)
subjected to prescription retention, and with indication for the treatment of respiratory infections in Brazil, from
2014 to 2021. Methods: This is an ecological study of mixed design. Secondary data was obtained from the National
System for the Management of Controlled Products (SNGPC). Data was presented following the equation: number
of total consumption of ATMs for each macro-region of Brazil by year or trimester / number of residents for each
macro-region per year *1.000 inhabitants. Annual data was analyzed by Prais-Winsten, and quarterly data was an-
alyzed by automatic forward stepwise regression. Results: The Southern region showed the highest mean rates of
consumption when compared to the other macro-regions. For annual analysis, the proportion of stability, increase
and decrease of consumption of ATMs was similar among macro-regions. The quarterly period registered an increase
in the consumption of Amoxicillin, Amoxicillin+Clavulanate, Azithromycin and Cephalexin altogether, in the Southern,
Southeastern and Northern regions. Conclusion: Our data reveals an increased consumption of some ATMs during
the pandemic period in specific macro-regions of Brazil. The five macro regions have shown different patterns of
ATMs consumption.

Keywords: Acute respiratory infections. Antimicrobials. Brazil. COVID-19. Pharmacovigilance.

RESUMO

Justificativa e Objetivos: O objetivo principal foi analisar o consumo de antimicrobianos (ATMs) sujeito a
retencdo de receita e com indicagdes para tratamento de infecgdes respiratérias no Brasil de 2014 até 2021. Métodos:

Rev. Epidemiol. Controle Infecc. Santa Cruz do Sul, 2024 Abr-Jun;14(2):238-250. [ISSN 2238-3360]

Please cite this article as: Polesello GF, Torres ILS, Ferreira CF, Stanhke DN, Paniz VMV, Medeiros L. Consumo de antimicrobianos durante o periodo de pandemia de COVID-19 em
macrorregibes especificas do Brasil. Rev Epidemiol Control Infect [Internet]. 4° de agosto de 2024 [citado 19° de agosto de 2024];14(2). Disponivel em: https.//online.unisc.br/seer/index.
Pphp/epidemiologia/article/view/18259
Page 01 of 13
Exceto onde especificado diferentemente, a matéria publicada neste periédico é licenciada not for quotation
@ @ sob forma de uma licenga Creative Commons - Atribuicéo 4.0 Internacional.
BY

http://creativecommons.org/licenses/by/4.0/


https://orcid.org/0000-0002-2086-4186
https://orcid.org/0000-0002-3081-115X
https://orcid.org/0000-0001-9777-7382
https://orcid.org/0000-0002-6871-4355
https://orcid.org/0000-0003-3186-9991
https://orcid.org/0000-0002-6842-7241
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Trata-se de um estudo ecoldgico de desenho misto. Dados secundarios foram obtidos do Sistema Nacional de Geren-
ciamento de Produtos Controlados (SNGPC). Dados foram apresentados conforme a seguinte equacao: nimero total
de consumo de ATMs por cada macrorregido do Brasil por ano ou trimestre/ nimero de residentes por cada macror-
regido do Brasil por ano *1.000 habitantes. Dados anuais foram por Prais-Winsten, e dados trimestrais por regressao
automatica passo-a-passo. Resultados: Regido Sul apresentou maiores taxas médias de consumo em comparagao
as demais macrorregibes. Para analise anual, a proporcdo de estabilidade, aumento e diminuicdo dos ATMs foi si-
milar entre as macrorregides. O trimestre registrou aumento no consumo de Amoxicilina, Amoxicilina+Clavulanato,
Azitromicina e Cefalexina, juntas, nas regides Sul, Sudeste e Norte. Conclusao: Nossos dados revelam um aumento
no consumo de alguns ATMs durante o periodo de pandemia em macrorregides especificas do Brasil, as cinco ma-
crorregides apresentaram padrodes diferentes de consumo de ATMs.
Descritores: Infeccbes respiratérias agudas. Antimicrobianos. Brasil. COVID-19. Farmacovigilancia.

RESUMEN

Justificacion y Objetivos: El objetivo principal fue analizar el consumo de antimicrobianos (ATMs) sujetos a
retencion de ingresos con indicaciones para el tratamiento de infecciones respiratorias en Brasil de 2014 a 2021.
Métodos: Se trata de un estudio ecoldgico de disefio mixto. Datos secundarios obtenidos del Sistema Nacional de
Gestién de Productos Controlados (SNGPC). Los datos fueron presentados siguiendo la ecuacion: nimero de consumo
total de cajeros automaticos para cada macro regién de Brasil por afio o trimestre / nimero de residentes para cada
macro region por afo *1.000 habitantes. Los datos anuales fueron analizados por Prais-Winsten, y trimestralmente
analizados por regresion paso a paso automatica hacia adelante. Resultados: La region Sur mostrd las mayores
tasas medias de consumo en comparacién con las demas macrorregiones. Para el andlisis anual, la proporcion de
estabilidad, aumento y disminucion de ATMs fue similar entre las macrorregiones. En el trimestre se registré6 aumento
en el consumo de Amoxicilina, Amoxicilina+Clavulanato, Azitromicina y Cefalexina, en conjunto, en las regiones Sur,
Sudeste y Norte. Conclusion: Nuestros datos revelan un mayor consumo de algunos ATMs durante el periodo de la
pandemia en macro regiones especificas de Brasil, las cinco macro regiones han mostrado diferentes patrones de
consumo de ATMs.

Palabras Clave: Infecciones respiratorias agudas. Antimicrobianos. Brasil. COVID-19. Farmacovigilancia.

INTRODUCTION tic, antirheumatic and antiviral.” However, preclinical and

The COVID-19 pandemic has intensified the con- clinical studies failed to prove the action of antimicrobials
cern for the inappropriate use of antimicrobials, once the and oth§r§ upon COVID-19. Only one antiviral treatment
action of these drugs has been discussed and investiga- (remdesivir) was recently approved to treat COVID-19 for

o L
ted regarding the prevention or treatment of this viral specn‘Ilc FZO!’\dItIOI’]S. ) hat Brazil is a |
disease. In this context, pharmacovigilance monitoring tis important to point out that Brazil is a large

becomes essential because these drugs have the poten- country with five macro-regions with distinct aspects
tial effect of triggering antimicrobial resistance, which regarding economic and social features. Socioeconomic

is an additional problem for the health system, with a and demographic factors are possibly interfering with

prospective effect difficult to handle.! The SARS-CoV-2 Lhe acqwsguon fo|‘er95 f‘: ‘Fhe.;{creatmen(;c of th'i w[)al
virus, involved in the COVID-19 disease, weakens the ~C!S€as€ and caninfluence the incidence and mortality by

host's immunity allowing the development of secondary COVID,'lg'g'lo In May 2020, Latin Amer|ca was declared
or bacterial coinfections.? Although studies point out to the ep@enter of the COVID-19 pandemic, mainly because
a low rate of coinfections in patients with COVID-19, the of BraZ|I.11. . )

use of antimicrobials for this condition was high.? Identi- | In this context, as COVID-19 is a dlsegse that can
fying the co-infection acquired after the confirmation of influence the development of other respiratory tract

. . - L .
COVID-19 is essential for the development of appropriate infections,’ the obJe§t|ve of this SF“‘?'V was to.analy.ze
antimicrobial prescribing policies for the treatment.}* the sale of ATMs subject to prescription retention with

The pharmacological approach was one of the first indication for the treatment of respiratory infections in

steps taken in the attempt to control the health crisis Brazil, from 2014 to 2021.
and, even though COVID-19 is a disease of viral origin,
it also included empirical treatment with antimicrobial
drugs with the use for this purpose being off-label.}>¢ METHODS

In addition to antimicrobials, since the beginning of the  Study design

pandemic, different pharmacological classes have been This is a mixed ecological study design for temporal
tested to prevent or treat COVID-19, including antiparasi-  analysis of the consumption of ATMs subjected to pres-
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cription retention to treat respiratory infection diseases
in the pre-pandemic and pandemic periods considering
the five macro-regions of Brazil, and considering the
interference of COVID-19 pandemic.

Ethics

Secondary data was obtained from official open
platforms regarding the consumption of medicines with
prescription retention, such as ATMs. These medicines
are under control of the Brazilian Sanitary Surveillance
Agency (ANVISA). Research projects using this kind of data
are exempt from submission to research ethics committees.

Study area

Brazil is the largest country in South America and
the fifth largest in the world, with more than 210 million
inhabitants and territorial extension approximately 8.5
million km? It comprises 5,570 municipalities and 27
federative units (26 states and the Federal District) that
are divided into five macro-regions (North, Northeast,
Midwest, Southeast and South) established based on
different criteria such as natural, social, cultural, political,
and economic coexisting in the national territory.

Data collection

Data was collected from official websites: Sistema
Nacional de Gerenciamento de Produtos Controlados
(SNGPC) (portal.anvisa.gov.br) and Instituto Brasileiro de
Geografia e Estatistica* This system aims to monitor all
movements of products subject to special control, in accor-
dance with Portaria SVS/MS n°. 344, May 1998. The capture
and analysis of data from the SNGPC was used, observing
the effect of the COVID-19 pandemic on the use of these
drugs. Secondary data was used considering the Brazilian
macro-regions, since socioeconomic and demographic
factors exert an influence on acquisition of medicines.

Time period collection

The data about consumption of these drugs was col-
lected annually from 2014 to 2020, and it was characterized
as the pre-pandemic period. Also, data was collected by
each quarter (1st, 2nd, 3rd, 4th) from January of 2020 until
June of 2021, characterizing only pandemic periods.

Variables

From SNGPC, data was collected as the total of an-
timicrobial presentations commercialized per year from
2014 to 2020. Also, for secondary analysis data was col-
lected as the total number of antimicrobial consumptions
per each quarter from 2020 to 2021. In addition, for the
pandemic period, data from prescribers was collected.

From IBGE, population data and estimates were col-
lected per year from 2014 to 2020. Brazil had an estimate
of 211.755.692 inhabitants on 1st July of 2020 distributed
in five macro-regions (South, Southeast, Midwest, Nor-
theast and North).:?

Data presentation
The dependent variable was the total consumption

of ATMs with prescription retention with indication for
the treatment of respiratory infection diseases, and it was
presented as annual coefficients per 1.000 inhabitants,
using the following equation: number of total consump-
tion of ATMs for each macro-region of Brazil by year/
number of residents for each macro-region per year
*1.000 inhabitants. In this study, the term “consumption”
is used to describe the dispensing of medication to the
population, however, it is pertinent to remember that not
all medication distributed is consumed.

Statistical analysis

Data was extracted from websites; the database
double entry and review were performed using Micro-
soft Excel 2010, the statistical software Stata 11.0 and
SPSS, version 18.0. Quantitative variables were expressed
as mean * standard deviation (xSD) or median and
interquartile range (IQR), defined by the normality test
of Shapiro-Wilk. Qualitative variables were described
by absolute (n) and relative (%) frequencies. Temporal
analysis was performed using the Prais Winsten test from
the STATA package for the data from 2014 to 2020. Addi-
tionally, automatic forward stepwise regression analyses
were conducted considering ATMs consumption from
January of 2020 until June of 2021, individually for each
macro-region of Brazil. As a summary of the proportion
of each variable explained by these models, the final re-
gression standardized coefficient (B) and 95% confidence
interval (95% CI) were calculated. The significance level
adopted for all analysis was set at 5%.

RESULTS

Annual data analysis of ATMs consumption from
2014 to 2020

The annual mean rates and standard deviations
of ATMs consumption for each macro-region of Brazil
from 2014 to 2020 were described in table 1 regarding
the 21 ATMs selected for this study. It is observed that
the highest mean consumption rates of the 21 ATMs stu-
died are in the Southern, Midwestern and Southeastern
regions, with emphasis in the Southern region, which
registered 71.43% of these highest rates, followed by the
Midwestern region, with 23.81%, and from the Southe-
astern region, with 4.76%. On the other hand, the lowest
average rates were recorded in the North, with 66.67%,
and the Northeast, with the remaining 33.33%.

Table 2 shows the trend recorded in annual ATM
consumption data for the period from 2014 to 2020, in
each of the macro-regions of Brazil. Among the drugs
analyzed, it is observed that Ampicillin and Erythromycin
showed a reduction of sales over the period under study
for all macro-regions. Such behavior was also registered
for Amoxicillin+Sulbactam, except for the Northeastern
macro-region, which showed stability in sales.

On the other hand, there was an increase in con-
sumption of Cefuroxime, Clindamycin, Doxycycline and
Moxifloxacin in most of the macro-regions. The excep-
tions were the stability observed in the Northern region
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for Cefuroxime, in the Midwest for Clindamycin, in the
Southern region for Doxycycline, and in the Northeast
for Moxifloxacin. There was also stability in consumption
during the study period recorded for Amoxicillin, Azi-
thromycin, Cephalexin, Ceftriaxone and Penicillin G, in all
macro-regions of Brazil (table 2).

Considering the behavior of the 21 ATMs analyzed
in the period from 2014 to 2020, it was observed that
in all macro-regions there was stability in annual con-
sumption for most of these medicines (47.6% for the
Southeastern macro-region and 57.1% for the other four
macro-regions) (table 3).

Trimestral data from 2020 to 2021 - during pandemic
period

Trimestral consumption of ATMs from January of
2020 until June of 2021 is expressed as cumulative fre-
quencies (consumption percentage (%) per 1,000 inhabi-
tants) by ATMs in figure 1 (and figures in the supplemen-
tary material). Intentionally, there was no parametrization

in the scale of the data on the y-axis to facilitate the
graphical visualization of the linear regression results.

The summary report of automatic forward stepwise
regression analysis considering ATMs consumption from
January of 2020 until June of 2021, individually for each
macro-region of Brazil, is displayed in table 4. Briefly,
Amoxicillin, Amoxicillin+Clavulanate, Azithromycin, and
Cephalexin consumption (% per 1,000 inhabitants),
together, increased in the Southern (p<0.0001), the Sou-
theastern (p=0.022) and the Northern (p=0.035) regions,
but decreased in the Midwestern (p<0.0001) and Northe-
astern (p<0.0001) regions. Erythromycin consumption (%
per 1,000 inhabitants) reduced in the South (p=0.012),
the Midwest (p<0.0001) and the Northeast (<0.0001)
regions but increased in the Southeast (p<0.0001) and
the North (<0.0001) regions. Cefuroxime, Cefadroxil, Cef-
triaxone, Doxycycline, and Norfloxacin consumption (%
per 1000 inhabitants), together, reduced in the Southern
(p=0.002), the Southeastern (p=0.002), the Midwestern
(p<0.0001), and the Northeastern (p<0.0001) regions, but
increased in the Northern (p=0.001) region.

Table 1. Mean rates of total drug presentations in the macro-regions of Brazil from 2014 to 2020.

South Southeast Midwest Northeast North

Drugs Mean SD Mean SD Mean SD Mean SD Mean sD
Penicillin class
Amoxicillin 100.82 2936 74.80 13.86 58.26 11.07 34.43 10.66 27.26 2.12
Amoxicillin + Clavulanate 89.52 18.78 67.21 13.17 66.78 2217 32.55 8.31 17.32 2.94
Amoxicillin + Sulbactam 0.74 0.31 1.08 0.50 1.10 0.39 0.84 1.14 0.20 0.07
Ampicillin 2.56 0.66 1.51 0.44 1.81 0.45 1.44 0.42 2.24 0.54
Penicillin G 517 1.03 2.65 0.62 412 1.33 341 0.94 2.42 0.67
Macrolides class
Azithromycin 103.36  27.64 7412 13.04 74.70 22.94 38.48 7.52 40.14 13.12
Clarithromycin 3.24 0.58 5.96 1.18 11.96 21.87 1.70 0.31 1.58 0.21
Erythromycin 091 0.82 0.71 0.67 0.60 0.56 0.46 0.46 0.48 0.50
Cephalosporin class
Cefaclor 8.01 11.39 5.23 4.41 4.96 1.28 1.32 0.34 2.09 0.43
Cefadroxil 5.90 0.50 717 0.49 19.32 19.85 8.89 5.43 3.56 0.25
Cephalexin 90.51 17.90 77.38 8.48 63.82 6.40 43.46 8.33 40.29 2.79
Ceftriaxone 18.41 2.40 11.47 1.84 13.05 1.99 5.82 0.73 4.16 0.66
Cefuroxime 471 1.26 4.79 0.99 3.62 1.36 1.34 0.36 0.84 0.19
Quinolone class
Ciprofloxacin 50.22 15.54 37.97 4.16 33.33 3.18 2312 7.86 19.88 1.35
Levofloxacin 55.36 21.40 27.64 5.10 25.77 13.52 13.86 591 17.14 18.39
Moxifloxacin 6.69 9.10 434 0.54 4.00 0.81 211 0.32 1.42 0.48
Norfloxacin 14.32 8.73 8.61 1.96 12.57 18.57 451 5.00 2.10 0.57
Lincosamides class
Clindamycin 3.90 0.80 5.00 1.22 6.76 5.69 1.89 0.74 1.38 0.46
Tetracycline class
Doxycycline 6.26 1.19 513 1.07 5.55 1.51 2.20 0.53 2.48 0.52
Tetracycline 5.02 0.36 3.65 0.25 2.80 0.33 0.96 0.10 0.72 0.09
Sulfonamide class
Sulfamethoxazole + Trimethoprim 17.92 151 14.00 0.94 24.29 22.06 11.08 5.30 12.39 6.08

SD: Standard Deviation.
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Table 2. Tendency coefficients of total drug presentations in the macro-regions of Brazil from 2014 to 2020.

South Southeast Midwest Northeast North
Drugs Coef. (C195%) *p-value Coef. (C195%) *p-value Coef. (C195%) *p-value Coef. (CI95%) *p-value Coef. (C195%) *p-value
Penicillin class
Amoxicillin -1.83(-13.029.35  0.691 -3.57 (-11.424.28)  0.295 -047(-2.88 1.94)  0.638 0.01(-6.95 6.97)  0.997 048(-0.25 1.21)  0.141
Amoxicillin + Clavulanate 5.11(-0.77 10.98)  0.076 2.85(-3.88 9.59) 0.326 6.34(-1.36 14.04)  0.088 2.60(0.09 5.11)  0.045 1.25(0.68 1.82)  0.004
Amoxicillin + Sulbactam  -0.13(-0.19-0.08)  0.001°  -0.16(-0.28 -0.05)  0.016° -0.13(-0.22 -0.04) 0.012° -0.03(-0.56 0.50)  0.882  -0.03(-0.04 -0.02) <0.001°
Ampicillin -0.30(-0.34-0.27) <0.001°  -0.19(-0.25 -0.14) <0.001° -0.20(-0.26 -0.15) <0.001°  -0.20(-0.22 -0.17) <0.001° -0.25(-0.37 -0.12) 0.004°
Penicillin G -0.03(-0.59 053)  0.887 0.10 (-0.22 0.42) 0.455 0.07 (-0.72 0.86) 0.824 0.18(-0.24 0.60) 0330 0.14(-0.13 041) 0.246
Macrolides class
Azithromycin 0.61 (-14.47 15.69) 0.921 3.93(-0.26 8.11) 0.061 535(-3.23 13.92) 0170 -0.19(-351 3.13)  0.891 1.13(-554 7790  0.682
Clarithromycin 0.13(0.01 0.24)  0.037 0.11 (-0.07 0.30) 0.169 0.10 (-10.11 10.30)  0.982 0.03(-0.08 0.14)  0.498 0.08(0.01 0.14)  0.024°
Erythromycin -036(-049 -0.23) 0.001°  -030(-0.39 -0.21) <0.001° -0.26(-032 -0.19) <0.001°  -0.20(-0.26 -0.14) <0.001° -0.21(-0.30 -0.13) 0.001°
Cephalosporin class
Cefaclor -0.41(-5.89 5.07)  0.854 -0.50(-2.68 1.67)  0.579 -049(-0.83 -0.15)  0.014° -0.13(-0.23 -0.03)  0.022° -0.15(-0.32 0.03)  0.080
Cefadroxil 0.25(0.21 0.28)  <0.001® 0.20(0.18 0.23)  <0.001° -1.76 (-10.47 6.95)  0.625 0.15(-2.51 2.80)  0.892 0.07(-0.01 0.16)  0.085
Cephalexin 2.18(-5.04 939) 0473 -1.80 (-5.61 2.02)  0.280 1.26 (-2.03 4.55) 0.369 -0.38(-4.11 335 0.804 0.66 (-0.77 2.09)  0.289
Ceftriaxone -0.17 (-0.88 0.53)  0.558 -0.06(-0.95 0.84)  0.874 0.07 (-0.99 1.14) 0.864 0.01(-0.36 0.38)  0.947 0.08(-0.27 0.44) 0571
Cefuroxime -0.17 (-0.88 0.53)  0.005 0.45(0.25 0.66) 0.003¢ 0.64 (0.45 0.84)  <0.001° 0.16 (0.09 0.23)  0.002 0.06(-0.04 0.17) 0184
Quinolone class
Ciprofloxacin -1.18(-7.25 4.89)  0.638 -1.59(-3.15 -0.03)  0.047° 0.34(-1.70 2.37) 0.690 1.57(-044 357)  0.101 -049(-1.16 0190 0123
Levofloxacin -0.78 (-3.45 1.89)  0.488 0.01 (-2.66 2.68) 0.990 0.41 (-6.27 7.09) 0.880 1.85(0.82 2.88)  0.006° 0.32(-8.30 8.94) 0928
Moxifloxacin 278 (0.57 499)  0.023¢ 0.20 (0.07 0.33) 0.010° 0.30(0.03 0.56) 0.035 0.09(-0.04 0.22)  0.136 0.21(0.14 0290  0.001*
Norfloxacin -243(-5.77 090)  0.120 -0.89 (-1.13 -0.65) <0.001° 499 (0.29 9.70) 0.041° 1.20(-0.10 2.49)  0.063  -0.26(-0.31 -0.22) <0.001°
Lincosamides class
Clindamycin 0.43(042 044)  <0.001° 0.55(0.45 0.66)  <0.001° 0.47(-2.19 3.12) 0.670 0.36(0.33 0.39)  <0.001° 0.22(0.18 0.26) <0.001°
Tetracycline class
Doxycycline 0.42(-0.01 0.85)  0.055 0.42(0.13 0.71) 0.014 0.77 (0.65 0.88)  <0.001° 0.24(0.16 032)  0.001° 0.19(0.03 036)  0.031°
Tetracycline -0.09 (-0.27 0.09)  0.261 0.01(-0.16 0.18) 0.892 0.12(0.01 0.23) 0.040° 0.05(0.03 0.06) <0.001*  0.03(-0.01 0.07) 0142
Sulfonamide class
Sulfamethoxazole + 0.51(0.25 0.77)  0.005 0.31(0.18 0.44) 0.003¢ 0.60(-9.86 11.05)  0.889 -0.34(-2.71 2.03)  0.725 -1.12(-3.85 1.61)  0.340

Trimethoprim

?Ascending tendency: positive coefficient and p-value < 0.05. *Decreasing tendency: negative coefficient and p-value < 0.05. Stable tendency: p-value > 0.05 (Prais Winsten test).

Table 3. Summary of the analysis based on tendency coefficients of total drug presentations in the macro-regions
of Brazil from 2014 to 2020.

Drugs

South

Southeast

Midwest

Northeast

North

Penicillin class

Amoxicillin

Amoxicillin+Clavulanate

Amoxicillin+Sulbactam
Ampicillin

Penicillin G
Macrolides class
Azithromycin
Clarithromycin
Erythromycin
Cephalosporin class
Cefaclor

Cefadroxil
Cephalexin
Ceftriaxone
Cefuroxime
Quinolones class
Ciprofloxacin
Levofloxacin

Moxifloxacin
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Norfloxacin 1 - 1
Lincosamides class
Clindamycin 1 - 1 1
Tetracycline class
Doxycycline 1 1 1
Tetracycline 1 1 -
Sulfonamide class
Sulfamethoxazole+Trimethoprim 1 - - -
1 increased consumption; | decreased consumption; - no alteration.
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Table 4. Summary of automatic forward stepwise regression analysis considering ATMs trimestral consumption from
January 2020 until June 2021, individually for each macro-region of Brazil.

ATMs Southern region (n=126) *p-value
Standardized B (95%CI)
(Adjusted R?) = 0.631
Amoxicillin + Sulbactam -8.434 (-15.031 - -1.838) 0.013
Clarithromycin 7.878 (-14.475 - -1.282) 0.020
Erythromycin -8.499 (-15.095 - -1.902) 0.012
Ampicillin, Cefaclor -8.146 (-13.361 - -2.931) 0.002
Cefuroxime, Cefadroxil, Ceftriaxone, Doxycycline, Norfloxacin -6.760 (-10.932 - -2.588) 0.002
Amoxicillin, Amoxicillin + Clavulanate, Azithromycin, Cephalexin 16.728 (12.365 - 21.091) <0.0001
Clindamycin, Moxifloxacin, Penicillin G, Tetracycline -7.466 (-11.830 - -3.103) 0.001
Ciprofloxacin, Levofloxacin, Sulfamethoxazole + Trimethoprim 02 NA
F(7,118) = 31.596, p<0.0001. ° It is redundant. NA: not applicable.
ATMs Southern region (n=126) *p-value
Standardized B (95%CI)
(Adjusted R?) = 0.860
Amoxicillin + Sulbactam -4.103 (-6.739 - -1.467) 0.003
Clarithromycin -4.231 (-6.867 - -1.595) 0.002
Erythromycin 21.754 (19.118 - 24.390) <0.0001
Ampicillin, Cefaclor -4.009 (-6.645 - -1.373) 0.003
Cefuroxime, Cefadroxil, Ceftriaxone, Doxycycline, Norfloxacin -4.316 (-6.953 - -1.680) 0.002
Amoxicillin, Amoxicillin + Clavulanate, Azithromycin, Cephalexin 3.081 (0.445 - 5.717) 0.022
Clindamycin, Moxifloxacin, Penicillin G, Tetracycline -3.693 (-6.329 - -1.057) 0.006
Ciprofloxacin, Levofloxacin, Sulfamethoxazole + Trimethoprim -2.574 (-4.727 - -0.422) 0.020
F(12,113) = 65.199, p<0.0001.
ATMs Southern region (n=126) *p-value
Standardized B (95%CI)
(Adjusted R?) = 0.573
Amoxicillin + Sulbactam -18.568 (-23.773 - -13.363) <0.0001
Clarithromycin -18.743 (-23.948 - -13.538) <0.0001
Erythromycin -18.302 (-23.507 - -13.097) <0.0001
Ampicillin, Cefaclor -17.506 (-22.711 - -12.301) <0.0001
Cefuroxime, Cefadroxil, Ceftriaxone, Doxycycline, Norfloxacin -18.865 (-24.070 - -13.660) <0.0001
Amoxicillin, Amoxicillin + Clavulanate, Azithromycin, Cephalexin -11.345 (-16.550 - -6.140) <0.0001
Clindamycin, Moxifloxacin, Penicillin G, Tetracycline -17.228 (-22.433 - -12.023) <0.0001
Ciprofloxacin, Levofloxacin, Sulfamethoxazole + Trimethoprim -17.911 (-23.116 - -12.706) <0.0001
F(12,112) = 13.908, p<0.0001.
ATMs Southern region (n=126) *p-value
Standardized B (95%CI)
(Adjusted R?) = 0.808
Amoxicillin + Sulbactam -0.147 (-1.733 - 1.438) 0.854
Clarithromycin -0.535 (-2.120 - 1.050) 0.505
Erythromycin 13.599 (12.014 - 15.184) <0.0001
Ampicillin, Cefaclor -0.563 (-2.149 - 1.022) 0.483
Cefuroxime, Cefadroxil, Ceftriaxone, Doxycycline, Norfloxacin 2.624 (1.038 - 4.209) 0.001
Amoxicillin, Amoxicillin + Clavulanate, Azithromycin, Cephalexin 1.708 (0.122 - 3.293) 0.035
Clindamycin, Moxifloxacin, Penicillin G, Tetracycline 0.192 (-1.394 - 1.777) 0.811
Ciprofloxacin, Levofloxacin, Sulfamethoxazole + Trimethoprim -0.331 (-1.917 - 1.254) 0.680

F(12,113) = 44.824, p<0.0001.

B: final regression standardized coefficient. 95%CI: 95% confidence interval (lower and upper limits). R% corrected goodness-of-fit (model accuracy) measure for linear models.

DISCUSSION

The behavior observed in the consumption of
ATMs in this study is quite variable considering the
five macro-regions of Brazil. However, our data reveals
an increased consumption of some ATMs during the
pandemic period in specific macro-regions of Brazil. The
Southern region (71.43% of the 21 ATMs) showed the
highest mean rates of consumption compared to the
other macro-regions. For annual analysis (2014 to 2020),

the proportion of stability (10 or 12 of 21), increase (5 or
6 of 21) and decrease (3 to 5 of 21) of ATMs consumption
was similar among macro-regions, with consumption
stability exceeding 50% in all of them. On the other hand,
we found an effect of the pandemic on the consumption
of ATMs. The quarterly analysis revealed an increased
consumption of amoxicillin, amoxicillin+clavulanate, azi-
thromycin and cephalexin in the Southern, Southeastern
and Northern macro-regions, with a decrease in the Mi-
dwest and Northeast.
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ATMs mean rates of consumption from 2014 to 2020

The Southern macro-region presented the highest
mean rates. This macro-region has different weather
conditions linked to a more rigorous winter than the
other regions of Brazil. It is the coldest region of the
country, where, during the winter, there are frosts and
even snow in some places. Due to the low temperatures,
it is common for people to stay longer indoors, which fa-
cilitates the spread of respiratory diseases, increasing the
incidence of these diseases, and consequently increasing
the consumption of ATMs.}* Often, this high ATMs con-
sumption can be related to its inappropriate use in the
treatment of viral respiratory infections.’>1® High mean
consumption rates were also concentrated in the Sou-
theast. In contrast, the North and Northeast, in general,
presented a record of lower mean rates of presentations
sold of the 21 ATMs. A possible explanation for this could
be the distribution of the mean income of the population
among these macro-regions. The North and Northeast
have low socioeconomic indices, such as income and
schooling.’* It is important to note that these regions
concentrate 60% of the Brazilian territory and more than
35% of the population; however, they hold only 18.8% of
the country's total Gross Domestic Product (GDP). The
contrast with the South and Southeast macro regions
is noticeable, which have only 17.7% of the territory,
but concentrate more than half of the population and
70% of the national GDP; highlighting the inequalities
throughout the Brazilian territory.” However, it was not
possible to analyze and prove this hypothesis due the
economic markers have not been updated.

Annual ATMs consumption from 2014 to 2020

As shown in table 2, it is possible to verify that
amoxicillin, azithromycin, cephalexin, ceftriaxone and
penicillin G were stable in all macro-regions. However,
there was a noticeable increase in the number of ATMs
consumption in specific classes: cephalosporins expe-
rienced a 40% increase, with cefuroxime increasing in 4
out of the 5 macro regions, except for the North where it
remained stable; tetracyclines saw a 100% increase, with
doxycycline increasing in 4 out of the 5 macro regions,
except for the South where it remained stable; quinolones
had a 75% increase, with moxifloxacin increasing in 4 out
of the 5 macro-regions, except for the Northeast where it
remained stable; and lincosamides had a 100% increase,
with clindamycin being the only ATM in this class and
increasing in 4 out of the 5 macro-regions, except for the
Midwest where it remained stable.

Despite the variety of available ATMs, some are well
established for the treatment of conditions. The stability
and increase of these drugs consumption is not easy to
explain. Here are three possibilities: 1. an already high
consumption remained unchanged over the time eva-
luated; 2. they are classic drugs with a well-established
prescription, regardless of whether they are older or
newer drugs; 3. their clinical indications are not necessa-
rily for respiratory , since these drugs are also indicated
for the treatment of other infections such as urinary tract,

skin and soft tissues. In addition, for the prophylaxis in
surgeries, and allergies. It is not uncommon allergies
to penicillin, for example, to require the choice of other
classes of ATMs for treatment, such as Cephalosporins
and Macrolides. Also, azithromycin showed a good acti-
vity against atypical bacteria (Mycoplasma pneumoniae,
Chlamydia pneumoniae, and Legionella species).*® Interes-
ting to note that co-infection of C. pneumoniae and M.
pneumoniae with SARS-CoV-2 is associated with more
severe features.'®

In the same analysis of the annual data, there was
a reduction of total presentations commercialized of
Ampicillin, of the Penicillin class, and Erythromycin, of
the Macrolide class, in all macro-regions of Brazil (table
2). This behavior can be explained by the shortage of
medicines caused by interruption and/or discontinuation
in the production system, which makes access difficult.
Brazil has an external dependence, mainly on China and
India, and imports 70% of its demand. It affects the na-
tional production supply chain's dynamics, as production
can be interrupted due to issues like acquiring active
pharmaceutical ingredients, raw materials used to make
medicines, due to supplier changes or import issues.?°
This was strongly observed during the pandemic period.

Trimestral ATMs consumption from 2020 to 2021 -
during pandemic period

Despite the annual stability of azithromycin, during
the pandemic period (table 4) there was an increase in
consumption rates for the Southern, Southeastern and
Northern macro-regions, with a reduction in the Midwest
and Northeast. For Erythromycin, there was an increase in
the Southeastern and Northern regions (table 4). Although
this increase is statistically significant, it does not represent
a relevant clinical impact, as the mean rates present very
low values in relation to other ATMs, with rates lower than
1% (figure in the supplementary material 1S, 2S and 3S).

Along with azithromycin, an increase in consump-
tion of amoxicillin, amoxicillin+clavulanate and cepha-
lexin was also observed in this period in the Southern
(around 16x), Southeastern (around 3x) and Northern (1.7x)
macro-regions (Table 4). This higher consumption may be
related to the seasonal variation of temperature in the Sou-
thern region, since this increase was around 16x, and the
average income in the Southeast, which is the highest in
the country, as already discussed. On the other hand, the
Midwestern and Northeastern macro-regions registered a
reduction in these ATMs. In agreement with this reduction
registered in the two macro-regions, Buehrle and collea-
gues?! corroborate the record of significant reductions in
mean monthly data throughout 2020, in the United States,
for amoxicillin, azithromycin and amoxicillin+clavulanate,
which may be associated with medical perception that
SARS-CoV-2 does not always require treatment.

Around the world, corroborating our data, it is
possible to observe a trend of decreased ATMs consump-
tion. In Portugal, an immediate decrease in the overall
antibiotic prescription was noticed in outpatient care
at the beginning of the pandemic, in particular classes
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(3rd-generation cephalosporins, fluoroquinolones, and
clarithromycin).?? In Australia, a reduction of 36% in an-
tibiotic dispensing was observed from April 2020, with
large reductions (range 51-69%) regarding antibiotics
for respiratory tract infections.?? In the US, significant
reductions in mean monthly fills of the four commonly
prescribed outpatient antibiotics (i.e., amoxicillin, azi-
thromycin, amoxicillin-clavulanate, doxycycline) persis-
ted throughout 2020.%

The reduction observed in the quarterly consump-
tion for most ATMs during the pandemic may be associa-
ted with the period of social distance experienced, as this
possibly hampered access to health services and conse-
quently to ATMs prescriptions. Even after the regulation
of electronic prescription issuance, in October 2021 in
Brazil, also for antimicrobials.?* Additionally, the use of
masks and hygiene measures, such as washing hands
and using alcohol gel, social distancing and the low mo-
bility of the population also prevented other infections,
especially those of the respiratory tract.?% The reduction
in ATMs consumption in the pandemic period was also
recorded in other countries.?¢?7 It is also noteworthy that
the reduction in consumption may be linked to the eco-
nomic crisis that worsened in the country with the arrival
of the pandemic, which increased the vulnerability of the
population with the reduction of its purchasing power.%

This study has some limitations. First, our intention
was to use the Human Development Index (HDI), GDP and
per capita income data, however they are not updated
annually and 2018 was the latest record. Second, SGNPC
was discontinued to uploading data after September
2021. Third, to define the mean rates presented, the
total population of each macro-region was considered;
however, part of this population has access to medicines
by the public service, which was not included in the study
by considering only data from private establishments.
Fourth, it was not possible to assess if all private esta-
blishments have a registration with the SNGPC, conside-
ring distant cities in Brazil. Another important factor that
should be considered is that it is impossible to evaluate the
sale of the ATMs without prescription, and we are aware of
an illegal market of these medicines. This fact may interfere
with the current data, not showing the real frame of Brazil.

The data of the current study reveals an increa-
sed consumption of some ATMs during the pandemic
in specific macro-regions of Brazil, such as South and
Southeast, and in general, some stability in the North.
It is noticeable that the five macro-regions of Brazil have
shown different patterns of ATMs consumption related to
macro-regional inequalities, both in terms of sociodemo-
graphic data and in relation to access and use of health
services. Moreover, although the prescription of ATMs
and the factors that involve it are widely discussed, so
far there are no studies carried out that cover the period,
all classes and macro-regions addressed in this research,
making it difficult to compare with other results. Thus,
further studies are encouraged to add information regar-
ding ATMs prescription and pandemic periods seeking
more assertiveness in the control of these drugs.
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ABSTRACT

Justification and Objectives: dengue is one of the serious public health concerns in the world, due to the
severity of its infection, which can lead to serious cases and death. The study aimed to analyze the epidemiological
profile of dengue cases as well as their temporal distribution in the municipality of Jaboatdo dos Guararapes-PE befo-
re and during the COVID-19 pandemic. Methods: this is an ecological time series study, with a descriptive character
of suspected cases of dengue in the Notifiable Diseases Information System, from 2018 to 2021. Results: it should
be noted that 2018 had the lowest dengue incidence rate of the years analyzed. The other years had high incidence
rates, however 2020 had a decline in cases when compared to 2019. The year 2021 was marked by the highest number
of cases in the study period. Conclusion: it was possible to observe a seasonal pattern of dengue in 2020 that was
different from other years, with a more pronounced decrease in dengue cases following the arrival of COVID-19 in
the municipality.

Keywords: Dengue. COVID-19. Temporal Distribution. Epidemiology.

RESUMO

Justificativa e Objetivos: a dengue é um dos graves problemas de satude publica no mundo, devido a gravidade
de sua infeccdo, podendo evoluir para casos graves e a 6bito. O estudo teve como objetivo analisar o perfil epidemio-
l6gico dos casos de dengue, bem como sua distribuicdo temporal no municipio do Jaboatdo dos Guararapes-PE antes
e durante a pandemia de COVID-19. Métodos: trata-se de estudo ecoldgico de série temporal, com carater descritivo
dos casos suspeitos de dengue no Sistema de Informagdo de Agravos de Notificagdo, de 2018 a 2021. Resultados:
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TEMPORAL PATTERNS OF PROBABLE DENGUE CASES BEFORE AND DURING THE COVID-19 PANDEMIC, JABOATAO DOS GUARARAPES-PE
Natdlia Ferreira de Sousa, Celivane Cavalcanti Barbosa, Edivdnia Felix dos Santos, Paulino José de Albuquerque Vasconcelos Neto, Emilia Carolle Azevedo de Oliveira.

observou-se que o ano de 2018 apresentou a menor taxa de incidéncia de dengue dos anos analisados. Os demais
anos tiveram altas taxas de incidéncia, no entanto 2020 teve um decréscimo dos casos quando comparado com o ano
de 2019. Ja o ano de 2021 foi marcado pela maior quantidade de casos do periodo temporal de estudo. Conclusao:
foi possivel observar um padrao de sazonalidade da dengue em 2020 diferente dos demais anos, com um decréscimo
mais acentuado dos casos de dengue a partir da chegada da COVID-19 no municipio.

Descritores: Dengue. COVID-19. DistribuicGo Temporal. Epidemiologia.

RESUMEN

Justificacion y Objetivos: el dengue se presenta como uno de los graves problemas de salud publica en el
mundo, debido a la gravedad de su infeccion, que puede provocar casos graves y la muerte. El estudio tuvo como
objetivo analizar el perfil epidemioldgico de los casos de dengue, asi como su distribucion temporal en el municipio
de Jaboatdo dos Guararapes-PE antes y durante la pandemia de COVID-19. Métodos: un estudio de serie temporal
ecoldgica, con caracter descriptivo de casos sospechosos de dengue en el Sistema de Informacion de Enfermedades
de Declaracion Obligatoria, del 2018 al 2021. Resultados: cabe sefialar que el afio 2018 tuvo la tasa de incidencia de
dengue mas baja de los afos analizados. Los demas afios tuvieron altas tasas de incidencia, sin embargo el 2020 tuvo
una disminucion de casos en comparacion con el 2019. El aflo 2021 estuvo marcado por el mayor niumero de casos
en el periodo de estudio. Conclusion: se pudo observar un patron estacional del dengue en el afio 2020 diferente a
otros afios, con una disminucidon mas pronunciada de los casos de dengue tras la llegada del COVID-19 al municipio.

Palabras Clave: Dengue. COVID-19. Distribucion Temporal. Epidemiologia.

INTRODUCTION

Dengue is one of the most serious public health
concerns in the world, due to the severity of its infection
It is an infectious, acute and systemic disease, caused
by the virus of the Flaviviridae family and spread mainly
by the Aedes aegypti mosquito, with the female being
responsible for this transmission.! Dengue can present as
asymptomatic forms or more severe cases, with shock,
intense bleeding and/or organ complications, which can
lead to death.!Its transmission is related to numerous
factors, such as climatic, social, urbanization, sanitation,
environmental, economic and educational conditions.?

In the Northeast, the state of Pernambuco had its
first dengue outbreak in 1987 and currently still has a hi-
gh prevalence scenario.? In 2021, the state had an 89.4%
increase in dengue cases compared to the previous year.
In the municipality of Jaboatdo dos Guararapes, the sce-
nario was no different, as it also showed an increase in
dengue cases when compared to 2020 and 2021.>Further-
more, it is the second most populous municipality in the
state and has marked socioeconomic and demographic
differences,® in addition to a precarious basic sanitation
system,” which have a strong influence on dengue.

During 2020, dengue notifications decreased in the
country when compared to the same period in 2019, a
fact that may be associated with the introduction of the
COVID-19 virus in Brazil from 2020 onwards.?

Since they initially share similar signs and symp-
toms, dengue and COVID-19 can have difficult diagnoses
as well as adequate notifications and management in
the Brazilian healthcare system.® At the same time, the
numerous cases of COVID-19 have had an impact on
healthcare services and neglected the care of diseases

present in the daily routine of the Healthcare Network.1?

A better way to understand the distribution of
dengue in the context of the COVID-19 epidemiological
scenario is through temporal analysis techniques. The-
se can identify non-random patterns and estimate the
effect of external factors on the variation of a time series
of interest, allowing seasonal variations to be detected.!!

Therefore, this study aimed to describe the epide-
miological profile of dengue cases, as well as to analyze
the temporal distribution of these cases in the municipa-
lity of Jaboatdo dos Guararapes before and during the
COVID-19 pandemic, based on the hypothesis that there
was a change in the scenario of this arbovirus after the
introduction of the new coronavirus.

METHODS

This is an ecological time series study with a des-
criptive character. In the research, probable dengue cases
(notified cases, excluding discarded cases) were selected
in the period preceding the COVID-19 pandemic (2018 to
2019) and during the pandemic (2020 to 2021).

The study took place in Jaboatdo dos Guararapes,
located in the state of Pernambuco, northeastern Brazil,
which makes up the metropolitan mesoregion of Recife,
being the second most populous municipality in the state.
It is divided into seven regions and 27 neighborhoods.®
It has a territorial area of 258,724 km? and a population
density of 2,491.82 inhabitants/km? with an estimated
population of 711,330 people in 2021 and a Human De-
velopment Index of 0.71.5

The data used in this study were extracted from the
Notifiable Diseases Information System (SINAN - Sistema
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de Informacdo de Agravos de Notificacdo) of the Municipal
Health Department of Jaboatédo dos Guararapes, through
notification forms. The database was subsequently clea-
ned to remove duplicates, inconsistencies and incomple-
teness. The population data for calculating the indicators
were obtained from the Brazilian Institute of Geography
and Statistics (IBGE - Instituto Brasileiro de Geografia e
Estatistica) for each year analyzed.

Concerning the completion of the fields from
notification forms, those that were blank or filled in as
“ignored” were considered incomplete. Therefore, only
variables classified as excellent and regular were considered
in this study, according to criteria of Oliveira et al. (2009),*2
being 290% and between 70% and 89%, respectively.

Thus, the variables used to describe the epidemio-
logical profile of notified dengue cases were sex, age,
clinical signs, preexisting diseases and final classification,
which were described by means of absolute and relative
frequency as well as organized in a table. Regarding the
final classification of cases, for the notified cases that
exceeded the 60-day deadline for closure, the system
automatically categorizes them as inconclusive.

The incidence rate of dengue by year of onset of
symptoms, used to calculate the time series of probable
cases, was calculated as follows: number of probable
cases in each year, divided by the study area population
in the same year, multiplied by 100,000 inhabitants. The
classification of dengue incidence according to the Bra-
zilian National Dengue Control Program occurs as: low
incidence: less than 100 cases/100,000 inhabitants; medium
incidence: 101 to 299 cases/100,000 inhabitants; and high
incidence: 300 or more cases/100,000 inhabitants.:®

The analysis of the time series of dengue cases in the
municipality was performed using the joinpoint regression
model (version 4.9.1.0). This model allows us to observe
whether a line with multiple segments is, according to
statistics, better for developing a temporal evolution of
a given event than a straight line or line with fewer seg-
ments. This, in turn, allows us to observe and identify join-
points of a time series with statistically significant changes.*4

To carry out the study using this model, the Monthly
Percent Change (MPC) was performed for each year of
the study, where each joinpoint indicated a change in the
line. The classification is made as follows: when positive,
it shows growth; when negative, it shows reduction; when
equal to zero, it represents maintenance.’* The MPC was
calculated considering a 95% Confidence Interval and a
5% significance level.

The study was carried out in compliance with ethical
standards required by Resolutions 466/2012, 510/2016
and 580/2018 of the Ministry of Health, and was approved
by the Faculdade Tiradentes do Jaboatao dos Guararapes
(FTJG) Research Ethics Committee (REC), under Opinion
5,554,360 and CAAE (Certificado de Apresentacdo para
Apreciacdo Ftica - Certificate of Presentation for Ethical
Consideration) 58177722.3.0000.872, on August 1, 2022.

RESULTS

During the study period, 18,427 probable cases of
dengue were identified, 347 in 2018, 4,848 in 2019, 3,414
in 2020, and 9,818 in 2021.

It was observed that probable cases of dengue were
more frequent in females (54.57%) and in the age group
between 20 and 39 years (37.55%). The main signs and
symptoms found were fever (87.61%), headache (67.32%),
and myalgia (65.61%). As for preexisting diseases, the one that
presented most frequently was hypertension (1.16%) (Table 1).

In relation to the incidence of probable dengue ca-
ses, the following rates were noted: 52.75 cases/100,000
inhabitants. In 2018, it could be classified as having a low
incidence, while in the other years, they presented high
incidence rates, being: 693.30 cases/100,000 inhabitants
(in 2019); 481.99 cases/100,000 inhabitants (in 2020); and
1,375 cases/100,000 inhabitants (in 2021).

It is possible to observe a reduction in the inciden-
ce rate of dengue in 2020 from February onwards. This
decrease intensified with the introduction of the new
coronavirus in the municipality, represented by the red
dot, as well as with the insertion of a contingency plan
against COVID-19, represented by the green dot in April
2020, a period in which municipal services are subject to
restrictions and their priorities are directed towards the
new coronavirus pandemic (Figure 1).

It is possible to observe that, in May 2020, there
was a 94% reduction in incidence (incidence rate =
6.37 cases/100,000 inhabitants) compared to May 2019
(incidence rate = 112.63 cases/100,000 inhabitants).
In contrast, in May 2021, the incidence rate was 276.52
cases/100,000 inhabitants, which represents a growth of
97.7% compared to the same month in 2020.

Regarding the temporal trends in this study, it was
observed that only 2018 did not present any statistically
significant trend. Regarding the other years, only 2020
had a declining trend (MPC -31.5), whereas in other
years these trends were positive compared to the first
months of the year (January to May 2019 and January
to April 2021), which represents an increase in dengue
cases during this period. When analyzing all the years in
this study (2018 to 2021), 2021 presented the greatest
increasing trend of the years analyzed (MPC 226.2) and
had two trends, initially increasing (January to April) and,
subsequently, decreasing (July to December) (Table 2).

Figure 2 shows the trend in the incidence rates of
probable dengue cases, observed and adjusted, in the
years analyzed, and the joinpoints of the series. The year
2018 (Figure 2A), even though it did not present signifi-
cant changes, had two joinpoints: June and September.
As for 2019 (Figure 2B), the points were in May and Oc-
tober. In 2020 (Figure 2C), the points were in May and
August, and in 2021 (Figure 2D), in April and July.
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Table 1. Epidemiological variables of probable dengue cases from 2018 to 2021. Jaboatdo dos Guararapes, Pernam-

buco, Brazil.
2018 N (347) 2019 N (4,848) 2020 N (3,414) 2021 N (9,818) TOTAL N (18,427)
Variables N % N % N % N % N %
Sex
Male 168 48.41 2,259  46.60 1516 4441 4,400 4482 8,343  42.28
Female 179 51.59 2,589 5340 1,891 55.39 5396  54.96 10,055  54.57
Ignored/blank 0 0.0 0 0.0 7 0.21 22 0.22 29 0.16
Age group
0to 9 years 69 19.88 594 12.55 374 10.95 1,084  11.04 2,121 11.51
10 to 19 years 91 26.22 1,179 2432 370 10.84 1,408  14.34 3,048 1654
20 to 39 years 118 34.01 1,840 3795 1,420 41.59 3,542 36.08 6,920 37.55
40 to 59 years 53 15.27 895 18.46 908 26.60 2,681 2731 4,537 24.62
60 years or older 14 4.03 312 6.44 304 8.90 977 9.95 1,607 8.72
Ignored/blank 2 0.58 28 0.58 38 111 126 1.28 194 1.05
Clinical signs
Fever 344 99.14 4,413 91.03 2,871 84.09 8,516  86.74 16,144 8761
Myalgia 270 77.81 3,221 6644 2,035 59.61 6,564  66.86 12,090  65.61
Headache 259 74.64 3,267 67.39 2,155 63.12 6,724 68.49 12,405  67.32
Rash 67 1931 1,039 2143 706 20.68 3,288 3349 5100 2768
Vomiting 115 33.14 1,263 26.05 614 17.98 1,471 14.98 3,463 18.79
Nausea 53 15.27 866 17.86 449 13.15 1,155 11.76 2,523 13.69
Back pain 11 317 226 4.66 242 7.09 869 8.85 1,348 7.32
Conjunctivitis 2 0.58 58 1.20 28 0.82 129 131 217 118
Arthritis 2 0.58 98 2.02 111 3.25 189 1.93 400 217
Severe arthralgia 73 21.04 923 19.04 907 26.57 4,919 50.10 6,822 37.02
Petechiae 7 2.02 180 371 94 2.75 401 4.08 682 3.70
Leukopenia 7 2.02 104 2.15 37 1.08 75 0.76 223 121
Positive tourniquet test 1 0.29 24 0.50 18 0.53 23 0.23 66 0.36
Retroorbital pain 57 16.43 856 17.66 534 15.64 2,568  26.16 4,015 2179
Ignored/blank 0 0.0 96 1.98 98 2.87 215 219 409 2.22
Preexisting diseases
Diabetes 0 0.0 39 0.80 25 0.73 48 0.49 112 0.61
Hematological diseases 0 0.0 10 0.21 10 0.29 24 0.24 44 0.24
Liver diseases 0 0.0 17 0.35 12 0.35 16 0.16 45 0.24
Chronic kidney disease 0 0.0 10 0.21 8 0.23 15 0.15 33 0.18
Hypertension 2 0.58 72 1.49 44 1.29 96 0.98 214 1.16
Acid-peptic disease 1 0.29 10 0.21 12 0.35 24 0.24 47 0.26
Autoimmune diseases 1 0.29 10 0.21 11 0.32 31 0.32 53 0.29
Ignored/blank 0 0.0 96 1.98 98 2.87 215 219 409 2.22
Final classification
Dengue 303 87.32 557 11.49 60 176 115 117 1,035 5.62
Dengue with warning signs 40 11.53 33 0.68 6 0.18 8 0.08 87 0.47
Severe dengue 2 0.58 3 0.06 4 0.12 0 0.0 9 0.05
Inconclusive 2 0.58 4,203 86.70 3,312 97.01 9,581 97.69 17108  92.84
Ignored/blank 0 0.0 52 1.07 32 0.94 104 1.06 188 1.02

Table 2. Analysis of temporal trend of incidence of probable dengue cases per 100,000 inhabitants between 2018

and 2021. Jaboatdo dos Guararapes, Pernambuco, Brazil.

Trend 1 Trend 1
Year Period MPC 95% CI Period MPC 95% CI
2018 - - - July-December - -
2019 January-May 99.1 38.1to 1871 July-December - -
2020 January-May -31.5 -48.8t0 -8.5 July-December
2021 January-April 226.2 342106929 July-December -36.4 -57.3t0 -5.4

Note: MPC - Monthly Percent Change; Cl - Confidence Interval.
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Figure 1. Incidence rate of probable dengue cases per 100,000 inhabitants, from 2018 to 2021. Jaboatdo dos Guara-
rapes, Pernambuco, Brazil.
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Figure 2. Time trend of observed and adjusted incidence rate of probable dengue cases per 100,000 inhabitants and
joinpoints, from 2018 to 2021. Jaboatdo dos Guararapes, Pernambuco, Brazil

DISCUSSION 20 and 39 years were the mos'F gffeFted by 'dengue. In
a study carried out in the municipality of Primavera do

In this study, we sought to analyze the temporal Leste-MT, between 2014 and 2017, a higher occurrence
pattern of dengue cases from 2018 to 2022 to analyze was also observed in this population.® The predominan-
the influence of COVID-19 in this period. When analyzed, ce of cases in this population can be explained by the fact
the variables female gender and the age group between that they are the most economically active age group and
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move around the most.

The greater incidence of the female population may
be associated with a greater demand for healthcare ser-
vices and more time spent in the home and peridomestic
environment, places where there is a greater predisposi-
tion to mosquito dispersion.’®

When analyzing clinical variables, the most pre-
valent preexisting disease was hypertension, which was
also present in greater numbers in a study carried out
in Goiania.’” the main signs and symptoms found were
fever, headache and myalgia. These may also be present
in other pathologies, including COVID-19,'¥1° since, in the
initial stages, dengue and COVID-19 share similar signs
and symptoms, allowing for erroneous diagnoses and,
consequently, undernotification of arbovirus cases.

Moreover, the healthcare system was focusing its
actions on the pandemic caused by the new coronavirus
and its human resources were mainly directed towards
combating COVID-19. Likewise, restrictions on services
and transportation, as well as recommendations to stay
at home, may have made it difficult for users to access
healthcare services, especially primary care, 2! supporting
the hypothesis of undernotification of dengue in 2020.

The aforementioned situations may have contributed
to the scenario observed in the municipality under study.
When analyzing the COVID-19 epidemiological bulletin
version 275, from Jaboatdo dos Guararapes,? it is possible
to observe that the peaks of COVID-19 cases in 2020, in the
municipality, occurred at the end of April and beginning of
May as well as deaths, mostly caused by the new coronavi-
rus that occurred in May of the same year, a time when there
was a sharper decrease in dengue cases in the municipality.

The findings of this study also demonstrate in-
creasing temporal trends in dengue cases in the first
months of 2019 and 2021, represented by positive MPC.
However, 2020 presented a different scenario from the
others in relation to this problem, a fact that may also
have been triggered by the consequences arising from
the COVID-19 pandemic.

The year 2021 was marked by a considerable increase
in dengue cases in Jaboatao dos Guararapes, similar to some
findings of a study that analyzed cases of arboviruses in the
state of Amazonas, between 2018 and 2022.22In this rese-
arch, it was observed that the largest number of cases was
also found in 2021, and they attributed this fact to COVID-19,
associating it with the justification of a greater search by the
population for testing for the coronavirus; with this, individuals
ended up being considered suspects for dengue.

Itis also possible to observe the seasonality pattern
of dengue, since it showed increasing incidence curves in
the first months of the year, with the exception of 2020,
which presented an atypical scenario compared to the
others. The first five months of the year are characterized
by high temperatures and greater humidity, which favor
an increase in the incidence of dengue.t®

Studies report that, in addition to climatic condi-
tions, other factors are associated with the emergence of
dengue cases, such as disorderly population growth, po-
or sanitation conditions, inadequate housing, no running

water, sanitation and open sewage, disorganization of cities,
with inadequate infrastructure, deficiencies in garbage col-
lection, in addition to cultural and educational factors.?*?>

As it is one of the most populous municipalities in
the state of Pernambuco and is a large urban center, it
has peculiarities such as accelerated urbanization, social
inequality, high consumption of industrialized and dispo-
sable products that consequently create conditions and
environments favorable to outbreaks of the disease. The
combination of these factors predisposes to a high inci-
dence of dengue, as seen in most of the years analyzed
in the study (2019, 2020 and 2021).

According to the Instituto Trata Brasil (2022) the
municipality also has a precarious sewage and basic sani-
tation system with around 79% of water supply in homes.
A study carried out in northeastern Brazil found that the
most populous municipalities had a higher incidence rate
of dengue and also observed a correlation between lack
of access to piped water and its incidence. * A popula-
tion that does not have access to running water ends up
storing this resource incorrectly, predisposing it to the
emergence of arboviruses.

The present study made it possible to identify and
associate its findings with the reality of Jaboatdo dos
Guararapes, and, therefore, contributed to greater epide-
miological knowledge of dengue in the municipality and
its presentation during the COVID-19 pandemic.

With the decrease in notified dengue cases in 2020
and their explosion in 2021, it is suggested that health-
care professionals, especially those involved in primary
care, health surveillance, and municipal management,
monitor this condition more closely. There is also a need
for greater attention to timely closure of cases as well
as an alert for municipal planning in interventions in the
face of new syndemics.

Regarding limitations, since this is a study produced
from a secondary database, there is the possibility of
reporting bias, which may present inconsistencies in the
quantity, quality and processing of information. There
were also restrictions on the variables analyzed due to the
low percentage of completion of notification forms. These
variables include race/color, education, case classification,
confirmation/discard criteria and case evolution. However,
even with these circumstances, the study was able to analyze
the temporal patterns of dengue in the municipality.

In fact, improving the socio-environmental condi-
tions of a population and raising awareness is a path that
can be effective against the spread of the mosquito and the
occurrence of the disease. Finally, the knowledge provided
in this study allows us to assess the health situation regar-
ding dengue notifications before and during the COVID-19
pandemic, in order to subsidize healthcare professionals,
with the aim of reducing the burden of dengue.
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ABSTRACT

Background and objectives: During the SARS-CoV-2 pandemic, reduction in detection of other Respiratory
Viruses (RV) was observed. Epidemiological studies are needed to understand the impact of the pandemic on the
circulation of RV. The aim of this study is to analyze the epidemiological profile of cases of severe acute respiratory
infection (SARI) associated with the main RV in hospitalized patients from Rio Grande do Sul, Brazil (RS), between
2010 and 2019 (period A) and between 2020 and 2021 (period B). Methods: Data related to SARI cases in RS were
retrieved from SIVEP-Gripe. Results: In period A there were more infections with Influenza, Parainfluenza, Adenovirus
and Respiratory Syncytial Virus, while in period B most cases were of SARS-CoV-2 infection. The most affected age
groups were individuals <5 years old (67.1%) in period A, and >60 years old (50%) in period B. The main symptoms
were fever and cough in period A, and dyspnea and O, saturation <95% in period B. The most reported comorbidities
were lung diseases and chronic cardiovascular diseases in period A, and chronic cardiovascular diseases and diabetes
mellitus in period B. Importantly, a higher fatality rate was observed in period B. Most cases occurred between May
and July in period A, and in November and December 2021 in period B. Conclusion: This study reveals that the CO-
VID-19 pandemic changed the epidemiological profile of SARIin RS, and most cases were in the elderly with chronic
cardiovascular disease and diabetes mellitus.

Keywords: Coronavirus Infections. Epidemiological Monitoring. Severe Acute Respiratory Syndrome.

RESUMO

Justificativa e Objetivos: Durante a pandemia de SARS-CoV-2 foi observada reducdo na deteccdo de outros
virus respiratérios (VR). Estudos epidemioldgicos sdo importantes para uma melhor compreensao dos impactos
da pandemia sobre a circulacdo de VR. O objetivo deste estudo foi analisar o perfil epidemioldgico dos casos de
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sindrome respiratoria aguda grave (SRAG) associados aos principais VR em pacientes internados no Rio Grande
do Sul, Brasil (RS), entre 2010 e 2019 (periodo A) e entre 2020 e 2021 (periodo B). Métodos: Dados relacionados a
casos de SRAG no RS foram obtidos do SIVEP-Gripe. Resultados: No periodo A houve mais infec¢cbes por Influenza,
Parainfluenza, Adenovirus e Virus Sincicial Respiratério, enquanto no periodo B a maioria foi por SARS-CoV-2. Os
grupos etarios mais afetados foram de individuos <5 anos de idade (67,1%) no periodo A, e >60 anos (50%) no
periodo B. Os principais sintomas foram febre e tosse no periodo A, e dispneia e saturagdo de O, <95% no periodo
B. As principais comorbidades no periodo A foram pneumopatias e cardiopatias, enquanto no periodo B foram
cardiopatias e diabetes mellitus. A mortalidade foi maior no periodo B. A maioria dos casos no periodo A foram entre
maio e julho, e no periodo B entre novembro e dezembro de 2021. Conclusao: Este estudo revela que a pandemia
de COVID-19 alterou o perfil epidemioldgico de SRAG no RS, sendo a maioria dos casos em individuos idosos com
doenca cardiovascular e diabetes.
Descritores: Infeccbes por Coronavirus. Monitoramento Epidemioldgico. Sindrome Respiratéria Aguda Grave.

RESUMEN

Justificacion y Objetivos: Durante la pandemia por SARS-CoV-2 se observo reduccion en la deteccion de otros
virus respiratorios (VR). Los estudios epidemioldgicos son importantes para comprender los impactos de la pandemia
en la circulaciéon de VR. Este estudio analizd variables epidemioldgicas asociadas al Sindrome Respiratorio Agudo
Grave (SRAG) en Rio Grande do Sul (RS), Brasil, antes de la aparicion del SARS-CoV-2 (periodo A, 2010-2019) y durante
la pandemia (periodo B, 2020-2021). Métodos: Los datos relacionados con los casos de SRAG en RS se obtuvieron
de SIVEP-Gripe. Resultados: En el periodo A hubo més infecciones por Influenza, Parainfluenza, Adenovirus y Virus
Respiratorio Sincitial, mientras que en el periodo B la mayoria de los casos fueron causados por SARS-CoV-2. Los
grupos de edad mas afectados fueron <5 afios (67,1%) en el periodo A, y >60 afios (50%) en el periodo B. Los princi-
pales sintomas fueron fiebre y tos en el periodo A, y disnea y saturacion de O, <95% en el periodo B. Las principales
comorbilidades en el periodo A fueron enfermedades pulmonares y cardiacas, y en el periodo B fueron enfermedades
cardiacas y diabetes mellitus. La mortalidad fue mayor en el periodo B. La mayoria de los casos en el periodo A fueron
entre mayo y julio, y en el periodo B entre noviembre y diciembre. Conclusiones: Este estudio revela que la pandemia
de COVID-19 cambié el perfil epidemioldgico del SRAG en RS. La mayoria de los casos se dan en personas de edad
avanzada con enfermedades cardiovasculares y diabetes.

Palabras Clave: Infecciones por Coronavirus. Monitoreo Epidemiolégico. Sindrome Respiratorio Agudo Grave.

INTRODUCTION refore, a lower number of SARI cases associated with
other RV were reported;> noteworthy, pandemic control
measures may also have impacted the circulation of other
viruses. Moreover, the emergence of a given RV such as
SARS-CoV-2 can affect the dynamics of other RVs in the
population.?1° In this sense, analyses of the circulation
of different RV during epidemic and pandemic events
are important to better understand the epidemiology
of viral respiratory infections in different scenarios and
the factors that may contribute for differences in viral
circulation. Such studies contribute to the prevention and
control of outbreaks and epidemics.

The aim of this study was to analyze the epidemio-
logical profile of cases of respiratory infection associated
with the main RVs in hospitalized patients from RS, be-
tween 2010 and 2019 (period A) and between 2020 and
2021 (period B).

Acute respiratory infections are a global health
problem, with high morbidity and mortality.! Respiratory
viruses (RVs) can infect the upper and lower respiratory
tract, leading to symptoms such as fever, headache, cou-
gh, chills, among others. The clinical spectrum can vary
from mild cases of acute respiratory infection (ARI) to
cases of Severe Acute Respiratory Infection (SARI).?

Epidemiological surveillance of RVs is paramount
for disease control and prevention. In Brazil, surveillance
of RVs is based on case notification and collection of
nasopharyngeal samples from patients for laboratorial
analysis, which is performed in public laboratories throu-
ghout the country, including State Central Laboratories
(LACEN) and the National Influenza Centers (NIC). Cases
of SARI are notified in the Influenza Epidemiological
Surveillance Information System (SIVEP-Gripe) of Brazil .2

Rio Grande do Sul (RS) is one of the states with the
highest incidence of viral respiratory infections in the

country.37 During the first two years of the coronavirus METHODS

disease 2019 (COVID-19) pandemic, caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
the health network focused efforts for the identification
and confirmation of COVID-19 cases, with detection of
SARS-CoV-2 becoming a priority over other RV. The-

This study evaluated data from laboratory analyses
performed at the Central Public Health Laboratory of
Rio Grande do Sul (LACEN-RS) for detection of RVs in
respiratory secretion samples from patients with SARI
hospitalized in RS between January 1, 2010 and June 30,
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2021. Laboratory data were provided by LACEN-RS, whi-
ch is responsible for performing surveillance of RVs in RS
and diagnosis of viral infection based on viral detection
by RT-gPCR and immunofluorescence assays in samples
collected from patients in public or affiliated hospitals in
all 497 RS municipalities. All analyses are performed ba-
sed on validated protocols as described elsewhere.Z467 It
is important to note that samples from period A were first
tested for influenza viruses; when negative for influenza
viruses, samples were tested for other RVs.

Demographic and clinical data related to each SA-
RI case were retrieved from the SIVEP-Gripe system and
provided by the State Health Surveillance Center (CEVS-RS).
The following data were obtained for epidemiological
analysis: sex, age, clinical symptoms, comorbidities, result
of RV investigation, outcome, and length of stay in the
hospital (LOS). The monthly averages of the maximum
and minimum temperatures (in °C) in RS were obtained
from the National Institute of Meteorology (INMET) to
associate seasonality with the peak period of each RV.

The databases used contain raw data, which passed
inclusion and exclusion criteria, in addition to statistical
analyses. The inclusion criteria were: a) total data on
SARI cases for absolute numbers; b) data with laboratory
examination by gqPCR, RT-qPCR or immunofluorescence
for any RV and with result “Detected”, for analysis of RV;
¢) the respiratory viruses analyzed were: hPIV, HAdV, RSV,
IAV/IBV, SARS-CoV-2; d) cases notified between January
1, 2010 and June 30, 2021. Data from individuals without
SARI symptoms and from individuals that were tested
only for influenza viruses were excluded.

The database was used for stratification and was
later exported for data analysis in the R v.3.6.3 software
statistical package. Data presentation was performed
through Residual Analysis and Chi-square tests. Results
were considered significant when p<0.0001 for Chi-square
and >1.96 for Residual Analysis. Mean values, percentage
or absolute data for quantitative variables were also used.
To assess the existence of significant differences in LOS
— number of days from date of admission in the hospital
to date of evolution (cure or death) —, the Mann-Whitney
test was performed for two independent samples; the
significance level a=0.05 was used.

This study is part of projects approved by the
Ethics Committee of UFCSPA which are registered on
Plataforma Brasil (CAAE 75118217.9.0000.5345; CAAE
75357417.1.0000.5345; CAAE 30714520.0.0000.5345). The
research was conducted in accordance with the required
ethical standards from Resolutions 466/2012, 510/2016
and 580/2018, from the Brazilian Ministry of Health.

RESULTS

Data from 29,902 SARI cases from period A and
128,642 cases from period B were analyzed. Table 1
presents the number of cases according to RV, showing
the total number of cases and the percentage in relation
to the total number of positive cases for the analyzed
RV. The analysis of adjusted residues (res.adj) reveals
that IAV/IBV, hPIV-1, hPIV-2, hPIV-3, HAdV and RSV were
more detected in period A than period B (res.adj=196.81,
31.27, 14.91, 66.07, 62.62, 202.15), while SARS-CoV-2 was
the main virus detected in period B (res.adj=307.69).

Regarding the sex of the individuals, 52.5% of SARI
cases in period A and 53.8% in period B were male, with
no differences between sexes. Table 2 shows the age pro-
file of SARI cases caused by different respiratory viruses
in RS in periods A and B. In period A, there were more
cases among individuals aged <1, 1-5, 6-11 and 12-19
(res.adj= 199.19, 123.02, 42.32, 23.25, respectively), while
in period B there were significantly more cases in the
age groups 20-39, 40-59 and 260 (res.adj= 16.27, 50.33,
72.10, respectively). The Chi-square test reveals that there
is an association between the age of the patients and the
period (pre-pandemic and pandemic, p<0.0001).

As shown in Table 3, cough, fever, dyspnea, and
sore throat were the symptoms analyzed in both periods,
whereas other symptoms were evaluated separately be-
cause not all of them were reported in both periods. The
frequency of cases with fever and cough was higher in
period A (res.adj=24.67, 9.27 respectively), while dyspnea
and sore throat were more reported in period B (res.
adj=19.51, 21.26); our analysis revealed an association
between patients' symptoms and period (p<0.0001). In
period B, dyspnea was the most predominant symptom,

Table 1. Number of SARI cases caused by the respiratory viruses analyzed in this study.

Period B (2020-2021), N (%)

Variable Period A (2010-2019), N (%)
Notified cases 29902
Positive for respiratory viruses? 9310 (31.1)
Influenza® 3875 (41.6)
hPIV® 581 (6.2)
hPIV-1 108 (18.6)
hPIV-2 23 (4.0)
hPIV-3 450 (77.5)
HAdV® 416 (4.5)
RSV® 4438 (47.7)
SARS-CoV-2° 0 (0)

128642
89915 (69.9)
18 (0.02)
6(0.01)

6 (100)

0(0)

0(0)

10 (0.01)
370 (0.4)
89511 (99.6)

N: number of cases. ? Percentage of positive cases in relation to the total number of notified cases. ® Percentage of cases for the specified respiratory virus in relation to the total
number of positive cases for respiratory viruses. In the case of influenza virus, IAV and IBV were not specified.
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Table 2. Age profile of SARI cases caused by different respiratory viruses in Rio Grande do Sul between 2010 and

2019 (Period A) and between 2020 and 2021 (Period B).

Age (years) Influenza hPIV-1 hPIV-2 hPIV-3 HAdV RSV SARS-CoV-2 All respiratory
N (%) N (%) N (%) N (%) N (%) N (%) N (%) viruses, N (%)
PERIOD A
<1 519 (13.6) 47 (43.5) 14 (60.9) 333 (74.0) 209 (50.2) 3290 (74.1) 0(0) 4412 (47.6)
1-5 559 (14.6) 40 (37.0) 2(87) 97 (21.6) 157 (37.7) 949 (21.4) 0(0) 1804 (19.5)
6-11 217 (5.7) 7 (6.5) 1(4.4) 4(0.9) 8(1.9) 34(0.8) 0(0) 271 (2.9)
12-19 177 (4.6) 1(0.9) 1(4.4) 2(0.4) 14 (3.4) 12 (0.3) 0(0) 207 (2.2)
20-39 589 (15.4) 3(2.8) 2(87) 1(0.2) 10 (2.4) 27 (0.6) 0(0) 632 (6.8)
40-59 868 (22.7) 3(2.8) 0(0) 5(1.1) 12 (2.9 43 (1.0) 0(0) 931 (10.1)
>60 899 (23.5) 7 (6.5) 3(13.0) 8(1.8) 6(1.4) 83(1.9) 0(0) 1006 (10.9)
PERIOD B
<1 2(11.1) 3(50.0) 0(0) 0(0) 8(80.0) 253 (68.4) 219 (0.2) 485 (0.5)
1-5 2(11.1) 3(50.0) 0(0) 0(0) 1(10.0) 89 (24.1) 169 (0.2) 264 (0.3)
6-11 1(5.6) 0(0) 0(0) 0(0) 0(0) 7(1.9) 91(0.1) 99 (0.1)
12-19 0(0) 0(0) 0(0) 0(0) 1(10.0) 4(1.1) 327 (0.4) 332 (0.4)
20-39 1(5.6) 0 (0) 0(0) 0(0) 0(0) 5(1.4) 11327 (12.7) 11333 (12.6)
40-59 7(38.9) 0(0) 0(0) 0(0) 0(0) 1(0.3) 32347 (36.1) 32355 (36.0)
>60 5(27.8) 0(0) 0(0) 0(0) 0(0) 11 (3.0 45031 (50.3) 45047 (50.1)

N: number of cases of the respective respiratory virus in the specified age group. %: Percentage of cases in the age group in relation to the total number of cases of the respective

respiratory virus.

Table 3. Symptoms observed in SARI cases by different respiratory viruses in Rio Grande do Sul between 2010 and

2019 (Period A) and between 2020 and 2021 (Period B).

Symptom Influenza hPIV-1 hPIV-2 hPIV-3 HAdV RSV SARS-CoV-2
N/t2 (%)

PERIOD A

Fever 3518/3852 (91.3) 99/108 (91.7)  22/23(95.7)  424/449 (94.4) 401/415(96.6) 4012/4423 (90.7) 0/0 (0)
Cough 3578/3849 (93.0) 102/108 (94.4)  23/23 (100)  430/447 (96.2) 398/414 (96.1)  4257/4425 (96.2) 0/0 (0)
Dyspnea 2959/3823 (77.4) 89/108 (82.4)  22/23(957)  418/443 (94.4) 370/414 (89.4)  3977/4396 (90.5) 0/0 (0)

Sore throat 996/3364 (29.6)  13/77 (16.9) 2/12 (16.7) 12/151(7.9)  37/200 (18.5) 173/2152 (8) 0/0 (0)
Myalgia 1349/2914 (46.3)  11/55 (20.0) 3/9(33.3) 11/108 (10.2)  33/111 (29.7)  169/1681 (10.1) 0/0 (0)
PERIOD B

Fever 14/18 (77.8) 6/6 (100) 0/0 (0) 0/0 (0) 10/10 (100) 225/335 (67.2) 50481/77738 (64.9)
Cough 13/18 (72.2) 6/6 (100) 0/0 (0) 0/0 (0) 4/10 (40) 326/357 (91.3) 61423/79717 (77.1)
Dyspnea 15/17 (88.2) 5/6 (83.3) 0/0 (0) 0/0 (0) 7/10 (70) 252/337 (74.8) 72180/83555 (86.4)
Sore throat 3/18 (16.7) 0/6 (0) 0/0 (0) 0/0 (0) 1/9 (11.11) 7/285 (2.5) 17103/67250 (25.4)
Respiratory distress ~ 15/17 (88.2) 4/6 (66.7) 0/0 (0) 0/0 (0) 6/10 (60) 274/342 (80.1) 60140/78254 (76.9)
Saturation 02 < 95%  11/17 (64.7) 2/6 (33.3) 0/0 (0) 0/0 (0) 5/9 (55.56) 203/331 (61.3) 67652/82115 (82.4)
Diarrhea 2/17 (11.8) 2/6 (33.3) 0/0 (0) 0/0 (0) 2/9 (22.22) 21/288 (7.3) 14208/67280 (21.1)
Vomiting 2/17 (11.8) 3/6 (50) 0/0 (0) 0/0 (0) 2/9 (22.22) 50/292 (17.1) 8146/65776 (12.4)
Fever 14/18 (77.8) 6/6 (100) 0/0 (0) 0/0 (0) 10/10 (100) 225/335 (67.2) 50481/77738 (64.9)

7 Number of cases positive for the respective respiratory virus with a given symptom (N) in relation to the total of answers for that symptom (t).

observed in 86% of the cases. Other symptoms were
included in the notification forms of SARI in period B,
including respiratory distress (in 77% of the cases), O, sa-
turation <95% (82%), diarrhea (21%) and vomiting (12%).

Table 4 presents comorbidities observed in SARI
cases in periods A and B. Chronic cardiovascular disease,
chronic kidney disease and immunodeficiency/immuno-
suppression were reported in all years between periods
A and B. As revealed by the analysis of adjusted residuals,
the percentage of cases that presented immunodefi-
ciency/immunosuppression and chronic kidney disease

was significantly higher in period A (res.adj=30.96, 6.42,
respectively). There was no significant difference between
the two periods regarding the frequency of patients with
chronic cardiovascular disease (res.adj=0.02). The Chi-squa-
re test reveals that there is an association between the
patients' comorbidities and the period (p<0.0001).

In period A, 6.7% of the patients with respiratory
viral infection died, whereas in period B the fatality rate
was higher, reaching 37%. In this sense, “cure” was asso-
ciated with period A (res.adj=57.73), while “death” was as-
sociated with period B (res.adj=57.73). The chi-square test
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Table 4. Comorbidities observed in SARI cases by different RV in RS between 2010 and 2019 (Period A) and between 2020

and 2021 (Period B).

Comorbidity/Risk factor Influenza hPIV-1 hPIV-2 hPIV-3 HAdV RSV SARS-CoV-2
PERIOD A - N/t (%)

Chronic cardiovascular disease 600/3552 (16.9) 7/99 (7.1) 2/20 (10.0) 14/393 (3.6) 12/348 (3.5) 122/3981 (3.1) 0/0 (0.0)
Chronic kidney disease 121/3545 (3.41) 1/99 (1.0) 1/20 (5.0 1/393 (0.3) 2/349 (0.6) 13/3982 (0.3) 0/0 (0.0)
Immunodeficiency/immunosuppression  263/3534 (7.4) 4/98 (4.1) 1/20 (5.0) 4/393 (1.0) 12/346 (3.5) 55/3978 (1.4) 0/0 (0.0)
Chronic lung diseases (2010-2018) 734/3299 (22.3) 15/94 (16.0) 2/19(10.5) 73/385(19.0)  71/325(21.9) 535/3878 (13.8) 0/0 (0.0)
Smoking (2010-2018) 1/49 (2) 0/10 (0.0)  1/6(16.7) 0/36 (0) 1/42 (2.4) 10/717 (L.4) 0/0 (0.0)
Asthma (2019) 50/253 (19.8) 2/6 (33.3) 1/1 (100) 3/7 (42.9) 10/23 (43.5) 40/109 (36.7) 0/0 (0.0)
Other chronic lung diseases (2019) 42/253 (16.6) 0/5 (0) 0/1 (0) 2/7 (28.6) 3/23 (13.0) 7/109 (6.4) 0/0 (0.0)
Obesity (2019) 18/249 (7.2) 0/5 (0) 0/1 (0) 0/6 (0) 0/23 (0.0) 1/108 (0.9) 0/0 (0.0)
PERIOD B - N/t (%)

Chronic cardiovascular disease 3/10 (30) 1/3 (33.3) 0/0 (0) 0/0 (0) 0/4 (0) 13/83 (15.7) 31524/51833 (60.8)
Chronic kidney disease 1/10 (10) 0/3 (0) 0/0 (0) 0/0 (0) 0/4 (0) 0/80 (0) 3397/42165 (8.1)
Immunodeficiency/immunosuppression 2/10 (20) 1/3 (33.3) 0/0 (0) 0/0 (0) 0/4 (0) 5/80 (6.3) 2953/42089 (7.0)
Chronic hematological disease 0/10 (0) 1/3 (33.3) 0/0 (0) 0/0 (0) 0/4 (0) 1/81 (1.2) 710/41536 (1.7)
Down's syndrome 0/10 (0) 1/3 (33.3) 0/0 (0) 0/0 (0) 0/4 (0) 4/82 (4.9) 246/41652 (0.6)
Chronic liver disease 0/10 (0) 0/3 (0) 0/0 (0) 0/0 (0) 0/4 (0) 1/80 (1.3) 1044/41564 (2.5)
Asthma 2/10 (20) 1/3 (33.3) 0/0 (0) 0/0 (0) 0/4 (0) 24/83 (28.9) 3735/42446 (3.8)
Diabetes mellitus 2/10 (20) 0/3 (0) 0/0 (0) 0/0 (0) 0/4 (0) 5/83 (6.0) 21893/48674 (44.9)
Chronic neurological disease 1/10 (10) 0/3 (0) 0/0 (0) 0/0 (0) 1/4 (25) 13/83 (15.7) 4784742700 (11.2)
Other chronic lung diseases 2/10 (20) 0/3 (0) 0/0 (0) 0/0 (0) 1/4 (25) 4/81 (4.9) 4625/42730 (10.8)
Obesity 1/9 (11.1) 0/3 (0) 0/0 (0) 0/0 (0) 0/4 (0) 2/81 (2.5) 12593/44709 (28.2)
Puerperal 0/10 (0) 0/3 (0) 0/0 (0) 0/0 (0) 0/4 (0) 0/81 (0) 187/41506 (0.5)

@ Number of cases positive for the respective respiratory virus with a given symptom (N) in relation to the total of answers for that comorbidity (t).

Table 5. SARI cases by RV according to the month in Period A (2019-2020) and Period B (2020 and 2021).

Influenza hPIV-1 hPIV-2 hPIV-3 RSV SARS-CoV-2

PERIOD A 2010-2019
January 16 4 3 10 4 -
February 10 2 1 2 8 -
March 89 17 2 3 62 -
April 682 19 4 4 253 -
May 799 17 2 7 972 -
June 786 10 2 23 1392 -
July 814 5 1 25 1193 -
August 372 6 6 70 428 -
September 167 9 0 114 101 -
October 54 7 2 109 18 -
November 59 6 0 59 4 -
December 26 6 0 24 3 -
Total 3874 108 23 450 4438 -
PERIOD B 2020
January 5 0 0 0 2 0
February 3 2 0 0 3 0
March 2 4 0 0 3 230
April 2 0 0 0 0 648
May 0 0 0 0 0 1027
June 3 0 0 0 0 2644
July 0 0 0 0 0 4929
August 0 0 0 0 1 4468
September 0 0 0 0 0 3050
October 1 0 0 0 0 3323
November 0 0 0 0 0 5479
December 0 0 0 0 0 5698
Total 16 6 0 0 9 31496
PERIOD B 2020
January 1 0 0 0 2 4642
February 1 0 0 0 5 13812
March 0 0 0 0 19 16671
April 0 0 0 0 137 8902
May 0 0 0 0 136 10912
June 0 0 0 0 62 3076
Total 2 0 0 0 361 58015
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with Yates' correction showed that there is an association
between patient outcomes and period (pre-pandemic or
pandemic, p<0.0001).

The average length of stay in the hospital (LOS) was
11 days in both periods. Statistical analysis revealed a
significant difference between periods (W = 1116421728,
p-value < 2.2e-16). The mean LOS in period A was 11.21
days (+ 0.127 days), and in period B 11.57 days (+ 0.039
days) (data not shown).

The monthly number of SARI cases positive for each
respiratory is shown in Table 5. Data related to period B
was obtained until June 2021; to avoid bias when com-
paring period B with period A (which contains data from
January to December of all years), period B was divided
into two segments (period B-2020 and period B-2021).

In period A, most infections occurred between April
and August. There was a predominance of Influenza and
RSV between April and August (3,453 and 4,238 cases,
respectively), with the number of cases decreasing in late
winter and early spring (221 and 119 cases, respectively).
HAdV circulated mainly in autumn (90 cases) and spring (282
cases). Regarding hPIV, the dominant type was hPIV-3, with
peaks in spring (282 cases) and winter (118 cases); whereas
most cases of hPIV-1 were observed during fall (53 cases),
and of hPIV-2 in winter (9 cases) and autumn (8 cases).

In period B, no cases of hPIV-2 and hPIV-3 in-
fection were reported, whereas six (6) cases of hPIV-1
were reported between February and March 2020.
Nine (9) cases were positive for HAdV between January
and April 2020, and one (1) case in May 2021. There
were few cases of RSV in 2020 (9 cases), but in 2021
361 cases of RSV were reported between January and
June. Regarding influenza viruses, there were only 18
confirmed cases as of June 2021.

DISCUSSION

The first cases of SARS-CoV-2 infection occurred in
China in December 2019. The COVID-19 pandemic was
declared in March 2020,** and RS had the first case on
March 10, 2020.12 This study analyzed SARI cases asso-
ciated with RV infection in hospitalized patients along 10
years before the COVID-19 pandemic and during the
first 18 months of the pandemic in the State of Rio
Grande do Sul (RS), Brazil. Data related to cases noti-
fied in the SINAN and SIVEP-Gripe systems between
January 2010 and June 2021 were assessed to build
two databases, one with data of SARI cases before the
COVID-19 pandemic (period A, 2010 to 2019: 29,902
cases), and the other with data of SARI cases during
the first two years of the COVID-19 pandemic (period
B, 2020 to 2021: 128,642 cases).

The most detected RVs among SARI patients in
period A were IAV/IBV and RSV, which is in accordance
with data from epidemiological bulletins in the state.!®
These RV were also detected in some cases in period B,
with more cases of RSV than of Influenza (370 and 18 ca-
ses, respectively). In 2021, RSV was the only RV detected
in samples of patients with SARI that were negative for

SARS-CoV-2, and 335 of 361 RSV-positive cases occurred
during autumn and winter, when temperatures are a little
above 10°C. Between September and December, when
minimum and maximum temperatures in RS are around
15°C-21°C and 23°C-29°C, respectively, there were more
cases of Influenza than RSV.

In period A, a significant number of SARI cases du-
ring spring was associated with hPIV-3 infection; hPIV-1,
on the other hand, circulates mainly during the autumn.
This finding corroborates a previous study that analyzed
cases of hPIV-1, hPIV-2, and hPIV-3 along 28 years in
RS that found hPIV-3 to be the most common type of
parainfluenza virus among hospitalized individuals.’

HAdV had a peak in the number of cases in July and
August, however with fewer cases than other RVs. Cases
of HAdV were also reported in January, like other HAdV
studies in RS in years prior to 2020.*

In 2020, the first year of the COVID-19 pandemic,
a significant number of SARS-CoV-2 infections were
observed during winter (July and August), however the
months with the highest number of cases in 2020 were
November and December, which may be associated with
non-seasonal causes posed by the pandemic.

In period B, circulation of other RVs in RS was more
common during autumn and winter, corroborating other
studies.*¢714 The seasonal occurrence of RV diseases in
temperate regions, with more respiratory diseases during
colder seasons, as is the case of RS, may be related to
factors such as higher replication of some RV at lower
temperatures and higher transmission among individuals
because of closed and less-ventilated environments.

Regarding the age of patients with SARI associated
with RV infection, the most affected age group was <1
yearin period A, and 260 years in period B. Additionally, in
period A there were more patients aged <5 years (67.1%),
while in period B most cases were in adults aged 20 to
59 years (48.6%) and elderly >60 (50.1%). Our results cor-
roborate studies performed in RS and in other Brazilian
regions.>#1516In our study, only 0.54% of the individuals
with SARI due to SARS-CoV-2 were children. As discus-
sed in other studies, the prevalence of asymptomatic
COVID-19 in children is likely to be underestimated.’®

The most common symptom presented in period
A was cough, reported by 95% of patients, followed by
fever (91%). In period B, dyspnea and O, saturation <95%
were the most common symptoms, corroborating other
findings in Brazil.® Fever and cough are the most com-
mon symptoms in cases of RV infection, however dysp-
nea and low O, saturation are criteria for classification of
SARL? Therefore, the COVID-19 pandemic clearly caused
an increase in cases of SARI.

Individuals with comorbidities such as cardiovas-
cular disease and chronic respiratory diseases, and with
other risk factors such as smoking, pregnancy and immu-
nosuppression, are more susceptible to severity in case
of respiratory viral infection.1462° In the present study,
the most common comorbidities in period A were respi-
ratory diseases (asthma, lung diseases and other chronic
lung diseases), with 58% of the patients having at least
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one of these comorbidities. In period B, the most com-
mon comorbidities were chronic cardiovascular disease,
diabetes and obesity (present in 60.7%, 44.9% and 28.1%
of the patients, respectively). The findings of the present
study corroborate previous studies reporting chronic
cardiovascular disease as the most common comorbidity
associated with COVID-19, also being a risk factor for
adverse prognosis.?0-22

In period A, the percentage of individuals with a
given comorbidity was similar among the SARI cases
regardless of the viral type; in contrast, the most com-
mon comorbidities observed in period B were mainly
in individuals infected by SARS-CoV-2. This might have
contributed for a higher fatality in period B compared to
period A (37% and 6.7%, respectively), considering that
patients with some comorbidities are more susceptible
to developing severe COVID-19.1520-24

Positive cases for IAV/IBV, hPIV-1, hPIV-2, hPIV-3,
HAdV and RSV viruses decreased significantly after
the emergence of SARS-CoV-2, corroborating findings
of another study in RS.2%° Studies conducted in other
countries also found a decrease in the circulation of
other respiratory viruses during the first months of the
COVID-19 pandemic, which has been attributed to the
effectiveness of the public health measures adopted to
reduce SARS-CoV-2 transmission.®%

This study analyzed data from the epidemiological
surveillance of respiratory infection in Brazil. Prior to 2020,
surveillance of respiratory viruses in Brazil, and globally,
primarily focusing on detecting influenza viruses. This
limited the ability to comprehensively analyze the epide-
miology of other RVs and also hindered the identification
of co-infection cases and their interactions.2**!® The
COVID-19 pandemic demanded health management and
diagnosis efforts to control the spread of SARS-CoV-2,
posing even more limitations to detection of other RVs
in period B.2% The fact that this study was based on the
analysis of a few respiratory viruses and missed many
cases of co-infections represents a limitation of the study
and reinforces the need of a continuous surveillance of
respiratory viruses for control and prevention of epide-
mics. Despite these limitations, the findings presented
herein are important to support policies and guidelines
for the continuous surveillance of different RVs along the
year, to better plan prevention strategies according to
viral seasonality and circulation.

In addition to actions aimed at preventing viral
infections, it is crucial to strengthen the diagnostic and
epidemiological structure to improve monitoring and
control of RV in RS, including genomic surveillance,
which provides information about circulating viral strains
and even strains that might emerge in the region.?%
To achieve this, public policies and health planning
and management actions need to be aligned with the
population's needs. This would allow for greater acces-
sibility to viral detection tests for suspected cases, along
with the implementation of organized and standardized
data recording systems.
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ABSTRACT

Background and Objectives: leprosy is a mycobacteriosis known for centuries and prevalent to this day and,
despite the reduction in the number of cases, it still affects many Brazilians. To this end, this study aimed to assess
the clinical forms of leprosy in the state of Para between 2001 and 2020. Methods: an ecological study was carried
out using data from the Notifiable Diseases Information System (SINAN) of patients with leprosy according to three
classifications, such as notified clinical form, notified operational classification and notified degree of disability, col-
lected between 2001 and 2020. Results: the milder forms of leprosy showed a greater decrease than the more severe
form, combined with a greater drop in cases in the paucibacillary class compared to the multibacillary classification.
Furthermore, grade zero disability showed a large reduction in cases, in contrast to grades one and two, which
remained stationary. Conclusion: despite the evident decrease in leprosy in the state, the most serious forms of the
disease, which are related to higher levels of disability and transmission, showed little reduction.

Keywords: Leprosy. Health Information Systems. Epidemiology. Paucibacillary Leprosy. Multibacillary Leprosy.

RESUMO

Justificativa e Objetivos: a hanseniase é uma micobacteriose conhecida ha séculos e prevalente até os dias
atuais e, apesar da diminuicdo dos nimeros de casos, ainda atinge diversos brasileiros. Para tanto, este estudo tem
como objetivo avaliar as formas clinicas da hanseniase no estado do Para entre 2001 e 2020. Métodos: foi realizado
estudo ecoldgico a partir de dados do Sistema de Informagado de Agravos de Notificacdo (SINAN) de pacientes com
hanseniase de acordo com trés classificagdes, como forma clinica notificada, classificacdo operacional notificada, e
grau de incapacidade notificado, coletados entre os anos de 2001 e 2020. Resultados: as formas mais brandas da
hanseniase tiveram um decrescimento maior do que a forma mais grave, aliado a uma maior queda dos casos da clas-
se paucibacilar em comparagdo com a classificagdo multibacilar. Além disso, o grau zero de incapacidade apresentou
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grande reducdo dos casos, em contraste aos graus um e dois, que se mantiveram estacionarios. Conclusao: apesar
do decréscimo evidente da hanseniase no estado, as formas mais graves da doenca, que estdo relacionadas a maiores
niveis de incapacidade e transmissdo, apresentaram pouca reducdo.

Descritores: Hanseniase. Sistemas de Informacéo em Satde. Epidemiologia. Hanseniase Paucibacilar. Hanseniase
Multibacilar.

RESUMEN

Justificacion y Objetivos: la lepra es una micobacteriosis conocida desde hace siglos y prevalente hasta el dia
de hoyy, a pesar de la reduccion del nimero de casos, todavia afecta a muchos brasilefios. Para ello, este estudio tie-
ne como objetivo evaluar las formas clinicas de lepra en el estado de Para entre 2001 y 2020. Métodos: se realiz6 un
estudio ecoldgico utilizando datos del Sistema de Informacion de Enfermedades de Declaracion Obligatoria (SINAN)
de pacientes con lepra segun tres clasificaciones, tales como forma clinica notificada, clasificacién operativa notifica-
day grado de invalidez notificado, recopiladas entre 2001 y 2020. Resultados: las formas mas leves de lepra tuvieron
una disminucién mayor que la forma mas grave, combinado con una mayor caida de casos en la clase paucibacilar, en
comparacion con la clasificacion multibacilar. Ademas, la discapacidad de grado cero mostré una gran reduccién de
casos, en contraste con los grados uno y dos, que se mantuvieron estacionarios. Conclusiones: a pesar de la evidente
disminucion de la lepra en el estado, las formas maés graves de la enfermedad, que se relacionan con mayores niveles
de discapacidad y transmision, mostraron poca reduccion.

Palabras Clave: Lepra. Sistemas de Informacion en Salud. Epidemiologia. Lepra Paucibacilar. Lepra Multibacilar.

INTRODUCTION A diagnosis of leprosy can be made based mainly
on clinical criteria, analyzing the presence of the main
signs and symptoms characteristic of the disease, such as
loss of local sensitivity, total or partial hair loss, presence
of spots, papules and nodules. Furthermore, there may
be a need to perform a histopathological and bacillos-
copic examination, when clinical examinations alone
do not make it possible to determine a final diagnosis.
This exam consists of an intradermal scraping, used as a
complement, to analyze cases of PB and MB leprosy. In
this exam, the presence of bacilli in the tissue sample is
verified, provided that Mycobacterium leprae is present in
the sample, which may result in a positive sputum smear
microscopy, common in MB types, whereas the opposite
is characteristic of the PB form, with a negative smear
microscopy.?

After diagnosing leprosy, it is necessary to assess
patients’ degree of disability, based on some criteria,
based on the Eyes, Hands, Feet (EHF) score. In general,
this assessment must be carried out at the time of diag-
nosis and after patients progress to cure. The final score
is calculated from the sum of the grades of disability
attributed to the right and left segments of EHF, varying
on a scale from 0 (no loss of disability) to 12 (the highest
grade of impairment of patients). This assessment makes
it possible to analyze the loss of protective sensitivity as
a consequence of a possible neural injury and serve as
an epidemiological indicator used to assess the leprosy
surveillance program in the country.?

In Brazil, many healthcare professionals have little
periodic training for managing and diagnosing the di-
fferent forms of leprosy. Thus, even with the availability
of these complementary tests, the correlation of results

Leprosy is an infectious disease caused by the etio-
logical agent Mycobacterium leprae, which mainly affects
the skin and peripheral nerves, causing deformities and
morphofunctional disabilities with relevant social, emo-
tional and psychological repercussions for individuals
affected by the pathology. In Brazil, it presents itself as
an endemic, neglected disease, with unequal distribution
linked to the condition of poverty, which maintains this
ancient disease as a public health concern, especially in
the North, Northeast and Midwest regions.**

Despite these general characteristics, leprosy has
different clinical forms that are classified according to
paucibacillary (PB) (presence of a low number of bacilli
and lesions on the skin) and multibacillary (MB) charac-
ters (presence of a high number of bacilli and lesions on
the skin), according to the Monitoring and Evaluation
Guide, published by the World Health Organization.
Within the spectrum of PB clinical forms, the initial type
of the disease is indeterminate leprosy, characterized by
hypochromic or erythematous-hypochromic macules,
without variations in relief, with poorly defined limits
and decreased local sensitivity (hypoesthesia). There is
also the tuberculoid form at a milder end, characterized
by skin lesions in plaques with well-defined, elevated,
papular edges and recurrent hypoesthesia. There are
MB forms, which can be moderate, such as dimorphic
leprosy, which is characterized by a variable clinical pre-
sentation, with symptoms ranging from the mildest to
the most severe. Finally, at the most serious end, there is
Virchowian leprosy, with a high bacterial load, in which
individuals present dry, red skin, papules, nodules, mada-
rosis, cramps, tingling and loss of sensitivity.?>-¢
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with observed clinical signs becomes nonspecific and
subjective, generalizing the diagnosis and classifying the
type of disease only when there are very evident signs.
Therefore, there is a need to understand the clinical for-
ms of leprosy, which is an essential factor in the effective
intervention of health actions to combat the progression
and transmission of the disease in northern Brazil. The-
refore, this study aims to assess the evolution of clinical
forms of leprosy in the state of Pard between 2001 and
2020, with the purpose of presenting relevant information
on the subject to the scientific community and healthcare
professionals. Furthermore, the aim is to verify the preva-
lence of the disease, comparing its temporal progression
with that of other locations, in addition to interpreting and
indicating the implications that result from the epidemiolo-
gical overview found in that state.?” Therefore, this work is
justified by the need to analyze the persistence of leprosy in
its most serious forms in the state of Para, which are related
to higher levels of disability and transmission.

METHODS

This is an ecological study that used data made
available by the Brazilian Health System Information
Technology Department (DATASUS - Departamento de
Informdtica do Sistema Unico de Satide) and e-SUS Primary
Care (e-SUS AB - e-SUS Atengdo Bdsica) in the category of
the Notifiable Diseases Information System (SINAN - Siste-
ma de Informagdo de Agravos de Notificacéo). The study was
carried out in the state of Para, which has a population of
8,074 million inhabitants and is 1,248,000 km? in length.
New cases of patients reported with a diagnosis of leprosy
in this state between 2001 and 2020 were considered.

The data collected in DATASUS were acquired fol-
lowing the tabs “Health Information (Tabnet)”, “Epidemi-
ological and morbidity”, in the group “Tuberculosis Cases
“Leprosy Cases - since 2001 (Sinan)”, with geographic
coverage being the state of Para. On the Tabnet 3.0 page,
notified cases of leprosy were collected according to the
municipality of residence, according to classifications:
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notified clinical form; notified operational classification;
and notified degree of disability. As an inclusion criterion,
cases reported and tabulated by date of diagnosis in the
state of Paréa that were diagnosed in 2001 and 2020 were
used. As an exclusion criterion, the elimination of incom-
plete notifications was adopted.

Data were extracted in July 2022 and grouped in
Excel 2016® software. After extraction, the data were
analyzed by IBM SPSS Statistics 21® software, using the
simple linear regression model, expressed in R? which
means how much the dependent variable (number of
cases) is explained by the independent variable (year of
notification), with the maximum being 1, the highest asso-
ciation, and the minimum 0, the lowest association between
the variables. In addition, the percentage variation (A) was
calculated, calculated from the equation (Final value —Initial
value/Initial value) x 100, which means, in percentage, the
change in the number of cases between the years assessed.
Only results with a p-value > 0.05 were considered signif-
icant, ensuring high statistical reliability. This criterion en-
sures that conclusions based on the results are robust and
representative of the study population. To better visualize
the data, Excel 2016® was used to create the graphs.

As it is information in the public domain, the study
was not submitted for assessment by the Research Ethics
Committee (REC), in accordance with CNS Resolution 510
of 2016, article 2, VI.

RESULTS

From 2001 to 2020, 99,205 cases of leprosy were
recorded in Para. The highest frequency was recorded in
2003 (n= 7,053), and the lowest, in 2020 (n = 2,277). The
results indicated a decrease over the years in the detec-
tion rate of the disease, with a greater decrease in the
indeterminate (R?= 0.92; A= -0.83) and tuberculoid (R*=
0.93; A= -0 .87) clinical forms instead of the dimorphic
(R?= 0.52; A= -0.42) and Virchowian (R*= 0.87; A= -0.55)
forms, which showed a smaller drop in the period, as
indicated in Figure 1.

—#&—DIMORPHIC ~ —3¢&=VIRCHOWIAN

Figure 1. New cases of leprosy according to clinical form in the state of Para from 2001 to 2020.
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Figure 2. New cases of leprosy according to the operational classification in the state of Para from 2001 to 2020.
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Figure 3. New cases of leprosy according to the degree of disability in the state of Pard from 2021 to 2020.

As for distribution according to operational classifi- DISCUSSION
cation, the annual numbers of MB cases were higher than
those of PB throughout the assessed period. Further-
more, a greater reduction was identified in PB form (R?=
0.96; A= -87%) when compared to MB form (R?= 0.77;
A= -43%), although both modalities have a decreasing
incidence, as seen in Figure 2. In relation to the grade of
disability assessed, grade zero was the most prevalent
and also had the greatest decline (R?= 0.90; A= -72%);
however, grades one and two showed inconsistent values
and were not considered significant as they resulted in
a p > 0.05, and were therefore considered stationary.
These findings were summarized in Figure 3.

The drop in detection of new cases of leprosy in
Parda, during the time interval assessed, suggests a reduc-
tion in the dimensions and strength of this endemic. This
projection was also confirmed in studies carried out in
the municipality of Sobral-CE and in the states of Alagoas,
Amapa, Tocantins and Goias, covering the last two decades.
These indices are important for continuous monitoring of
the elimination of leprosy as a public health concern; ho-
wever, they should not be used in isolation, and need to
be accompanied by other indicators, such as the number
of cases in children under 15 years of age, to avoid possible
misinterpretations, especially in endemic regions.#*3
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In this context, due to the long incubation period
and the difficult control of leprosy, reduced detection
may result in a lack of adequate diagnosis, which ideally
should be early, with a comprehensive patient assess-
ment, recording degree of disability (measured at zero,
one or two), the operational (PB or MB) and clinical (inde-
termined, tuberculoid, dimorphic or Virchowian) types of
the disease, and should encourage the active search for
those infected, through analysis of the affected person’s
household and social contacts. Such measures are useful
indicators to estimate the veracity of reported statistical
data and, thus, better direct regional actions towards
the correct management of the endemic. However,
measures do not occur effectively in Brazil, allowing an
increase in hidden prevalence, especially at home, late
diagnosis, psychosocial impacts and active transmission
of the disease, in addition to the lack of surveillance and
continuing health education that qualifies professionals
about leprosy.81°

Decreases or increases in new recorded cases may
be related to the various operational conditions of he-
althcare services, such as changes in management, pro-
fessional turnover, decrease or increase in active search,
presence or absence of specific projects and protocols
for surveillance, among others. This information is proven
in other studies. As an example, the project “Innovative
Approaches to Intensify Efforts for a Leprosy-Free Bra-
zil" was indicated as justification for the increase in the
notification of new cases in Brazil in 2017 and 2018, as
it trained Primary Healthcare professionals to diagnose,
treat and prevent the disease.?1°

The study also concluded that leprosy case records
in the general population of Tocantins were boosted
between 2003 and 2008 due to the municipalization of
disease control actions in this state, which increased the
effectiveness of notification coverage by health pro-
grams. Furthermore, other research has highlighted the
importance attributed to the Family Health Strategy in
controlling and reducing the incidence of leprosy, with an
important role in strategic planning, training and coordi-
nation of health teams in surveillance actions, by valuing
diagnosis, treatment, monitoring and active search for
new infected people 811121415

In the present study, the highest frequency was
the dimorphic form, with values decreasing sequentially
in Virchowian, indeterminate and tuberculoid, but this
distribution pattern of the disease was different in other
locations. In new cases of leprosy in the microregion of
Cratels-CE, between 2001 and 2015, the indeterminate
form prevailed (28.93%), then dimorphic (22.48%), and
then tuberculoid, with 18.57%, and Virchowian, with
14.56%, noting that 15.44% of cases were not classified
in clinical terms. In a spatio-temporal distribution of
leprosy in the city of Belém-PA from 2006 to 2015, the
most frequent clinical forms were dimorphic (39.56%),
tuberculoid (26.17%) and Virchowian (21.42%), with a
lower incidence in the indeterminate form.*#13

In relation to operational classification, in this study,
the incidence of MB cases was higher and had a smaller

decrease than that of PB. This reveals the vulnerability in
controlling the disease, supporting the hidden prevalen-
ce, late diagnosis and contagion by leprosy in Para, due
to the active transmission chain linked to the MB form,
which, by promoting a greater bacillary load in the dermis
and mucous membranes, represents the most infectious,
debilitating and segregating leprosy pattern. This slow
reduction in severe forms demonstrates limitations in Pri-
mary Healthcare services, which should mitigate leprosy.
In this regard, the precariousness in monitoring trans-
mission is a major obstacle to controlling the disease, as
there are failures in notifications and in filling out medical
records, making it difficult to break the transmission cycle
through early diagnosis and treatment. Late diagnosis
also limits the epidemiological slowdown, with the active
search for patients being a fundamental combat strategy,
through examination of all contacts of the diagnosed
case, especially those within households.16-%°

This epidemiological configuration of MB sove-
reignty was also mentioned in investigations carried out
in several locations: the proportions of MB remained
higher and constant in Amapa between 2005 and 2018,
but had significant growth in the municipalities of Sobral-
-CE, between 2001 and 2016, Ribeirdo Preto- SP, between
2006 and 2016, and Aracaju-SE, between 2003 and 2017.
There was also an increase in the microregion of Crateus-
-CE, between 2001 and 2015, as well as in the states of
Tocantins, between 2001 and 2012, and Paraiba, between
2008 and 2012. This entire situation proves the sustained
infection that prevails in Brazil, which is disguise by redu-
cing notifications of the disease 81011141619

The predominance of MB forms may also result in
poor reporting of PB forms, as these represent less of
a concern for the population when seeking healthcare
services, except when accompanied by disabilities or le-
prosy reactions. Thus, the sudden reduction in the count
of milder clinical forms (indeterminate and tuberculoid)
tends to express less concern about the initial stages of
the disease. The present study does not exclude such a
possibility, since, in fact, there was a significant decrease
in the registration of PB forms (A= -0.87) during the ti-
me interval investigated. Furthermore, the SARS-CoV-2
pandemic may have interfered with the 2020 numbers,
as there was a general drop in notifiable diseases in the
North, including leprosy, which saw a reduction in all
states. Thus, two possible effects of the pandemic on
the disease are suggested: reduction in contagion, due
to restriction of human contact; population’s difficulty
in accessing healthcare services, which would result in
greater underreporting.t>2

The greater presence of dimorphic and Virchowian
clinical forms and the MB operational classification as
well as their lower rates of reduction expresses concern
regarding physical damage and neural involvement. A
study carried out in a university hospital in northeastern
Brazil, with 73 participants, showed that these more se-
rious forms have a greater potential to cause grade one
physical disabilities, related to reduced sensitivity in EHF.
In this study, they were also the only ones that caused
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grade two physical disability, related to visible deformi-
ties and motor deficiencies in these same organs.?

The present study assessed the progression of clini-
cal forms of leprosy between 2001 and 2020 in Para. The
linear regression analysis allowed us to observe the total
reduction of all clinical forms of leprosy in the period,
noting a greater reduction in indetermined and tubercu-
loid clinical forms, accompanied by a greater reduction in
cases identified as PB. The clinical forms considered more
serious, such as dimorphic and Virchowian, showed a smal-
ler downward trend, as did smear microscopies, identified
as MB, concluding that the most contagious groups that
cause more harm to patients remain in vogue in the state.

A limitation of this study is using secondary data,
which is subject to underreporting or incorrect comple-
tion of notification forms, which may compromise the
obtaining of reliable data. Finally, it is urgent to encou-
rage community access to health information, in order
to avoid a progression in the rate of infections. Hence,
adequate management of affected people, combined
with appropriate public knowledge about leprosy con-
tagion, prevention, symptoms and treatment, is essential
for early detection and combating the disease.

REFERENCES

1. Barcelos RMF, Sousa GS, Almeida MV, et al. Leprosy patients
quality oflife: a scoping review. Revista da Escola de Enfermagem
2021;55:1-12. doi: 10.1590/1980-220X-REEUSP-2020-0357

2. BRASIL. Ministério da Saude. Guia préatico sobre a hanseniase.
Secretaria de Vigilancia Em Satde Departamento de Vigilancia
e Doengas Transmissiveis 2017:70. https://bvsms.saude.gov.br/
bvs/publicacoes/guia_pratico_hanseniase.pdf

3. BRASIL. Ministério da Saude. Estratégia Nacional Para
Enfrentamento Da Hanseniase 2019]2022. 2021. https:/
bvsms.saude.gov.br/bvs/publicacoes/estrategia_nacional_
enfrentamento_hanseniase_2019.pdf

4.  Pinheiro MGC, Lins SLF, Gomes BRS, et al. Analise contextual
da atengdo a saude na alta em hanseniase: uma revisdo
integrativa. Rev Gaucha Enferm 2019;40:1-8. doi: 10.1590/1983-
1447.2019.20180258

5. WHO, World Health Organization. Global Leprosy Strategy
2016-2020. 2020. https://www.who.int/publications/i/
item/9789290225492-2

6. Macedo CS, Lara FA, Pinheiro RO, et al. New insights into
the pathogenesis of leprosy: Contribution of subversion
of host cell metabolism to bacterial persistence, disease
progression, and transmission. FLI000Res 2020;9. doi: 10.12688/
f1000research.21383.1

7. Garcia GSM, Souza EA, Araljo VM, et al. Territério, doengas
negligenciadas e agdo de agentes comunitarios e de combate
a endemias. Rev Saude Publica 2022;56:1-12. doi: 10.11606/
S1518-8787.2022056003730

8. Pereira, TMS, Dias, LD, Silva, OM. Tendéncia temporal da
hanseniase em regido de alta endemicidade do Nordeste
brasileiro. Rev Bras Enferm 2019;72:1424-30. doi: 10.1590/0034-
7167-2018-0682

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Cabral JS, Matos DF, Bezerra LP, et al. Carga Global de Doengas:
Estimativa e tendéncia temporal da carga da hanseniase no
estado de Alagoas, Brasil entre 2001 a 2019. Research, Society
and Development 2022;11:e44511225528. doi: 10.33448/rsd-
v11i2.25528

Basso MEM, Andrade RF, Silva RLF. Trend of epidemiological
indicators of leprosy in an endemic state of the Amazon
region. Rev Gaucha Enferm 2021;42. doi: 10.1590/1983-
1447.2021.20190520

Monteiro LD, Martins-Melo FR, Brito AL, et al. Leprosy trends
in tocantins, a hyperendemic state in the north of Brazil, 2001-
2012. Cad Saude Publica 2015;31:971-80. doi: 10.1590/0102-
311X00075314

Lima MHGM, Nascimento JP, Souza ML, et al. Magnitude
and temporal trend of leprosy indicators in Goias, Brazil: An
ecological study 2001-2017. Epidemiologia e Servicos de Saude
2020;29:1-9. doi: 10.1590/51679-49742020000500012

Chaptini C, Marshman G. Leprosy: a review on elimination,
reducing the disease burden, and future research. Lepr Rev
2015;86:307-15. doi: 10.47276/Ir.86.4.307

Feitosa ALM, Dourado FW, Floréncio CMGD. Tendéncia
temporal da hanseniase em uma regido de saide do Cears,
2001 a 2015. Medicina (Ribeirdo Preto) 2020;53:438-46. doi:
10.11606/issn.2176-7262.v53i4p438-446

Pereira WMM, Oliveira SS, Sadeck LWR, et al. Hanseniase em
metrépole da Amazonia brasileira: cobertura de atencdo basica
a saude e sua relacdo com o perfil clinico e a distribuicdo
espaco-temporal da doenca em Belém, estado do Par3, Brasil,
de 2006 a 2015. Rev Panamazonica Saude 2019;10:1-14. doi:
10.5123/52176-6223201900069

Campos MRM, Batista AVA, Guerreiro JV. Perfil Clinico-
Epidemioldgico dos Pacientes Diagnosticados com Hanseniase
na Paraiba e no Brasil, 2008 — 2012. Revista Brasileira de Ciéncias
Da Saude 2018;22:79-86. doi: 10.4034/rbcs.2018.22.01.11

Leite TRC, Silva IGB, Lanza FM, et al. Acdes de controle da
hanseniase na atencgdo primaria a saude: uma revisdo integrativa.
VITTALLE - Revista de Ciéncias Da Saude 2020;32:175-86. doi:
10.14295/vittalle.v32i3.11080

Ramos JS, Costa LBR. Dificuldades Da Enfermagem No Manejo
Da Hanseniase Na Atengdo Primaria 1 Nursing Difficulties
in Leprosy Management in Primary Care. Revista JRG de
Estudos Académicos-Ano II 20191:125-47. doi: 10.5281/
zenodo.4320122

Moreira RS, Costa JS, Moreira-Junior VT, et al. Tendéncia
temporal da hanseniase em Aracaju, Sergipe, Brasil. Revista
de Epidemiologia e Controle de Infeccdo 2019;9:4-11. doi:
10.17058/reci.v9i1.11957

Brito CVB, Formigosa CAC, Neto OSM. Impacto da COVID-19
em doencas de notificagdo compulséria no Norte do Brasil.
Revista Brasileira Em Promocdo Da Saude 2022;35:1-11. doi:
10.5020/18061230.2022.12777

Morais, JR, Furtado EZL. The level of physical inability of
patients with leprosy. Rev Enferm UFPE on Line 2018;12(6): 162.
doi: 10.5205/1981-8963-v12i6a231049p1625-1632

Rev. Epidemiol. Controle Infecc. Santa Cruz do Sul, 2024 Abr-Jun;14(2):266-272. [ISSN 2238-3360]

Please cite this article as: Silva LEA, da Silva EL, da Silva DMB, Magno JCR, Pedroza AC, Pereira AA. Andlise dos casos de hanseniase no estado do Pard entre

2001 e 2020. Rev Epidemiol Control Infect [Internet]. 12° de julho de 2024 [citado 19° de agosto de 2024];14(2). Disponivel em: https.//online.unisc.br/seer/index.

Pphp/epidemiologia/article/view/18997

Page 06 of 07

not for quotation


https://doi.org/10.33448/rsd-v11i2.25528
https://doi.org/10.33448/rsd-v11i2.25528
https://doi.org/10.1590/1983-1447.2021.20190520
https://doi.org/10.1590/1983-1447.2021.20190520
https://doi.org/10.1590/0102-311X00075314
https://doi.org/10.1590/0102-311X00075314
https://doi.org/10.1590/S1679-49742020000500012
https://doi.org/10.11606/issn.2176-7262.v53i4p438-446
https://doi.org/10.5123/s2176-6223201900069
https://doi.org/10.4034/rbcs.2018.22.01.11
https://doi.org/10.14295/vittalle.v32i3.11080
https://doi.org/10.5281/zenodo.4320122
https://doi.org/10.5281/zenodo.4320122
https://doi.org/10.17058/reci.v9i1.11957
https://doi.org/10.1590/1980-220X-REEUSP-2020-0357
https://bvsms.saude.gov.br/bvs/publicacoes/guia_pratico_hanseniase.pdf
https://bvsms.saude.gov.br/bvs/publicacoes/guia_pratico_hanseniase.pdf
https://bvsms.saude.gov.br/bvs/publicacoes/estrategia_nacional_enfrentamento_hanseniase_2019.pdf
https://bvsms.saude.gov.br/bvs/publicacoes/estrategia_nacional_enfrentamento_hanseniase_2019.pdf
https://bvsms.saude.gov.br/bvs/publicacoes/estrategia_nacional_enfrentamento_hanseniase_2019.pdf
https://doi.org/10.1590/1983-1447.2019.20180258
https://doi.org/10.1590/1983-1447.2019.20180258
https://www.who.int/publications/i/item/9789290225492-2
https://www.who.int/publications/i/item/9789290225492-2
https://doi.org/10.12688/f1000research.21383.1
https://doi.org/10.12688/f1000research.21383.1
https://doi.org/10.11606/S1518-8787.2022056003730
https://doi.org/10.11606/S1518-8787.2022056003730
http://dx.doi.org/10.1590/0034-7167-2018-0682
http://dx.doi.org/10.1590/0034-7167-2018-0682

ANALYSIS OF LEPROSY CASES IN THE STATE OF PARA BETWEEN 2001 AND 2020

Lyncoln Eduardo Alves Silva, Ewerton Lima da Silva, Dyana Melkys Borges da Silva, Jodo Claudio Paes Magno, Amanda Araujo Pereira, Athos Costa Pedroza.

AUTHORS’ CONTRIBUTIONS

Lyncoln Eduardo Alves Silva contributed to study
conception and design, as well as bibliographical rese-
arch, writing the discussion and conclusion, interpreting
and describing the results, drawing up conclusions, criti-
cal review of content, translation of abstract into English
and Spanish, choice and translation of the five descriptors
according to DeCS (Bireme Health Science Descriptors),
and formatting of full text and references according to
RECI standards - Journal of epidemiology and infection
control. Ewerton Lima da Silva contributed to writing
the summary, review and statistics. Dyana Melkys
Borges da Silva collaborated in preparing the abstract,

reviewing, statistical analysis and correcting the text.
Joao Claudio Paes Magno contributed to project admi-
nistration, bibliographic research, writing the abstract, in-
troduction, methodology, discussion, interpretation and
description of results, conclusions, review and statistics.
Amanda Araujo Pereira contributed to the bibliographi-
cal research, writing the introduction and critical review
of content. Athos Costa Pedroza contributed to writing
the introduction, objectives and formatting of references,
critical review of content and bibliographical research.

All authors approved the final version to be pu-
blished and are responsible for all aspects of the work,
including ensuring its accuracy and integrity.

Rev. Epidemiol. Controle Infecc. Santa Cruz do Sul, 2024 Abr-Jun;14(2):266-272. [ISSN 2238-3360]

Please cite this article as: Silva LEA, da Silva EL, da Silva DMB, Magno JCR, Pedroza AC, Pereira AA. Andlise dos casos de hanseniase no estado do Pard entre

2001 e 2020. Rev Epidemiol Control Infect [Internet]. 12° de julho de 2024 [citado 19° de agosto de 2024];14(2). Disponivel em: https.//online.unisc.br/seer/index.

php/epidemiologia/article/view/18997

Page 07 of 07

not for quotation



Revista de Epidemiologia
e Controle de Infeccao

Hospital Santa /

ORIGINAL ARTICLE

Musculoskeletal symptoms in Primary Health Care professionals

Sintomas osteomusculares em profissionais da Atencao Primdria a Satde

Sintomas musculoesqueléticos en profesionales de Atencion Primaria de Salud

Luciano Garcia Lourencao?
Fabio Ribeiro da Silva? (2;

https://doi.org/10.17058/reci.v14i2.19039

Received: 01/03/2024 Claudia Eli Gazetta®
Accepted: 06/13/2024 Carlos Leonardo Figueiredo Cunha® ();
Available online: 5/21/2024 Natalia Sperli Geraldes Marin dos Santos Sassaki? (2);

Vagner Ferreira do Nascimento* (&);
Corresponding Author: Daniele Alcala Pompeo? ©;

Luciano Garcia Lourencgdo
lucianolourencao.enf@gmail.com
1 Universidade Federal do Rio Grande, Rio Grande, RS, Brazil.

Address: SQNW 103 Bloco D - Apto 324. ?Faculdade de Medicina de Sdo José do Rio Preto, SGo José do Rio Preto, SP, Brazil.

Residencial Real Le Parc. Setor Noroeste. Brasilia 3 Universidade Federal do Maranhdo, Séo Luis, MA, Brazil.

- FD - Brazil. 4Universidade do Estado do Mato Grosso, Barra do Bugres, MT, Brazil.
ABSTRACT

Background and Objectives: musculoskeletal diseases affect the musculoskeletal system and have multifac-
torial causes, with a higher risk of developing in some work activities. This study aimed to analyze the occurrence of
musculoskeletal symptoms in Primary Health Care professionals. Methods: a comparative study among healthcare
professionals from two municipalities. A structured questionnaire containing sociodemographic and professional
variables and the Nordic Musculoskeletal Questionnaire were applied. Results: a total of 429 healthcare professionals
have participated; 85 (19.8%) from municipality A and 344 (80.2%) from municipality B. There was no difference in
the percentage of professionals with musculoskeletal symptoms between the municipalities (p>0.05). The main pain
complaints in the last 12 months were for the lumbar region (56.2%), neck/cervical (48.4%), shoulders (44.7%), back/
thoracic region (35.3%) and ankles/foot (31.7%). The lowest rates of pain complaints were for elbows (10.5%) and
forearms (14.6%). In the last 12 months, 203 (48.7%) professionals avoided their daily activities of working, at-home
service or leisure/pastime due to musculoskeletal problems/symptoms. Conclusion: Primary Health Care professio-
nals from the studied municipalities reported main complaints of musculoskeletal symptoms, in the last 12 months,
in the lumbar region, neck/cervical, shoulders, dorsal/thoracic region and ankles/foot. The regions with the fewest
complaint rates were elbows and forearms. There were no significant differences in the number of professionals
with complaints of musculoskeletal symptoms between the municipalities. This study provides new knowledge by
contributing with information that can guide the planning and implementation of actions to promote health and
prevent musculoskeletal disorders in Primary Health Care workers.

Keywords: Cumulative Trauma Disorders. Prevalence. Healthcare Personnel. Primary Health Care. Family Health Strategy.

RESUMO

Justificativa e Objetivo: as doencas osteomusculares afetam o sistema osteomuscular e possuem causas
multifatoriais, com maior risco de desenvolvimento em algumas atividades laborais. Este estudo objetivou analisar
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MUSCULOSKELETAL SYMPTOMS IN PRIMARY HEALTH CARE PROFESSIONALS
Luciano G. Lourengdo, Fabio R. Silva, Claudia E. Gazetta, Carlos L. F. Cunha, Natdlia S. G. M. S. Sassaki, Vagner F. do Nascimento, Daniele A. Pompeo.

a ocorréncia de sintomas osteomusculares em profissionais da Atencdo Primaria a Saide. Métodos: estudo compa-
rativo entre profissionais de salde de dois municipios. Foi aplicado um questionéario estruturado contendo variaveis
sociodemogréficas e profissionais, e o Questionario Noérdico de Sintomas Osteomusculares. Resultados: participa-
ram 429 profissionais, sendo 85 (19.8%) do municipio de pequeno porte e 344 (80,2%) do municipio de grande porte.
N&o houve diferenca nos porcentuais de profissionais com sintomas osteomusculares entre os municipios (p>0,05).
As principais queixas de dor, nos Ultimos 12 meses, foram para a regido lombar (56,2%), pescoco/cervical (48,4%),
ombros (44,7%), regido dorsal/toracica (35,3%) e tornozelos/pés (31,7%). Os menores indices de queixas de dor foram
para os cotovelos (10,5%) e antebracos (14,6%). Nos Ultimos 12 meses, 203 (48,7%) profissionais evitaram as atividades
diarias de trabalho, servico doméstico ou lazer/passatempo, em decorréncia de problemas/sintomas osteomuscu-
lares. Conclusao: os profissionais da Atencdo Primaria a Saude relataram queixas de sintomas osteomusculares,
nos ultimos 12 meses, na regido lombar, no pescoco/cervical, ombros, regido dorsal/toracica e tornozelos/pés. As
regides com menores queixas foram os cotovelos e antebracos. Ndo houve diferencas significativas do numero de
profissionais com queixas de sintomas osteomusculares entre os municipios. O estudo agrega novos conhecimentos,
ao contribuir com informacdes capazes de direcionar o planejamento e a implementac¢do de acdes de promocao da
saude e prevencdo de lesdes osteomusculares nos trabalhadores da Atencdo Primaria a Saude.

Descritores: Transtornos Traumdticos Cumulativos. Prevaléncia. Pessoal de Saude. Atencdo Primdria a Saude.
Estratégia Saude da Familia.

RESUMEN

Justificacion y Objetivos: las enfermedades musculoesqueléticas afectan al sistema musculoesquelético y
tienen causas multifactoriales, con un mayor riesgo de desarrollarse en algunas actividades laborales. Este estudio
tuvo como objetivo analizar la aparicion de sintomas musculoesqueléticos en profesionales de Atencién Primaria de
Salud. Métodos: un estudio comparativo entre profesionales de la salud de dos municipios. Se aplicd un cuestionario
estructurado que contiene variables sociodemogréaficas y profesionales, y el Cuestionario Nérdico de Sintomas Mus-
culoesqueléticos. Resultados: participaron 429 profesionales; 85 (19.8%) del municipio A'y 344 (80,2%) del municipio
B. No hubo diferencias en el porcentaje de profesionales con sintomas musculoesqueléticos entre los municipios
(p>0,05). Las mayores quejas de dolor, en los Ultimos 12 meses, fueron para la regién lumbar (56,2%), el cuello/
cervical (48,4%), los hombros (44,7%), la espalda/region toracica (35,3%) y los tobillos/pies (31,7%). Las tasas mas
bajas de quejas de dolor se dieron en los codos (10,5%) y los antebrazos (14,6%). En los Ultimos 12 meses, 203 (48,7%)
profesionales evitaron las actividades diarias de trabajo, servicio doméstico u ocio/pasatiempo debido a problemas/
sintomas musculoesqueléticos. Conclusion: los profesionales de la Atencién Primaria de Salud de los municipios
estudiados relatan las mayores quejas de sintomas osteomusculares, en los Ultimos 12 meses, en la region lumbar,
cuello/region cervical, hombros, regién dorsal/toracica y tobillos/pies. Las regiones con menos quejas fueron los
codos y los antebrazos. No hubo diferencias significativas en el nimero de profesionales con quejas de sintomas
musculoesqueléticos entre los municipios. El estudio afiade nuevos conocimientos al contribuir con informacion
capaz de dirigir la planificacion y la implementacién de acciones para promover la salud y prevenir los trastornos
musculoesqueléticos en los trabajadores de la Atencion Primaria de Salud.

Palabras Clave: Trastornos Traumaticos Acumulativos. Prevalencia. Personal de Salud. Atencién Primaria de Sa-
lud. Estrategia de Salud Familiar.

professionals’ routine, which is normally tiring, becomes

INTRODUCTION . . h .
even more intense, leading workers to experience situa-

The Brazilian National Primary Care Policy (PNAB
- Politica Nacional de Atencdo Bdsica) establishes that
Primary Health Care (PHC) or Primary Care (PC) is consi-
dered the first level of care, and encompasses individual
and collective health actions, focused on the “promotion
and protection of health, disease prevention, diagnosis,
treatment, rehabilitation and health maintenance”!

In PHC services, the overload of worker activities to
guarantee assistance based on care that is more articula-
ted to the context of people’s lives adds to the traditional
occupational risks in the health field (chemical, physical,
ergonomic and biological).? In this context, healthcare

tions of pain, distress, illnesses and deaths in their work
routine. Therefore, professionals can develop Burnout
syndrome, characterized by physical and emotional signs
and symptoms, which have implications for their health
and can trigger mental illness and physical musculoske-
letal problems.??

Musculoskeletal disorders are injuries that affect
healthcare professionals, in the performance of their
duties, as a consequence of movements and efforts to
which they are subjected during the performance of their
duties, especially those that require repetitiveness or
continued efforts. Above all, they occur due to the im-
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position of positions that are not recommended on the
body and that require spinal torsion, taking it away from
the center of balance of the muscular system and causing
strong pressure and twisting in its fibers. As a result of
these efforts, more than one symptom may appear, cha-
racterizing musculoskeletal disorders.?*

These disorders involve disorders of tendons,
nerves, synovium (joint linings), ligaments, muscles and
fascia (muscle envelope), in isolation or in combination,
with tissue degeneration possible, and are associated
with pain and paresthesia. These morbidities can also be
defined as repetitive strain injuries (RSI), musculoskeletal
disorders (MSD) and cumulative trauma injuries (CTI),
generally affecting the upper limbs, the scapular region
around the shoulder and the cervical region, causing
tendinitis, low back pain, neck pain and back pain. They
can also affect the lower limbs and are often responsible
for temporary or permanent work disabilities.?*

Musculoskeletal morbidities are among the main
occupational diseases arising from the industrialization
process. It is believed that this condition is among the
main public health problems, causing several negative
impacts on the social and economic environment of a
country. In general, the symptoms gradually develop and,
when they are noticed, they are already systematically
installed, leading to loss of productivity and compromi-
sing workers' production capacity, who begin to present
high rates of absenteeism.267

Healthcare professionals are very vulnerable and
subject to musculoskeletal disorders, due to the high
workload and lack of effort that goes beyond the work
activity itself. Added to this is the lack of specific training
to perform the role, incorrect physical postures, inap-
propriate lifting, repetitive movements and other issues
related to body postures.?’-#

Therefore, the work process and the work environ-
ment have a strong influence on the process of muscu-
loskeletal illness in healthcare professionals, who per-
form repetitive activities and under overload conditions,
capable of causing irreversible physical injuries.?3? In this
context, this study aimed to analyze the occurrence of
musculoskeletal symptoms in PHC professionals.

METHODS

This is a cross-sectional study, carried out in two muni-
cipalities in the state of Sdo Paulo, with a non-probabilistic,
convenience sample, which included 429 professionals
from the Basic Health Units teams.

The first municipality (municipality A) is located in
western state, 596 km from the capital, Sdo Paulo. It is
a small municipality, with a population of 33,707 inha-
bitants. The municipality is a reference center in health
for municipalities in the Nova Alta Paulista region. When
structuring the local health model, during the study pe-
riod, PHC was carried out by four Basic Health Units, with
ten Family Health teams and coverage of 100% of the
municipality’s population.X®

The second municipality (municipality B) is in nor-

thwestern Sao Paulo, 452 km from the capital. It is a large
municipality, with an estimated population of 438,354
inhabitants. The municipality is the headquarters of Re-
gional Health Division XV, the largest in the state of Sdo
Paulo, in addition to being a reference in healthcare.’?

During the study period, the municipality had a
restructuring of its geographic division and began to be
organized into ten health regions (previously there were
five health regions), according to Decree 18,073 of June
29, 2018. PHC was responsible for 27 municipal services,
three of which were Basic Health Units with teams from
the Community Health Workers Strategy (EACS) and 24
Basic Health Units that comprised 58 Family Health teams
and 21 Oral Health teams, responsible for covering 61.2%
of the municipality’s population.'?

The study population was made up of all profession-
als who made up the minimum team of the Family Health
Strategy (doctors, nurses, nursing assistants/technicians,
community health workers), including professionals from
oral health teams (dentists and dental assistants), from
all Basic Health Units in both municipalities. This choice
aimed to equate the professionals assessed in both mu-
nicipalities. Professionals who were on vacation during
the data collection period and/or away from professional
activities for any other reason were excluded.

Data were collected in the first half of 2018 using
two self-administered instruments: the first was a ques-
tionnaire containing closed questions about training, age,
sex, marital status, income, education, type of employ-
ment (Consolidation of Labor Laws (CLT - Consolidagédo
das Leis do Trabalho), statutory), type of care unit/service,
if has other employment relationships, practice physical
activity, smoke/drink, if is satisfied and/or if has thought
about giving up the profession/function, if has been away
in the last year (reasons and number of times); the second
was the Nordic Musculoskeletal Questionnaire (NMQ),
translated and adapted into Portuguese, which allowed
assessing symptoms of work-related musculoskeletal
disorders (WMSD) and their relationship with musculo-
skeletal morbidity, demographic and occupational vari-
ables and personal habits. This questionnaire is simple
to apply, and the Portuguese version was validated in
Brazil.®> The NMQ contains two parts. The first has a hu-
man figure divided into nine anatomical regions, such as
cervical, shoulders, arms, elbows, forearm, wrists/hands/
fingers, dorsal region, lumbar region, hips/lower limbs.
Participants identify, on this body map, the presence of
pain, discomfort or numbness in the indicated regions,
during the last 12 months. For symptomatic regions,
participants indicate whether or not the symptoms are
related to the work they perform.

Data collection was previously scheduled with
nurses and managers of health units and carried out,
preferably, during team meeting. After presenting the
study to professionals from the team(s) and collecting
signature on the Informed Consent Form, the researchers
delivered the questionnaires to professionals, who were
able to answer them immediately or within a week. After
answering, the professionals delivered the questionnaires
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to the unit managers in sealed, unmarked envelopes.
After receiving the completed instruments, managers
contacted the researchers to collect the questionnaires.

The data obtained was stored in a database, using
a Microsoft Excel® spreadsheet. Analysis was performed
with Statistical Package for the Social Sciences (SPSS)
version 23.0.

Sociodemographic and professional variables were
used to characterize the study population. To assess the
symptoms of musculoskeletal disorders, initially, the
NMQ answers were categorized into occurrence and
non-occurrence of musculoskeletal symptoms in the last
12 months. Different body parts were considered (neck/
cervical, shoulders, dorsal/thoracic, lumbar, elbows,
forearms, wrists/hands/fingers, hips/thighs, knees and
ankles/feet). Then, the answers were grouped by body
regions, considering the upper trunk (neck/cervical and
dorsal/thoracic), lower trunk (lumbar region), upper limbs
(shoulders, elbows, forearms, wrists/hands/ fingers) and
lower limbs (hips/thighs, knees, ankles/feet). Finally, the
answers were grouped considering body parts (neck/cer-
vical, shoulders, back/thoracic, lumbar, elbows, forearms,
wrists/hands/fingers, hips/thighs, knees and ankles/feet)
to assess whether, during the last 12 months, professio-
nals had to avoid daily activities (work, domestic service
or leisure/hobby) due to musculoskeletal problems/
symptoms. Comparisons were made using the chi-square
test, considering a significance level of 5% (p<0.05).

This study is part of a matrix project entitled
“Qualidade de vida, engagement, comprometimento e
entrincheiramento com a carreira, estresse, estratégias de
enfrentamento e queixas de disturbios osteomusculares
entre trabalhadores da Atengdo Bdsica". In compliance
with current ethical aspects regarding research involving
human beings (Resolutions 466/2012 and 510/2016 of
the Ministry of Health), the project was approved by the
Faculdade de Medicina de Séo José do Rio Preto (FAMERP)
Research Ethics Committee on December 4, 2017, under
Opinion 2,412,726 and Certificate of Presentation for
Ethical Consideration (CAAE - Certificado de Apresenta-
cdo para Apreciacdo Ftica) 59604116.0.0000.5415.

RESULTS

The sample was defined by convenience and
consisted of 429 professionals who answered the instru-
ments, 85 (19.8%) from municipality A and 344 (80.2%)
from municipality B. Among the professionals assessed,
41 (9.6%) were doctors, 92 (21.4%), nurses, 25 (5.8%),
dentists, 83 (19.3%), nursing assistants/technicians, 177
(41.3%), community health workers, and 11 (2.6%), oral
care assistants. Figure 1 shows the distribution of study
professionals according to municipality and professional
category. Professionals’ mean age was 42.6 years, ran-
ging from 20.9 to 75.4 years.

As shown in Table 1, there was a predominance
of female professionals (79.7%), married (63.4%), aged
between 36 and 50 years (42.9%), with a 40-hour work-

Municipality .A Municipality B
04 Health .Umts ,:> 27 Health Units
85 professionals A 344 professionals
09 Doctors 32 Doctors
(10.6%) 9.3%)
15 Nurses 77 Nurses
(17.6%) (22.4%)

12 Nursing 71 Nursing
Assistants/Technicians l:> Assistants/Technicians
(14.1%) (20.6%)

44 Community Health 133 Community Health
Workers :> Workers
(51.8%) (38.7%)

05 Dentists 20 Dentists
(5.9%) (5-8%)

4] Olzal Care 11 Oral Care
Assistants Assistants

3.2%)

Figure 1. Study sample distribution.

ing day weekly (87.6%) and family income of two to five
minimum wages (59.9%). It was observed that 34.7% of
professionals were overweight; 60.4% did not practice
physical activity; 60.1% had leisure activities; 80.7% had
no other paid activity; and 79.7% slept six to eight hours a
night. In relation to the length of professional experience,
it is noteworthy that 40.3% of professionals had worked
for five years or more in PHC services.

The results did not show statistically significant
differences in the percentages of professionals with mus-
culoskeletal symptoms between the municipalities (Table
2). It was observed that the main complaints of pain, in
the last 12 months, involved the lumbar region (56.2%),
neck/cervical (48.4%), shoulders (44.7%), dorsal/thoracic
region (35.3%) and ankles/feet (31.7%). The lowest rates
of pain complaints were for elbows (10.5%) and forearms
(14.6%).

In municipality A, there was a slightly higher per-
centage of professionals complaining of musculoskeletal
pain than in municipality B, but without statistical signifi-
cance (Figure 2).

Table 3 shows that 203 (48.7%) professionals repor-
ted that, in the last 12 months, they had to avoid daily
work, domestic service or leisure/hobby activities due to
musculoskeletal problems/symptoms.
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Table 1. Distribution of sociodemographic and professional characteristics of Primary Health Care workers assessed
in the study

Municipality A Municipality B Total
Variables n (%) n (%) n (%)
Total 85 (100.0) 344 (100.0) 429 (100.0)
Sex
Male 23 (27.1) 60 (17.4) 83(19.3)
Female 61 (71.8) 281 (81.7) 342 (79.7)
Did not answer 1(1.2) 3(0.9) 4(0.9)
Marital status
Married 51 (60.0) 221 (64.2) 272 (63.4)
Single 28 (32.9) 86 (25.0) 114 (26.6)
Separate 3(3.5) 28 (8.1) 31(7.2)
Widow 224 9(2.6) 11 (2.6)
Did not answer 1(1.2) 221 (64.2) 1(0.2)
Age group
From 21 to 35 years 28 (329 90 (26.2) 118 (27.5)
From 36 to 50 years 31 (36.5 153 (44.5) 184 (42.9)
From 51 to 65 years 20 (23.5 86 (25.0) 106 (24.7)
Over 65 years 6 (7.1) 3(0.9) 3(0.7)
Did not answer - 12 (3.5) 18 (4.2)
Weekly workload
20 hours 6(7.1) 20 (5.8) 26 (6.1)
30 hours 15 (17.6) 8(2.3) 23 (5.4)
36 hours 1(1.2) - 1(0.2)
40 hours 62 (72.9) 314 (91.3) 376 (87.6)
Did not answer 1(1.2) 2(0.6) 3(0.7)
Family income*
Up to a minimum wage 14 (16.5) 23 (6.7) 37 (8.6)
From two to five minimum wages 57 (67.1) 200 (58.1) 257 (59.9)
Six to ten minimum wages 8(9.4) 66 (19.2) 74 (17.2)
More than ten minimum wages 6 (7.1) 47 (13.7) 53 (12.4)
Did not answer - 8(2.3) 8(1.9)
BMI classification
Under weight 224 3(0.9 5(1.2)
Normal weight 22 (25.9) 97 (28.2) 119 (27.7)
Overweight 35 (41.2) 114 (33.1) 149 (34.7)
Grade I obesity 14 (16.5) 56 (16.3) 70 (16.3)
Grade II obesity 224 20 (5.8) 22 (5.1)
Grade III obesity 3(3.5) 6 (1.7) 9(2.1)
Did not answer 7(8.2) 48 (14.0) 55 (12.8)
Practices physical activity
Yes 37 (43.5) 129 (37.5) 166 (38.7)
No 48 (56.5) 211 (61.3) 259 (60.4)
Did not answer - 4(1.2) 4(0.9)
Has leisure activities
Yes 55 (64.8) 205 (59.6) 258 (60.1)
No 28 (32.9) 132 (38.4) 160 (37.3)
Did not answer 224 721 11 (2.6)
Daily hours of sleep
Less than six hours 14 (16.5) 64 (18.6) 78 (18.2)
Between six and eight hours 70 (82.4) 272 (79.1) 342 (79.7)
More than eight hours - 5(1.5) 5(1.2)
Did not answer 1(1.2) 3(0.9) 4 (.9)
Length of experience in PHC
Less than two years 21 (24.7) 126 (36.6) 147 (34.3)
From two to five years 30 (35.3) 61 (17.7) 91 (21.2)
Between five and ten years 12 (14.1) 69 (20.1) 81 (18.9)
More than ten years 20 (23.5) 72 (20.9) 92 (21.4)
Did not answer 224 16 (4.7) 18 (4.2)
Has another paid activity
Yes 21(24.7) 54 (15.7) 75 (17.5)
No 64 (75.3) 282 (82.0) 346 (80.7)
Did not answer - 8(2.3) 8(1.9)

*Minimum wage value: R$937.00; BMI — Body Mass Index; PHC — Primary Health Care.
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Table 2. Percentage of complaints of musculoskeletal symptoms by body parts among Primary Health Care professionals.

Municipality A Municipality B Total p-value*
Variables n (%) n (%) n (%)
Occurrence of musculoskeletal symptoms
Lumbar region 54 (63.5) 181 (54.4) 235 (56.2) 0.080
Neck/cervical 46 (54.8) 157 (46.9) 203 (48.4) 0.195
Shoulders 40 (47.1) 148 (44.0) 188 (44.7) 0.352
Dorsal/thoracic region 25 (29.8) 121 (36.7) 146 (35.3) 0.146
Ankle/feet 25 (29.8) 115 (34.4) 140 (33.5) 0.249
Knees 27 (32.1) 105 (31.6) 132 (31.7) 0512
Wrist/hands/fingers 29 (34.5) 92 (27.5) 121 (28.9) 0.127
Hip/thighs 15 (17.9) 56 (17.2) 71(17.3) 0.498
Forearms 10 (12.0) 51 (15.2) 61 (14.6) 0.294
Elbows 7 (11.0) 37 (8.4) 44 (10.5) 0.320
*Chi-square test.
70% B Municipality A
65.5% 64.7% e
63.5% B Municipality B
) O Total
0% s6.2% ol 56.2%
54.4% 54.5%
51.9% 52.4% 51900, 52.0%

50%

40%

30%

20%

10%

00%

Upper Trunk Lower Trunk Upper Limbs Lower Limbs
p=0079 p=0.080 p=0.055 p=0.520

Figure 2. Distribution of percentages of complaints of musculoskeletal symptoms by body regions among Primary

Health Care professionals (chi-square test).

Table 3. Distribution of professionals who, in the last 12 months, reported having avoided daily activities due to muscu-

loskeletal symptoms.

Municipality A Municipality B Total p-value*
Avoided daily activities in the last 12 months
Yes 43 (51.2) 160 (48.0) 203 (48.7)
No 41 (48.8) 173 (52.0) 214 (51.3) 0247

*Chi-square test.

DISCUSSION

The profile of the participants in this study is consis-
tentwith other studies carried out with PHC workers,?314-16
and the professional structure of the teams complies with
PNAB regulations in relation to the composition of the Fa-
mily Health Strategy minimum teams.!

The percentage of PHC professionals with com-
plaints of musculoskeletal symptoms found in this

study is much higher than that reported in the Brazilian
population, whose prevalence of musculoskeletal dise-
ases is approximately 2.5%.1% The appearance of these
symptoms in healthcare professionals is due to several
factors and is generally related to work characteristics,
such as strenuous working hours, double employment,
inadequate furniture and posture.??

In the case of community health workers, long
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distances covered, often with excessive weight, in strong
heat or inadequate postures, are risk factors for the
emergence of injuries and musculoskeletal symptoms.?
Among nursing professionals, doctors and oral healthca-
re professionals, risk factors for the appearance of mus-
culoskeletal symptoms can be considered: double shift
work or night work, common among these professionals;
performing repetitive movements; the adoption of inap-
propriate postures; lack of breaks, due to high demand
or demands for productivity; exposure to work stressors,
such as lack of training and professional autonomy; and
insufficient time to carry out work activities.r’-?

In addition to work overload and inadequate pro-
fessional sizing, emotional involvement also leads to
dissatisfaction that can cause health problems for team
professionals,?® showing that social and psychological
factors can contribute to worsening the clinical condition
of workers affected by musculoskeletal injuries/symp-
toms.? A study with Family Health Strategy professionals
showed that workers with high levels of perceived stress
were more likely to develop musculoskeletal diseases.??

The predominance of complaints of musculoskele-
tal symptoms in the lumbar region, neck/cervical region,
shoulders, dorsal/thoracic region and ankles/feet, obser-
ved among the PHC professionals studied, is reported in
other studies,*>* showing that the work process in PHC
services can cause illness among professionals, compro-
mising the physical conditions of workers, who begin to
present musculoskeletal symptoms.

A study with nursing professionals from a Basic
Health Unit pointed out heavy loads, postural problems
and uncomfortable chairs as the main ergonomic risks
for these workers. Lack of foot support and work over-
load were also indicated as factors associated with the
prevalence of musculoskeletal symptoms. The authors
associated work overload with a reduction in the quality
of care, considering that overworked professionals are
not able to offer care in accordance with the time and
quality required expected by users.?

Another important consequence related to mus-
culoskeletal symptoms is absenteeism or absence from
work, which causes discontinuity in care processes and
the relationship with the patient, in addition to staff being
absent due to frequent leaves of absence. Furthermore,
pain makes it difficult to carry out work efficiently, di-
rectly affecting the quality of care provided to patients.?°

The high rates of professionals complaining of mus-
culoskeletal symptoms in the thoracic region support the
literature, which indicates the existence of a high role
and work overload among healthcare professionals, the
consequences of which are the high prevalence of back
pain and ergonomic problems.?* Given this scenario, it
is necessary to implement regular training, with pro-
grams aimed at worker health and safety and that seek
to prevent complications caused by work overload, such
as workplace gymnastics, training courses on ergonomic
issues at work, implementation of pre-established breaks
and weight control programs.?

Regular physical activity is seen as a great ally in

improving or maintaining professionals’ health condi-
tions and quality of life. The inclusion of physical activity
practices, such as workplace gymnastics, in the workplace
has contributed significantly to improving physical health
and the perception of quality of life. Therefore, simple
and low-cost measures, such as assessing the level of
physical activity and monitoring workers, can contribute
to preventing musculoskeletal problems and reducing
absenteeism, favoring an increase in work performance
and the quality of service provided to the population.®

In this context, it is essential that managers monitor
and to know their teams, understand their needs and
encourage actions to prevent damage (physical and/
or mental) professionals, i.e., it is important that they
identify factors that lead to imbalances in workers’ health
and act on them.?® Encouraging physical activity by PHC
workers is an important prevention and health promo-
tion strategy, seeking to minimize or avoid the illness of
these healthcare professionals.

This study has limitations related to convenience
sampling, which reduces the potential for generalizing
the results and restricts the representativeness of the
population, and data analysis, which does not allow
inferring the existence of a direct relationship between
musculoskeletal symptoms and the current work activity
of assessed professionals. However, the results contribute
important information for planning and implementing
actions to promote health and prevent musculoskeletal
injuries in PHC workers.

As demonstrated, PHC professionals in the munic-
ipalities studied reported complaints of musculoskeletal
symptoms, mainly in the lumbar region, neck/cervical
region, shoulders, dorsal/thoracic region and ankles/feet
in the last 12 months. The regions with the lowest rates
of complaints were the elbows and forearms. There was
no significant difference in the number of professionals
complaining of musculoskeletal symptoms between
the municipalities. However, there was a slightly higher
percentage of professionals with complaints of musculo-
skeletal symptoms in the small municipality (municipality
A) compared to the large municipality (municipality B).
These results show that musculoskeletal symptoms are an
important problem for PHC workers' health, since almost
half of the professionals studied reported having avoided
daily work, domestic service or leisure/hobby activities
in the last 12 months, due to musculoskeletal problems/
symptoms. For this reason, it is necessary to implement
actions to promote PHC workers' health, especially the
prevention of work-related injuries and treatment/reha-
bilitation of professionals suffering from musculoskeletal
injuries/complaints.
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ABSTRACT

Justificativa e Objetivos: A D

Background and Objectives: Leptospirosis is an infectious disease caused by the bacterium Leptospira spp.
and its epidemiology is not well known in Minas Gerais State, which makes its prevention and control more difficult.
The objective of this study is to outline the epidemiological profile of leptospirosis in the State of Minas Gerais from
2012 to 2022. Methods: An ecological epidemiological study was carried out by collecting data from the Information
System for Notifiable Diseases, the secondary database was made available by the Department of Informatics of the
Unified Health System. Data regarding the disease cases notified in the selected place and period were collected and
descriptive statistical analyses were carried out based on sociodemographic and clinico-epidemiological variables.
Results: 1,728 cases of leptospirosis were reported. The highest number of notifications was in 2020 and the lowest
in 2015. There is a higher occurrence of the disease in the white population (46.30%), in males (81.66%) and in the
age group 40 to 59 years (38.77 %). As for education, the highest number of registered cases was ignored/blank, with
814 (47.11%). Observing the evolution of the disease, from 2012 to 2022, the aggravation of leptospirosis leading to
death occurred in 9.29% of the cases. Cure was the most frequent outcome: 1,415 discharges in that decade (81.89%).
Conclusion: Based on the results obtained, we concluded that there is a predominance of male patients, white, aged
between 40 and 59 years, in relation to education, the largest number of registered cases was ignored/blank and
more than 80% of the cases notified resulted in the recovery of the patient's health.

Keywords: Leptospirosis. Epidemiology. Public health.

RESUMO

Justificativa e Objetivos: A leptospirose, doenga infecciosa causada pela bactéria Leptospira spp., tem a epide-
miologia pouco conhecida em Minas Gerais, o que dificulta sua prevengao e controle. O objetivo deste estudo é tracar
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EPIDEMIOLOGICAL PROFILE OF LEPTOSPIROSIS IN MINAS GERAIS STATE, BRAZIL 2012-2022
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o perfil epidemiolégico da leptospirose no estado de Minas Gerais no periodo de 2012 a 2022. Métodos: Estudo
epidemioldgico ecolégico, realizado pela coleta de dados no Sistema de Informacbes de Agravos de Notificagoes,
disponibilizado pelo banco de dados secundarios do Departamento de Informatica do Sistema Unico de Saude.
Foram coletados dados referentes aos casos da doenca notificados no local e periodo selecionados e realizadas
analises estatisticas descritivas a partir das varidveis sociodemograficas e clinico-epidemioldgicas. Resultados: Foram
notificados 1.728 casos de leptospirose. O maior nimero de notificacdes foi em 2020 e menor em 2015. Ha maior
ocorréncia da doenca na populacdo branca (46,30%), no sexo masculino (81,66%) e na faixa etaria de 40 a 59 anos
(38,77%). Observando a evolugdo da doencga, nota-se que, de 2012 a 2022, foram registrados 6bitos pelo agravo
da leptospirose em 9,29% dos casos. A cura se manteve com maior ocorréncia: 1,415 altas nessa década (81,89%).
Conclusédo: Com base nos resultados obtidos conclui-se que ha predominio de pacientes do sexo masculino, raca
branca, faixa etaria entre 40 e 59 anos e mais de 80% dos casos notificados resultaram na recuperagdo do quadro de
saude do paciente.
Descritores: Leptospirose. Epidemiologia. Satide publica.

RESUMEN

Justificacion y Objetivos: La leptospirosis, una enfermedad infecciosa causada por la bacteria Leptospira spp.,
tiene su epidemiologia poco conocida en el estado de Minas Gerais, lo que dificulta su prevencion y control. El objetivo
de este estudio es delinear el perfil epidemioldgico de la leptospirosis en el estado de Minas Gerais del 2012 al 2022.
Métodos: Estudio epidemioldgico ecoldgico, realizado a partir de la recoleccion de datos del Sistema de Informacion
de Enfermedades de Declaracion Obligatoria, disponibles en la base de datos secundaria. del Departamento de In-
formatica del Sistema Unico de Salud. Se recolectaron datos sobre los casos de la enfermedad notificados en el lugar
y periodo seleccionado y se realizaron anélisis estadisticos descriptivos con base en variables sociodemograficas y
clinico-epidemiolégicas. Resultados: Se reportaron 1.728 casos de leptospirosis. El mayor niUmero de notificaciones
fue en el 2020 y el menor en el 2015. Hay una mayor ocurrencia de la enfermedad en la poblacion blanca (46,30 %),
en el sexo masculino (81,66 %) y en el grupo de edad de 40 a 59 afos (38,77 %). En cuanto a la educacién, el mayor
numero de casos registrados fue ignorado/blanco, con 814 (47,11%). Al observar la evolucion de la enfermedad, se
destaca que, de 2012 a 2022, se registraron 9,29% de muertes por agravamiento de la leptospirosis. La cura quedo
con la mayor ocurrencia: 1.415 altas en esa década (81,89%). Conclusion: Con base en los resultados obtenidos se
concluye que existe predominio de pacientes masculinos, blancos, con edades entre 40 y 59 afos, con relacién a
la escolaridad, el mayor nimero de casos registrados fue ignorado/blanco y méas del 80% de los casos notificados
resulté en la recuperacion de la salud del paciente.

Palabras Clave: Leptospirosis. Epidemiologia. Salud publica.

basic sanitation. On top of that, there are those cases
that occur because of the high volumes of rain during
the rainy season, which floods the urban centers and
contributes to the transmission of the bacteria.*
Low-resource populations in tropical regions,
especially in low and middle-income countries, present
the highest burden of diseases.” Globally, it is estimated

INTRODUCTION

Leptospirosis is an infectious disease caused by
Leptospira spp. It occurs all over the world, however, it is
more common in tropical and subtropical areas.* Usually
it is transmitted by the urine of infected animals, such as
rats, dogs, cattle, and other rodents, which contaminate

the water, soil or foods.2

Brazil is the country with the highest number of ca-
ses in Latin America.? Leptospirosis is an important public
health problem in Brazil because it finds in the country a
favorable environment for its spread, due to geographical
factors as well as the population characteristics, in urban
and rural areas, and it presents a high epidemic potential.?
For this reason, leptospirosis is a mandatory notification
disease in Brazil since the year 2000 and the surveillance is
carried out in the whole country by the Ministry of Health.?

But, despite its mandatory notification, the disease
is still neglected. It mainly affects vulnerable populations
such as rural and urban workers, people living in slums,
people who do not have full access to drinking water and

that leptospirosis is responsible for 1.03 million cases and
58,900 deaths yearly. In the Americas region, it is estima-
ted that 10,000 cases occur every year, the majority (95%)
occurring in Latin America, and Brazil accounts for 40% of
the cases notified.?

Clinical manifestations of leptospirosis can vary
from mild to severe, depending on the inoculum, serovar
or strain, as well as the age and the health condition of
the individual.® The initial symptoms of the disease such
as fever, muscle aches and pain, and headache may be
unspecific and similar to other diseases. In more severe ca-
ses, leptospirosis may cause jaundice, kidney or liver failure,
in addition to pulmonary and neurological complications.’

Early diagnosis is important to prevent severe
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complications and even death. The diagnosis is based on
laboratory tests such as blood tests for the detection of
antibodies against Leptospira spp., and blood or urine cul-
tures for the identification of the bacteria.® Leptospirosis
treatment entails the use of antibiotics and other types
of support care such as hydration and symptoms control.
In severe cases, hospital admission may be necessary.®

Despite of the several studies on leptospirosis in
Brazil, yet there are gaps about the disease epidemiology
focusing specifically determined locations of the country,
namely Minas Gerais State, and its behavior over the ye-
ars. Understanding the dynamics of the disease makes it
possible to implement public policies for prevention and
control that take into account factors such as population
characteristics and socioeconomic conditions from the
location, the presence of host animals, and the disease
behavior, with the objective of developing effective stra-
tegies against leptospirosis.®

Therefore, the aim of the present study is to analyze
the epidemiological profile of leptospirosis in Minas Ge-
rais State, from 2012 to 2022.

METHODS

This is an ecological epidemiological study. Data
from notified cases of leptospirosis in the State of Minas
Gerais, in the period between January 2012 and Decem-
ber 2022, were collected. The State comprises an area of
586,13,983 km? and the population is estimated to be
21,411,923 inhabitants.?

Information about the epidemiological profile of
patients was obtained from the Information System for
Notifiable Diseases (SINAN), made available by the Mi-
nistry of Health. Data was obtained from the notification
files filled out by the local health service and stored in
the software TABNET, a public domain system, made
available by the Department of Informatics of the Unified
Health System (DATASUS), which was accessed on the
27 of March, 2023.

After data collection, the following variables were
analyzed: sociodemographic (sex, race, age group and
schooling), and clinico-epidemiological (notification
number and the evolving of the disease). Following, des-
criptive stratified statistical analyses with a quantitative
approach were carried out and presented as proportions
and variables frequencies, using the software Microsoft
Excel Professional Plus 2021.

This study was conducted using secondary data
sources from the Health Surveillance Board from Mi-
nas Gerais State, which are of public domain and the
individual's identities were not displayed. Therefore, it
is not required to be submitted to the Research Ethics
Committee, according to the resolution n® 510/16 of the
Brazilian National Health Council (2016).

RESULTS

In the period between 2012 and 2022, 1,728 cases
of leptospirosis were registered in Minas Gerais State.
The highest number of cases occurred in 2020, 228 cases,

and the lowest number of cases occurred in 2015, 115
cases. From 2012 to 2020 a trend of increase in the cases
was observed. After the peak, there was a decrease in the
years 2021 and 2022 (figure 1).

250
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2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Source: Ministry of Health/Sanitary Surveillance Secretariat - Information System for
Notifiable Diseases - Sinan Net.

Figure 1. Cases confirmed in the Information System for
Notifiable Diseases (SINAN) in Minas Gerais State, 2012-
2022 (n=1,728).

Table 1. Sociodemographic and clinical characteristics
of the confirmed cases of leptospirosis in Minas Gerais
State, 2012-2022 (n=1,728).

Characteristics N=1,728 %
Race/Skin color

Ignored/Blank 163 9.43%
White 800 46.30%
Black 118 6.83%
Yellow/Asian 7 0.41%
Brown/mixed 638 36.92%
Indigenous 2 0.12%
Sex

Male 1,411 81.66%
Female 317 18.34%
Age group

Ignored/blank 1 0.06%
<1 year 4 0.23%
01-4 1 0.06%
05-9 19 1.10%
10-14 44 2.55%
15-19 92 5.32%
20-39 660 38.19%
40-59 670 38.77%
60-64 93 5.38%
65-69 70 4.05%
70-79 65 3.76%
80 e + 9 0.52%
Outcome

Ignored/blank 128 7.41%
Cure 1,415 81.89%
Death caused by the disease notified 159 9.20%
Death by another cause 26 1.50%

Source: Ministry of Health/Sanitary Surveillance Secretariat - Information System for
Notifiable Diseases - Sinan Net.
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The racial profile of the cases notified presented
white people as the most affected group, with 800 cases
(46.3%). The most frequent occurrence of leptospirosis
was among male patients, 1,411 (81.66%) cases, and when
we assessed the patients diagnosed with the disease by
age group, 40 to 59 years of age was the most frequent
group with 670 (38.77%) patients. As for the evolving of
the disease, in the majority of the cases, 1,415 (81.89%),
the outcome was cure (table 1).

DISCUSSION

From the analysis of DATASUS platform, we obser-
ved a total of 1,728 cases of leptospirosis notified betwe-
en the years 2012 and 2022 in Minas Gerais State. In 2020
there was a peak of notifications, 228 cases of the disease,
and in 2015 the lowest number of cases of leptospirosis
for the period was notified (115 cases). It was observed
that after the increase in the number cases that occurred
up until the year 2020, there was a decrease in the period
2021-2022. It can be a result of the sub-notifications that
occurred during the COVID-19 pandemic period, and
from repeated infection of the most exposed population
to the etiologic agent — people living in flooded areas,
lack of basic sanitation and/or areas with garbage accu-
mulation — which can acquire immunity to the disease
due to milder presentation of the disease.™

Leptospirosis is considered a mimetic disease, in
other words, this disease, in its milder form, is harder to
diagnose because it is similar to other illnesses such as
dengue fever, bacterial sepsis and malaria. The signs and
symptoms of leptospirosis can vary from a limited and
mild fever to many organs malfunction, which can cause
death. Most of the cases do not evolve to any complica-
tions, only around 10% do. Weil's syndrome is an example
of a complication of leptospirosis, which is characterized
by acute renal damage, jaundice, and conjunctival suffu-
sion. In addition to that, another common cause of death
by this infection is pulmonary haemorrhage.?

Leptospirosis is a disease which major risk factor is
related to floods and inundation, and because of that,
in years with higher volumes of rainfall there is a higher
occurrence of epidemic outbreaks of human leptospiro-
sis. The State of Minas Gerais is characterized by these
occurrences due to its geographic location.* In 2020, the
high number of cases detected in the Southeastern re-
gion of Brazil can be justified by the intensification of the
South Atlantic convergence zone with the sub-tropical
cyclone Kurumi above the Atlantic ocean, which boosted
the humidity in the whole region'?, demonstrating that
there is a need for natural disasters monitoring and alert
as a support to the public health management. The drop
in the notifications in the years 2021 and 2022 can be
explained by the COVID-19 pandemic and the mobilization
to tackle it, which prioritized COVID-19 to the detriment of
diseases with a lower incidence, such as leptospirosis. This
factor impacted on the detection of the disease, caused
sub-notification and worsened the clinical outcomes.®

Brazil has the highest number of leptospirosis cases

among the Latin American countries.!* That is due to the
hot and humid climate of countries located in the tropical
and sub-tropical regions, which fosters the survival of
the bacteria, as well as the intense rainfall regime found,
mainly in the Southeastern region, which favours the
transmission of leptospirosis because it causes floods
and inundation in the area.’® For that reason, it is impor-
tant to outline the epidemiological profile of the disease
in the country, mainly in the regions where there are
gaps in the tracking of the disease, basic infrastructure
and neglect — namely Minas Gerais State — in order to im-
plement public policies to prevent and fight the disease,
once it is a highly prevalent disease related to climate,
socioenvironmental and socioeconomic factors.’

As for the ethnic profile of the population from
Minas Gerais State that was affected by the disease, 800
(46.3%) cases occurred in white people, followed by 638
(36.92%) cases that occurred in brown/mixed, 163 (9.43%)
were ignored/blank, 118 (6.83%) in black people, 7 (0.40%)
in yellow/Asian, and 2 (0.11%) cases in indigenous people.

Regarding gender, a higher number of cases was
reported in male, 1,411 (81.66%) cases, whist 317 (18.34%)
in females. For this parameter, there is no difference in
the susceptibility to the disease, once infection can occur
in both genders when they are exposed to the same
infectious sources equally. However, men usually are
more exposed due to the type of work performed such
as work in areas with inundation, plantations and places
with garbage accumulation, and consequently, present a
higher risk of being affected by leptospirosis.”

With respect to the age group of patients diagno-
sed with leptospirosis, we observed that 4 (0.23%) cases
reported were under one year of age, 20 (1.16%) were
from 1 to 9 years old, 136 (7.87%) cases were from 10 to
19 years old, 660 (38.19%) from 20 to 39 years old, 670
(38.77%) from 40 to 59 years old, 228 (13.19%) from 60
to 79 years old, 9 (0,52%) cases were 80 or older, and
ignored/blank 1 (0.06%). The highest number of cases
occurred within the age group 40 to 59 years old, which
shows that this age group is more likely to be exposed to
the disease’s risk factors, such as crowded and flooded
spaces, than children and the elderly.’?

As for schooling, in the majority of the cases, 814
(47.11%), the information was ignored/blank, followed by
completed high school for 222 (12.85%) cases, and from
5t to incomplete 8 grade of elementary school for 164
(9.49%). The high number of missing information may be
related to errors in the filling out of the patient’s notifi-
cation files or the sending of inadequate records in the
system, making the information unavailable.’ In addition,
less schooling may contribute to a poor understanding of
prevention methods and the adoption of unhealthy prac-
tices, such as the inadequate accumulation of materials
that should be forwarded to recycling, and garbage.®

Regarding the evolving of leptospirosis illness, from
2012 to 2022, 159 (9.29%) deaths by the complications of
the disease were registered, and 2016 was the year with
the highest number of deaths. Cure was the most fre-
quent outcome with 1,415 (81.89%) patients discharged
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during the decade. The low number of deaths when com-
pared to the cure occurs due to the early and appropriate
diagnosis of the disease in its early stages, slowing down
its progression.?! Furthermore, the appropriate treatment
with penicillin G benzathine, ampicillin, and ceftriaxone is
another factor that contributes to the high cure rates.?

Although the disease presents a low fatality rate
due to the early diagnosis and correct treatment, it cause
high costs to the public health sector with medication
and hospital stays, mainly because it affects the lower
income populations more frequently, once they are more
exposed to precarious living conditions and sanitation.?

Thus, leptospirosis is an endemic infectious and
contagious disease, mainly associated to the rainfall regi-
mes, floods and inundation.?* In addition to that, disease
outbreaks are attached to social and living conditions,
basic sanitation, rodent infestation, and floods.? In this
perspective, transmission is boosted by socioenviron-
mental vulnerability, once the infection occurs by direct
or indirect contact with the urine of contaminated ani-
mals and is facilitated by the hydric component.?

Thus, it is necessary to maintain the disease under
control and to increase the effectiveness of early diag-
noses, and for that, it is important to adopt preventive
and health promotion measures in order to assure the
decrease in the transmission and health loss.?’

The present study outlined the epidemiological pro-
file and mapped leptospirosis in the State of Minas Gerais,
from 2012 to 2022, despite of the typical limitations of an
ecological study, namely the availability and quality of data.

The study results pointed out that the resources used
provided an epidemiological panorama of leptospirosis
cases in the State of Minas Gerais, and they can be an useful
tool for the healthcare professionals to rethink their practi-
ces and direct more investments in this area of knowledge,
in addition to create an opportunity to public managers to
plan preventive strategies specific to this population.

To delineate the epidemiological profile of leptospi-
rosis cases in the State of Minas Gerais is very important
because this is a region with favorable climate and socio-
geographic conditions to the disease, also, it is a location
where there are gaps in studies about the epidemiology
of leptospirosis and its characterization over the years.

Hence, it is necessary to understand the disease
dynamics, in order to make possible the implementation
of public measures for its prevention and control, taking
into account factors such as population characteristics
and the socioeconomic conditions of the location, so
that more effective strategies against leptospirosis can
be developed.

In accordance to the study results, we concluded
that among the leptospirosis cases in the State of Mi-
nas Gerais, from 2012 to 2022, there is a predominance
of male patients, white, from 40 to 59 years old. In the
period of the study, 1,728 cases of leptospirosis were
notified, and more than 80% resulted in the full recovery
of patient’s health status.

As demonstrated above, the objective of the study
was achieved by the use of quantitative analyses, making

possible to follow the number of cases and sociodemo-
graphic and clinico-epidemiological variables, which may
contribute to the development of public policies for the
reduction and prevention of the disease, which requires
strategies for health education together with the develo-
pment of infrastructure.

We highlight that studies using public domain
databases can minimize the costs and time, and at the
same time constitute reliable sources for research and
organization of public services and policies.
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ABSTRACT

Background and Objectives: Staphylococcus aureus is a pathogen of great clinical relevance, especially those
resistant to methicillin, called MRSA. Over the years, S. aureus antimicrobial resistance patterns have changed. Un-
derstanding such changes is essential to update protocols and propose efficient therapeutic approaches. This study
aimed to characterize the temporal distribution of S. aureus antimicrobial resistance in patients admitted to the
hospital as well as to assess its relationship with SCCmec typing. Methods: a total of 9,949 cultures of clinical materials
were analyzed, between January 2000 and October 2019, from patients admitted to a university hospital in southern
Brazil. All isolates had their identification and antimicrobial sensitivity profile analyzed using manual and automated
techniques. Furthermore, 86 isolates were selected for mecA gene research and SCCmec typing using conventional
and multiplex PCR techniques, respectively. Results: when assessing the temporal distribution of S. aureus over 20
years, it was possible to observe a drop in the proportion of MRSA compared to methicillin-sensitive S. aureus (MSSA).
Between 2000 and 2002, the frequency of MRSA was 58.5%, whereas that of MSSA was 36.7%. However, from 2003
onwards, there was a reversal of these percentages. At the end of the analyzed period, 55.2% of infections were cau-
sed by MSSA, whereas 36.2% contained MRSA isolates. Furthermore, in the period analyzed, the highest prevalence
was of SCCmec type II. Conclusion: these data suggest an epidemiological change in S. aureus from clinical materials,
with a change in the prevalent type of SCCmec and changes in the antimicrobial sensitivity profile exhibited by the
isolates. Such facts must be considered by the clinical staff with a focus on effective patient management, the choice
of appropriate antimicrobial therapy so that effective infection control measures are implemented.

Keywords: S. aureus. Clinical Epidemiology. MRSA. MSSA.
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RESUMO

Justificativa e Objetivos: Staphylococcus aureus é um patdgeno de grande relevancia clinica, especialmente
aqueles resistentes a meticilina, denominados MRSA. Ao longo dos anos, os padrdes de resisténcia antimicrobiana
dos S. aureus tém apresentado modificacdes. Compreender tais mudancas é fundamental para atualizar protocolos
e propor abordagens terapéuticas eficientes. O objetivo do estudo foi caracterizar a distribuicdo temporal da resis-
téncia antimicrobiana de S. aureus proveniente de pacientes internados no hospital, bem como avaliar sua relacdo
com a tipagem SCCmec. Métodos: foram analisadas 9.949 culturas de materiais clinicos, entre janeiro de 2000 e
outubro de 2019, de pacientes internados em um hospital universitario no sul do Brasil. Todos os isolados tiveram
sua identificacdo e perfil de sensibilidade aos antimicrobianos analisados por técnicas manuais e automatizadas.
Ainda, 86 isolados foram selecionados para a realizacdo da pesquisa do gene mecA e tipagem SCCmec, utilizando
a técnica de PCR convencional e multiplex, respectivamente. Resultados: avaliando a distribuicdo temporal dos S.
aureus ao longo de 20 anos, foi possivel observar queda na proporcdo de MRSA em comparacdo com o S. aureus
sensivel a meticilina (MSSA). Entre 2000 e 2002, a frequéncia de MRSA foi de 58,5%, enquanto que a de MSSA foi de
36,7%. No entanto, a partir de 2003, houve uma inversdo desses percentuais. Ao final do periodo analisado, 55,2%
das infeccoes foram ocasionadas por MSSA, enquanto que 36,2% continham isolados de MRSA. Ainda, no periodo
analisado, a prevaléncia maior foi do SCCmec tipo II. Conclusao: esses dados sugerem uma alteracdo epidemioldgica
em S. aureus provenientes de materiais clinicos, com alteracao do tipo SCCmec prevalente e modificagdes do perfil
de sensibilidade aos antimicrobianos exibidos pelos isolados. Tais fatos devem ser considerados pelo corpo clinico,
focando para que haja um manejo efetivo dos pacientes, escolha da terapia antimicrobiana adequada e para que
medidas de efetivas de controle de infec¢do sejam implementadas.

Descritores: S. aureus. Epidemiologia Clinica. MRSA. MSSA.

RESUMEN

Justificacion y Objetivos: Staphylococcus aureus es un patdégeno de gran relevancia clinica, especialmente los
resistentes a meticilina, denominado MRSA. Con el paso de los afos, los patrones de resistencia a los antimicrobianos
de S. aureus han cambiado. Comprender tales cambios es esencial para actualizar los protocolos y proponer enfoques
terapéuticos eficientes. El objetivo del estudio fue caracterizar la distribucion temporal de la resistencia antimicro-
biana de S. aureus en pacientes ingresados en el hospital, asi como evaluar su relacién con la tipificacion de SCCmec.
Métodos: se analizaron 9.949 cultivos de materiales clinicos, entre enero de 2000 y octubre de 2019, de pacientes
ingresados en un hospital universitario del sur de Brasil. Se analizd la identificacion y el perfil de sensibilidad antimi-
crobiana de todos los aislados mediante técnicas manuales y automatizadas. Ademas, se seleccionaron 86 aislados
para la investigacién del gen mecA vy la tipificacion de SCCmec, utilizando técnicas de PCR convencional y multiple,
respectivamente. Resultados: al evaluar la distribucién temporal de S. aureus durante 20 afios, fue posible observar
una caida en la proporcidon de MRSA en comparacion con S. aureus sensible a meticilina (MSSA). Entre 2000 y 2002, la
frecuencia de MRSA fue del 58,5%, mientras que la de MSSA fue del 36,7%. Sin embargo, a partir de 2003, se produjo
una reversion de estos porcentajes. Al final del periodo analizado, el 55,2% de las infecciones fueron causadas por
MSSA, mientras que el 36,2% contenia aislados de MRSA. Ademas, en el periodo analizado, la mayor prevalencia fue
de SCCmec tipo II. Conclusién: estos datos sugieren un cambio epidemiolégico en S. aureus a partir de materiales
clinicos, con un cambio en el tipo prevalente de SCCmecy cambios en el perfil de sensibilidad antimicrobiana exhibido
por los aislados. El personal clinico debe considerar estos hechos, centrandose en el tratamiento eficaz del paciente, la
eleccién del tratamiento antimicrobiano adecuado y la implementacion de medidas eficaces de control de infecciones.

Palabras Clave: S. aureus. Epidemiologia Clinica. MRSA. MSSA.

INTRODUCTION

Staphylococcus aureus is a versatile pathogen,
present in a wide variety of infections. These can be loca-
lized, both in soft tissues and in systemic infections, such
as bacteremia. Due to the high potential to acquire anti-
microbial resistance genes and high number of virulence
factors, S. aureus has been prominent as a causative agent
of infection in both hospital and community settings.!

Among S. aureus isolates, those with methicillin
resistance (Methicillin-Resistant S. aureus - MRSA) are

the one that, so far, are prevalent in infectious processes.
Methicillin resistance occurs by the acquisition of the
mecA gene, located in a mobile genetic element called
the Staphylococcal Chromosome Cassette mec (SCCmec),
which encodes a Penicillin-Binding Protein (PBP) with low
affinity for beta-lactams called PBP2a.?

Multicenter studies have shown that the frequency
and epidemiology of S. aureus has currently been chan-
ging in several geographic regions. Allied to this fact,
MRSA isolates, commonly found in community settings,
and called community-acquired Metbhicillin-resistant S.
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aureus (CA-MRSA), have been described in hospital set-
tings. Similarly, isolates described as Hospital-Acquired
Methicillin-resistant S. aureus (HA-MRSA) have been
found in community settings. This interchange and emer-
gence of infections caused by CA-MRSA and HA-MRSA
has significantly altered therapeutic management.34>

MRSA isolates, related to nosocomial infections,
have often been described as multidrug resistant, i.e,,
besides to beta-lactam resistance, they are resistant to
several other classes of antimicrobial agents, including
macrolides, lincosamines, fluoroquinolones and amino-
glycosides. In addition to the characteristic resistance
profile, these isolates usually contain SCCmec elements
types I, Il or Ill. CA-MRSA, on the other hand, is routinely
described as susceptible to most non-beta-lactam anti-
microbial agents and carriers of SCCmec types IV and V.6

In Brazil, there are few data on the molecular epi-
demiology of MRSA and its relationship to antimicrobial
susceptibility. Therefore, this study aimed to assess the
distribution of S. aureus from these infections over the
last 20 years according to antimicrobial resistance pat-
terns and to establish a relationship with the SCCmec
types circulating in a hospital in southern Brazil.

METHODS

A retrospective, observational, cross-sectional study
was carried out with patients from a 431-bed Sentinel Net-
work tertiary university hospital located in southern Brazil.

From January 2000 to October 2019, 9,949 cultures
of blood, skin and soft tissues, bone fragments, respiratory
secretions, cavitary fluids, urine, among others, positive for
S. aureus, were assessed using the AGTA Healthcare Infor-
mation System database, LABHOS® module, of the micro-
biology sector of the hospital's clinical analysis laboratory.

The identification of all isolates, as well as their
antimicrobial sensitivity profile, and Minimum Inhibitory
Concentration (MIC), according to Clinical & Laborato-
ry Standard Institute (CLSI), was performed using the
MicroScan WalkAway® (Beckman Coulter), Phoenix®
(Becton, Dickinson) or Vitek2® (bioMérieux- Durham, NC,
USA) automated systems, according to the study period,
following the manufacturer’s guidelines.

Vancomycin's MIC, for S. aureus, was determined
by the Etest® method, using plastic strips containing the
antimicrobial in a concentration gradient from 0.16 to 256
pg/mL, according to the manufacturer's recommendations.

Isolates that showed a MIC for oxacillin > to 4 pg/
mL were designated MRSA, whereas those with a MIC for
oxacillin < 2 ug/mL were considered MSSA. Isolates that
showed a MIC for benzylpenicillin < 0.12 pg/mL were
categorized as PSSA.

After phenotypic analysis, for convenience, 100 S.
aureus isolates, from clinical materials, previously stored
in the bacteria bank of the microbiology department,
were selected for molecular testing.

Total DNA was extracted using alkaline method proto-
col,” and the genetic identification of S. aureus was confirmed
using the coagulase (coa) and thermonuclease (nuc) genes.®?

The mecA gene research as well as the typing of SCCmec
elements was performed using a multiplex PCR protocol.1°

MRSA strains type I (NCTC10442), type II (N315),
type III (85/2082), type IV (JCSC4744), and type V (WIS)
were used as quality control.

The most frequent MIC50 and MIC90 for antimi-
crobial agents, which correspond to 50 and 90% of the
isolates, were calculated and a comparison between
MRSA and MSSA was traced. Of the 9,949 isolates, for
convenience, 2,904 isolates were selected for data analy-
sis relating to MIC 50 and MIC 90.

Results of MICs for oxacillin, benzylpenicillin,

ceftaroline, erythromycin, clindamycin, ciprofloxacin,
daptomycin, levofloxacin, prulifloxacin, gentamicin,
sulfamethoxazole-trimethoprim, rifampicin, linezolide,

fusidic acid, teicoplanin and tigecycline, and for S. aureus
were assessed by the Vitek2®, MicroScan WalkAway® or
Phoenix® systems, depending on period, using panel
for gram-positive microorganisms, obtained using the
Observa® data management system.

Statistical Package for the Social Sciences (SPSS -
IBM Corp., New York, USA) version 20.0 for Windows was
used for statistical analysis. MRSA annual trend as well as
MSSA prevalence were studied by linear regression using
GraphPad Prism v.6.01 (GraphPad Software Inc., La Jolla,
CA). Chi-square test was used for categorical variables, and
Fishers Exact test, for continuous variables, when appropri-
ate. Value < 0.05 was considered statistically significant.

The study was submitted to the Universidade
Estadual de Londrina (CEP/UEL) Research Ethics Com-
mittee, under Certificate of Presentation for Ethical
Consideration (CAAE - Certificado de Apresentac@o para
Apreciacdo Etica) 78657317.0.0000.5231, The study was
approved under Opinion 2.344.065 and respected all the
ethical precepts of Resolutions 466/2012, 510/2016 and
580/2018 of the Ministry of Health.

RESULTS

The results of 9,949 cultures positive for S. aureus, per-
formed from January 2000 to October 2019, were analyzed.
It was found that the frequency of S. aureus was higher in
male patients (6,128/9,949; 61.6%). About age, there was a
range from 0 to 98 years, with a median of 45 years.

As for material collection, S. aureus was isolated
most frequently in skin and soft tissues (3,392/9,949;
35%), respiratory secretions (1,698/9,949; 17%), and
blood (1,575/9,949; 16%). The majority of patients,
6,696/9,949 (67%), were hospitalized, and of these, 23.2%
(2,308/9,949) were in Intensive Care Units (ICU). As for
the clinical outcome, 79% (7,860/9,949) of patients were
discharged from the hospital, whereas 21% (2,089/9,949)
eventually died.

The overall resistance to oxacillin was 45%
(1,306/2,904), with MIC50 and MIC90 of 0.5 pg/mL and
4.0 pg/mL, respectively. For ceftaroline, although 100%
of MSSA isolates were sensitive, 5% (145/2,904) of the
MRSA showed resistance (MIC50/90, 1.0/1.0 pg/mL), as
shown in Table 1.
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Resistance to fluoroquinolones was found ranging
from 4% (398/9,949), for ciprofloxacin, and 3% (298/9,949),
for levofloxacin, in MSSA isolates, to 85% (8.456/ 9,949)
and 89% (8,854/9,949), respectively, for MRSA isolates.
However, for prulifloxacin, a new fluoroquinolone, no
resistance rates were found.

The macrolide, lincosamine and streptogramin B
resistance phenotype (MLSB) was more frequent for
MRSA (85% - MIC50/90, 8/8 pug/mL) than for MSSA (30%
-MIC50/90, 0.25/0.25 pg/mL).

As for vancomycin, intermediate resistance was
seen in 7.5% of MSSA isolates (MIC50/90 1.5/2.0 ug/mL)
and in 5% of MRSA isolates (5% - MIC50/90, 1.5/3.0 pg/
mL). All isolates were sensitive to linezolid (MIC50/90,

2.0/2.0 pg/mL), daptomycin (MIC50/90, 0.25/1.0 pg/mL)
and tigecycline (MIC50/90, 0.12/0.12 yg/mL) (Table 1).
Between 2000 and 2002, a higher percentage of
MRSA (58.5%) causing infectious processes was found in
MSSA (36.5%). However, starting in 2003, a reversal in the
frequency of S. aureus with respect to methicillin suscep-
tibility was observed. MSSA infections increased to 59.9%
in 2019, whereas those caused by MRSA reduced to 29%.
Another important fact was the positive trend of PSSA
isolates as promoters of the infectious process, which
increased from 4.8% in 2000 to 11.1% in 2019 (Figure 1).
Between 2000 and 2002, a large proportion of iso-
lates (88%) belonged to antibiotypes A and B. However,
there was a significant reduction in microorganisms be-

Table 1. Minimum Inhibitory Concentration (MIC50 and MIC90) and percentage of resistance to antimicrobial agents of 2,904 S.
aureus and vancomycin from 303 isolates identified in a hospital in southern Brazil from March 2012 to October 2019.

MSSA (1.638)

MSSA (1.266)

MIC, / MIC, (ug/mL) R (%) MIC, /MIC,, (ug/mL) R (%) p-value

Benzylpenicillin 0.5/0.5 83 0.5/05 100

Oxacillin 0.25/0.5 00 4.0/ 4.0 100 <0.05
Ceftaroline 0.25/0.25 00 1.0/1.0 5 <0.05
Erythromycin 0.25/8.0 37 8.0/8.0 89 < 0.05
Clindamycin 0.25/0.25 30 8.0/ 8.0 85 <0.05
Ciprofloxacin 0.5/05 4 8.0/ 8.0 85 < 0.05
Daptomycin 0.25/1.0 0 0.25/1.0 0

Levofloxacin 0.25/0.25 3 8.0/ 8.0 89 <0.05
Prulifloxacin 0.5/1.0 0 0.5/0.5 0

Gentamicin 0.5/0.5 1 0.5/16.0 14 <0.05
Rifampicin 0.5/0.5 1 0.5/0.5 8 <0.05
Linezolid 2.0/2.0 0 2.0/20 0

Tigecycline 0.12/0.12 0 0.12/0.12 0

Fusidic acid 0.5/0.5 1 0.5/0.5 2

Teicoplanin 0.5/0.5 3 0.5/05 8 < 0.05
Sulfamethoxazole/trimethoprim 0.5/ 0.5 3 0.5/1.0 10 < 0.05
Vancomycin** (303) 15/20 7.5 15/3.0 5

Caption: MSSA — methicillin-sensible Staphylococcus aureus; MRSA - methicillin-resistant Staphylococcus aureus; MIC - Minimum Inhibitory Concentration; R - antimicrobial

resistance; **Minimum inhibitory concentration assessed by E-test® for 303 isolates.
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MSSA 36,7 55,3 54,1 51,8 47,6 55,2 59,9

MRSA 585 434 428 456 41,9 362 29,0

Caption: PSSA — penicillin-susceptible Staphylococcus aureus; MSSA — methicillin-susceptible Staphylococcus aureus; MRSA — methicillin-resistant Staphylococcus aureus.

Figure 1. Temporal distribution of beta-lactam resistance for 9,949 S. aureus identified in cultures of clinical materials
in a hospital in southern Brazil from January 2000 to October 2019.
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90
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percentage of antibiotypes

time period | 2000-2002 | 2006-2009

2010-2012 | 2013-2015 | 2016-2018

—a—MRSA A 47 24

7,5 5 6

—o-MRSA B 41 37

7.1 0,6 0,3

—o—MRSA C 4

15 8 4

—o—\RSA D 0

40 64 74

MRSA G 3 11

6,8 10 9

Caption: A - sensitive to tigecycline and linezolid. Resistant to oxacillin, penicillin, erythromycin, clindamycin, ciprofloxacin, gentamicin, sulfamethoxazole—trimethoprim, rifampicin;
B - sensitive to tigecycline, linezolid and rifampicin. Resistant to oxacillin, penicillin, erythromycin, clindamycin, ciprofloxacin, gentamicin, sulfamethoxazole-trimethoprim; C -
sensitive to tigecycline, linezolid, rifampicin and sulfamethoxazole—trimethoprim. Resistant to oxacillin, penicillin, erythromycin, clindamycin, ciprofloxacin, gentamicin; D - sensitive
to tigecycline, linezolid, rifampicin, sulfamethoxazole-trimethoprim, and gentamicin. Resistant to oxacillin, penicillin, erythromycin, ciprofloxacin and clindamycin; G - sensitive to
tigecycline, linezolid, rifampicin, sulfamethoxazole-trimethoprim, gentamicin, erythromycin, ciprofloxacin and clindamycin. Resistant to oxacillin and penicillin.

Fugure 2. Temporal distribution of the most frequent antibiotypes for 3,517 clinical MRSA isolates from January 2000

to October 2019.
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Caption: HI - healthcare-related infection; Cl - community-related infection; SCCmec types: I, Il, Ill, IV; NT - non-typeable.

Fugure 3. Temporal distribution of SCCmec types identified among MRSA isolates from skin and soft tissues from
January 2010 to May 2018 (a) and SCCmec elements identified among MRSA from healthcare-related infections and
from community-acquired infection from January 2010 to May 2018 (b).

longing to these antibiotics, falling to 61% between 2006
and 2009 and just 1.2% in 2019 (Figure 2).

On the other hand, antibiotype D, which had not
been identified before 2005, gradually started to increa-
se in 2006, jumping from 5% to 74% in the last period of
analyses, between 2016 - 2018. This antibiotype, curren-
tly, is the predominant.

Among the isolates selected for molecular analysis,
the mecA gene was found in 86% (86/100) of assessed
isolates. These were typed for SCCmec elements. Typing
revealed SCCmec type Il as the most frequent, being descri-
bed in 48.8% (42/86) of the isolates. SCCmec types IV, I and

non-typeable isolates were identified at lower frequencies,
13.9% (12/86), 11.6% (10/86) and 8.1% (7/86), respectively.
Comparing the types of SCCmec identified among
MRSA related to hospital-acquired and community-acquired
infections, type II was found to be the most frequent in
both groups, with 36/65 (55.3%) and 13/21 (61.9%), res-
pectively. The percentage of isolates with SCCmec type IV
was higher in the group of community-origin infections
(5/21; 23.8%) than in the group of hospital-origin infections
(7/65; 10.7%). On the other hand, the proportions of SCCmec
type Iwere very similar in both, community-origin infections
(2/21; 9.5%) and hospital-origin infections (8/65; 12.3%).
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SCCmec type Il was identified only in isolates from patients
with hospital-origin infection (8/65; 12.3%) (Figure 3).

When assessing the distribution of identified SCC-
mec types over time, it is possible to see an upward trend
in the frequency of isolates with cassette type Il from 17/
36 (48%) in the first period (2010-2011) to 15/26 (58%) in
the second (2015-2016) and to 17/24 (71%) in the third
(2017-2018) (Figure 3).

However, there was a decrease in the frequency
of isolates carrying SCCmec type I from 16.6% (6/36),
between 2010 and 2011, to 7.6% (2/26), between 2015
and 2016, and 8.3% (2/24), between 2017 and 2018. In
the period analyzed, therefore, there is maintenance in
the frequency of isolates carrying SCCmec type Ill and an
increase in S. aureus carrying type IV from the first to the
second period (8.3%; 3/36), in the first period (2010-2011) and
(26.9%; 7/26) in the second period (2015-2016), decreasing to
8.3% (2/24) in the third period assessed (2017 to 2018).

A relationship was made between the antimicrobial
resistance profile, antibiotypes, and SCCmec type pre-
sented by isolates from skin and soft tissues infections.

MRSA isolates that had SCCmec type I were cha-
racterized as belonging to antibiotype C in all samples
analyzed (100%). Similarly, 90% of S. aureus with SCCmec
type II belonged to antibiotype D, and 87.5% of type III
belonged to antibiotypes A and B (Figure 4).

Among MRSA containing SCCmec type 1V, this rela-
tionship was not so evident. Most strains were associated
with antibiotype G (43%), which is characteristically sensitive
to non-beta-lactam drugs; however, this genotype was also
identified in more resistant isolates, such as antibiotypes A,
B and Cin 8% each, and D in 15% of the isolates analyzed.

DISCUSSION

In this study, there was a change in the epidemiol-
ogy of S. aureus over a 20-year period. Our data indicate
a decline in the frequency of MRSA and a corresponding
increase in MSSA as well as PSSA. In addition to this,
there was evidence of a change in the SCCmec types of
MRSA isolated from skin and soft tissues infections, and
a relationship between the changing pattern of S. aureus
resistance and molecular characteristics.

Studies have pointed to a change in the epidemiol-
ogy of S. aureus in recent years.!'*213 Going against this
statement, this paper reports a change, as it verified a
decline in the proportion of MRSA, with a consequent
increase in MSSA, which may indicate an important epi-
demiological change.

In a publication by the multicenter antimicrobial
surveillance program, SENTRY, 191.460 S. aureus ob-
tained from diverse sites were assessed over a 20-year pe-
riod. The overall frequency of MRSA was 77,146 (40.3%) and
ranged from 26.8% in Europe and 47.0% in North America.
Methicillin resistance trend analysis over time showed that
the proportion of MRSA among S. aureus isolates increased
from 33.1% from 1997-2000 to 44.2% in 2005-2008 and
then decreased to 42.3% from 2009-2012 and 39.0% from
2013-2016. Such data reinforce the results of this study and
are in line with data from a study carried out in Germany
with 146,561 isolates, whose data demonstrate a drop in the
percentage of MRSA causing infectious processes.! 3

There was a reduction in the antimicrobial resis-
tance profile exhibited by MRSA isolates between 2010
and 2015. Resistance to last-line antimicrobial agents,

others )
G |
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<
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| 0 0 100 0 0 0
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Caption: I, Il, Ill, IV- types of SCCmec; A - sensible to tigecycline and linezolid. Resistant to oxacillin, penicillin, erythromycin, clindamycin, ciprofloxacin, gentamicin, sulfamethoxazo-

le—trimethoprim, rifampicin; B - sensible to tigecycline, linezolid and rifampicin. Resistant to oxacillin, penicillin, erythromycin, ciprofloxacin, clindamycin, gentamicin, sulfametho-
xazole—trimethoprim; C - sensible to tigecycline, linezolid, rifampicin and sulfamethoxazole—trimethoprim. Resistant to oxacillin, penicillin, erythromycin, ciprofloxacin, clindamycin,
gentamicin; D - sensible to tigecycline, linezolid, rifampicin, sulfamethoxazole - trimethoprim, and gentamicin. Resistant to oxacillin, penicillin, erythromycin, ciprofloxacin and clindamycin;
G - sensible to tigecycline, linezolid, rifampicin, sulfamethoxazole-trimethoprim, gentamicin, erythromycin, ciprofloxacin and clindamycin. Resistant to oxacillin and penicillin.

Fugure 4. Correlation between antibiotypes and SCCmec types for 86 MRSA isolates obtained from skin and soft

tissues from January 2010 to May 2018.
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including ceftaroline, daptomycin, linezolid, tigecycline,
vancomycin, and teicoplanin, remained almost non-exis-
tent.? Concerning the time trend of MRSA, we found higher
resistance rates for clindamycin, ceftaroline, and vancomy-
cin, which may be explained by sampling divergence.

In a study from Wisconsin state, USA, that assessed
309 clinical isolates of S. aureus collected from microbi-
ology laboratories, as part of another multicenter surveil-
lance study, resistance to penicillin was reported in 86% of
isolates, to methicillin, in 56.8%, to levofloxacin, in 25%, and
to clindamycin, in 20.5%. In addition, MRSA was found to
have higher resistance rates for clindamycin, erythromycin
and levofloxacin when compared to MSSA isolates.*

Almost all S. aureus demonstrated sensitivity to
ceftaroline, dalbavancin, telavancin, and vancomycin
(MIC90 of 1 pg/mL). The proportion of MRSA decreased
continuously from 16% in 2010 to 10% in 2015. Interest-
ingly, according to studies using S. aureus isolated from
blood stream infections in Canada and Finland, there was
a reduction in penicillin resistance and decrease in MRSA
isolates, a fact also observed in this study.?>¢

Also according to another study, treatment with
penicillin in patients infected with penicillin-sensitive
isolates has some advantages, such as low spectrum of
action, low cost, and less association to secondary in-
fections, as Clostridium difficile infection. They also offer
advantages in terms of pharmacokinetics and pharmaco-
dynamics, since they have a lower MIC compared to wild-
type strains than cloxacillin and cefazolin, requiring a lower
dose to reach an effective therapeutic concentration.®®

On the other hand, MRSA carrying community-ac-
quired SCCmec type IV (CA-MRSA) has been frequently
reported in hospital-acquired infections. Staphylococcus
aureus has been noted as a frequent infectious agent in
outpatients; however, a modification in the epidemiology
of these infections has been occurring in recent years.'”- 18

With this epidemiological shift in mind and its rela-
tionship to the antimicrobial sensitivity profile in isolates
from bloodstream infections, a study with 792 patients
with MRSA infections, admitted in a hospital in Japan,
between 2010 and 2016, was investigated. The authors
found that isolates carrying SCCmec type II, character-
istic of HA-MRSA, prevalent in 2010, were replaced by
SCCmec type IV MRSA related to CA-MRSA. Moreover,
according to them, there was a change in the sensitivity
profile, supporting the molecular finding. Importantly, in
this study, there was also an increase in the frequency of
SCCmec type IV MRSA isolates.?®

In another study, 45 MRSA isolated from patients
admitted to ICUs between 2005 and 2010 were assessed.
All isolates tested showed resistance to clindamycin,
erythromycin, and levofloxacin. Regarding SCCmec el-
ements, isolates showed types III (66.7%), 1I (17.8%), IV
(4.4%), and I (2.2%). In this study, the isolates with SCC-
mec type III were related to the Brazilian endemic clone
(ST239, CC8, SCCmec type III), predominant between 2005
and 2007, whereas the USA100/CC5/SCCmec Il strain, which
emerged in 2007, was more frequent in recent years.?°

In our study, differently, SCCmec type II conductor

isolates were the most frequent throughout the assessed
period, with type III, throughout the assessed period,
decreasing in frequency. This change in the prevalent
clone as well as decrease in the frequency of isolates with
SCCmec type Il is in line with what was reported.?
Other authors have reported that similar events,
such as emergence, expansion and decline of one MRSA
clone with replacement by another clone, have occurred
repeatedly in the MRSA evolutionary process. Further-
more, there is the report of CA-MRSA clones will likely
become dominant in hospitals due to the fact that there
is an expanding reservoir of MRSA in the community and
its continued influx into the hospital.?#23
In a study conducted between 2014-2015, it was
observed that 27% of S. aureus bloodstream infections
were caused by isolates carrying SCCmec type IV related
to the community ST80 clone. This finding indicates that
clones of community origin, when within hospital set-
tings, behave more like HA-MRSA and can cause more
severe infections with more difficult treatment.?*2
Furthermore, the potential for these isolates to be-
come multidrug resistant in healthcare settings is a wor-
risome factor. In fact, the authors identified an ST80-IV
isolate resistant to seven different classes of antimicrobial
agents, such as fluoroquinolones, macrolides, clindamy-
cin, tetracyclines, fusidic acid, rifampin, and gentamicin.
With these 20-year analyses, we observed an in-
crease in the population of PSSA and MSSA as a cause of
infections, and a consequent reduction in MRSA. More-
over, the antimicrobial sensitive prefile has changed.
Antimicrobial resistance is a life mechanism that needs
constant monitoring and knowledge of local epidemiol-
ogy for institutions of the best clinical therapies.
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ABSTRACT

Background and Objectives: it is extremely important and necessary to assess epidemiological events through
the analysis of measures adopted at the time of crises, especially those with a health impact as a way of improving the
system for future events, with testing being a gold standard to be assessed during an epidemic. This study aimed to
analyze tests for COVID-19 diagnosis, with a view to detecting possible false negative results, in Parnaiba, Piaui, from
March to December 2020. Methods: a statistical analysis of the data reported and made available by the Municipal
Health Department using the IBM SPSS Statistics® 21.0 software, in which the variables type of test, date of symptom
onset and date of material collection were crossed to obtain the results. Results: a total of 9,473 tests were negative,
of which 11.1% were carried out using the RT-PCR methodology, 6.5% using rapid antigen tests, and 82.3% using a
rapid antibody test. The analysis revealed that only 0.47% RT-PCR tests and 1.7% rapid antigen tests had been carried
out within the ideal testing interval. On the other hand, the rapid antibody test had 0.14% performed outside the
range. Conclusion: the most successful diagnostic test was the rapid antibody test, but it is the least specific and not
suitable for determining health crisis management policies, especially for isolation measures for infected people, which
suggests improvements in testing systems and development of tests with longer and more accurate testing intervals.

Keywords: SARS-CoV-2. Epidemiology. Clinical Laboratorial Techniques. Public Health.

RESUMO

Justificativa e Objetivos: é de suma importancia e necessidade a avaliacdo dos eventos epidemioldgicos por
meio da analise das medidas adotadas no momento das crises, em especial aqueles de impacto sanitario como forma
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de melhor o sistema para eventos futuros, sendo a testagem um padrdo-ouro a ser avaliado durante uma epidemia.
O objetivo deste estudo foi analisar os testes para o diagndstico de COVID-19, na perspectiva de detectar possiveis
resultados falsos negativos, em Parnaiba, Piaui, de mar¢o a dezembro de 2020. Métodos: anélise estatistica dos
dados notificados e disponibilizados pela Secretaria Municipal de Saude a partir do software IBM SPSS® Statistics
21.0, em que as variaveis tipo de teste, data do inicio dos sintomas e data da coleta do material foram cruzadas
para obtenc¢do dos resultados. Resultados: 9.473 testes resultaram negativo, em que 11,1% foram realizados pela
metodologia RT-PCR, 6,5%, pelos testes rapidos de antigeno, e 82,3%, por teste rapido de anticorpo. A analise revelou
que apenas 0,47% testes por RT-PCR e 1,7% testes rapidos de antigeno haviam sido realizados dentro do intervalo
ideal de testagem. Por outro lado, o teste rapido de anticorpo teve 0,14% realizados fora do intervalo. Conclusao: o
teste com maior sucesso de diagnéstico foi o teste rapido de anticorpo, porém é o menos especifico e ndo adequado para
determinacdo de politicas de gerenciamento de crise sanitaria, em especial para medidas de isolamento de infectados, o
que sugere melhorias em sistemas de testagem e desenvolvimento de testes com intervalos de testagem maior e precisos.
Descritores: SARS-CoV-2. Epidemiologia. Diagnéstico Laboratorial. Satde Publica.

RESUMEN

Justificacion y Objetivo: es sumamente importante y necesario evaluar los eventos epidemioldgicos a través
del analisis de las medidas adoptadas en el momento de las crisis, especialmente aquellas con impacto en la salud,
como una forma de mejorar el sistema para eventos futuros, siendo las pruebas un estandar de oro a ser evaluado
durante una epidemia. El objetivo de este estudio fue analizar pruebas para el diagnostico de COVID-19, con miras
a detectar posibles resultados falsos negativos, en Parnaiba, Piaui, de marzo a diciembre de 2020. Métodos: anélisis
estadistico de los datos reportados y puestos a disposicién por la Secretaria de Salud Municipal mediante el software
IBM SPSS® Statistics 21.0, en el cual se cruzaron las variables tipo de prueba, fecha de inicio de sintomas y fecha de
recoleccién del material para obtener los resultados. Resultados: un total de 9.473 pruebas resultaron negativas, de
las cuales el 11,1% se realizaron mediante la metodologia RT-PCR, el 6,5% mediante pruebas rapidas de antigenos y
el 82,3% mediante prueba rapida de anticuerpos. El analisis revelé que solo el 0,47% de las pruebas RT-PCRy el 1,7%
de las pruebas rapidas de antigenos se habian realizado dentro del intervalo de prueba ideal. Por otro lado, la prueba
rapida de anticuerpos tuvo un 0,14% realizado fuera del rango. Conclusién: la prueba diagndstica mas exitosa fue
la prueba répida de anticuerpos, pero es la menos especifica y no adecuada para determinar politicas de gestion de
crisis sanitarias, especialmente para medidas de aislamiento de personas infectadas, lo que sugiere mejoras en los
sistemas de pruebas y desarrollo de pruebas con tiempos més largos y precisos. intervalos de prueba.

Palabras Clave: SARS-CoV-2. Epidemiologia. Técnicas de Laboratério Clinico. Salud Publica.

INTRODUCTION COVID-19 tend to concentrate in unvaccinated popula-
tions.*

The gold standard diagnosis for identifying the
SARS-CoV-2 virus is made using reverse transcription
polymerase chain reaction (RT-PCR) with real-time
amplification, and, for molecular identification of the
variant, partial or total sequencing of the viral genome is
necessary. RT-PCR depends on the reverse transcriptase
enzyme, which specifically amplifies the fragment of in-
terest. When testing for the virus, the first complementa-
ry DNA (cDNA) is synthesized using reverse transcriptase
followed by polymerase chain reaction (PCR). This offers
greater sensitivity and specificity than nucleic acid tests.’

Ideally, collection should be carried out after the
appearance of symptoms, between the third and fifth
day and up to seven days after the event, since in sam-
ples collected early or late, false negative results can
be obtained, and the same may occur with insufficient
material collection methodology from the nasopharynx
or contaminated samples.®

Like all other viral infections, the body reacts to the
presence of the virus by producing antibodies, initially
of the immunoglobulin A (IgA) class, followed by immu-
noglobulin M (IgM) and immunoglobulin G (IgG). Sero-

COVID-19 was first reported in the Chinese province
of Wuhan in 2019. From then on, the number of infected
cases grew on a global scale, which is why it was classi-
fied by the World Health Organization (WHO) as a health
emergency public interest of international concern

Caused by SARS-CoV-2, COVID-19 is a disease
with a varied clinical appearance, and can present from
asymptomatic to severe conditions leading to death. De-
pending on the emergence of the first and subsequent
cases, approximately 80% of patients are asymptomatic
and 20% of detected cases require hospital care.

The clinical picture of the disease occurs after an
incubation period of between two and 14 days, and the
most common symptoms are dry cough, fever, dyspnea,
headache, myalgia, fatigue and diarrhea.? Acute respira-
tory distress syndrome (ARDS) is one of the most serious
complications, associated with prolonged hospitalization
and high mortality.

Moderate and severe cases require hospitalization
with drug therapy with antipyretics, antivirals, antibiotics
and steroids.?* The advent of the vaccine and its complete
progression in adults has meant that severe cases of
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logical testing can be implemented using two different
techniques: ELISA and immunochromatographic assays.
Most COVID-19 patients begin producing antibodies
between seven and 11 days after exposure to the virus,
although some may develop antibodies sooner.” Rapid
tests are the types of serological tests that detect an-
tibodies produced upon exposure to the virus. Instead,
they could also be based on the detection of antigenic
viral proteins in patient samples. They are less sensitive
than nucleic acid-based tests.2

The rapid antigen test, a test that emerged later,
is an immunochromatographic assay that qualitatively
detects SARS-CoV-2 antigens against the infection, and
must be performed between the second and seventh
day of the onset of symptoms. Its performance does not
require complex structures or specialized devices, most
of the time generating a rapid diagnostic response, which
helps prevent vertical transmission of the disease.’

In addition to the availability and distribution of
vaccines, local, social and demographic characteristics
must be taken into account in response strategies to
the epidemic, since the country has a large population,
distributed unevenly across the territory, with cultural and
cultural differences. geographical areas that can influence
adherence to interventions, in addition to showing marked
social inequalities and in access to health services. °

In cases of health crises, the priority is to establish
the profile of the infection by recognizing the etiological
agent and testing the population so that it is possible
to outline combat and prevention measures. Analyzing
testing is a way of assessing the combat measures adop-
ted and generating knowledge on how to act in future
situations. The study took place with the purpose of
analyzing tests for COVID-19 diagnosis, with a view to
detecting possible false negative results in the state of
Piaui, with data reported to the Municipal Health Depart-
ment through Epidemiological Surveillance, available for
notification to the Ministry of Health (MoH).

METHODS

This is a descriptive epidemiological study. The
research was carried out with epidemiological data from
the city of Parnaiba, state of Piaui, Northeast region of
the country, collected at the Municipal Health Surveil-
lance Department, covering the period from March to
December 2020, tabulated in Microsoft® Office Excel
2010 software. for Microsoft® Windows 10. These were
transferred to the researchers in their original format
in Microsoft® Office Excel 2010 and then exported to
IBM SPSS® Statistics software. Data were described with
sociodemographic (gender, age, city of residence) and
clinical-epidemiological variables (date of notification,
type and result of the test, date of onset of symptoms,
date of testing, symptoms, associated disease conditions
pre-existing conditions and description of symptoms).

In Microsoft® Office Excel 2010, the data was sort-
ed, and those that were incomplete or had typing errors
that compromised understanding for data analysis were
excluded from the study. To have an overview of diag-
nosis, data confirmed by clinical-epidemiological criteria
and diagnostic imaging were initially considered only as
complementary information, being excluded in statistical
analyses, as they are non-specific for diagnosis. Negative
data were classified as discarded and non-specific flu-like
syndromes, with those tested using RT-PCR or serology
methods being selected, followed by import into IBM
SPSS® Statistics 21.0, for statistical analysis and obtaining
results through graphs and tables.

For data analysis, the time intervals from the onset
of symptoms to the test were classified using the terms
“adequate”, when they comply with the test usage in-
terval, or “inadequate”, when they do not comply with,
following the MoH recommendations based on the Epi-
demiological Surveillance guide, which recommends the
ideal intervals and tests for an accurate diagnosis, with
parameters for appropriate intervals after the onset of
symptoms: RT-PCR test, for an interval of three to sev-
en days; rapid antibody test, for intervals > eight days;
rapid antigen test, for an interval of two to seven days;
ELISA IgM and IgG test, for intervals > eight days. Tests
performed outside these standards will be classified as
inadequate.

After data analysis, 2,775 cases were excluded,
with the exclusion criterion being the unavailability of
complete data, making them invalid for the study. The
remaining quantity was 16,880 suitable tests, of which
7,346 totaled positive results with a higher percentage
of 36.84%, confirmed by laboratory criteria. On the other
hand, 9,534 was the total number of negative cases, of
which 3.29% were ruled out for COVID-19 and 45.2% were
classified as non-specific flu-like syndrome (Figure 1).

After classification, the mean and standard devia-
tion of the time intervals between the onset of symptoms
and the tests were calculated according to adequacy
classification. Variables were summarized as medians
and interquartile ranges, while categorical variables were
expressed as counts and percentages. Odds Ratios (OR)
with 95% Confidence Intervals were calculated to identify
risk factors in univariate logistic regression models. After
obtaining statistical results, graphs and tables were ge-
nerated in the present study.

All ethical precepts established by Resolution
466/2012 of the Brazilian National Health Council (CNS
— Conselho Nacional de Satide) were respected with
regard to ensuring information legitimacy, privacy and
confidentiality, making the results of this research public,
when necessary. The research presents the substanti-
ated opinion of the Research Ethics Committee, under
the Certificate of Presentation for Ethical Consideration
(CAAE - Certificado de ApresentaciGo para ApreciacGo
Etica) 52834021.0.0000.0192, approved on December 6,
2021, under Opinion 5.147.515.
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Figure 1. Representative scheme of reports for detecting positive cases for COVID-19 through clinical-laboratory
confirmation during the second half of 2020 following the methodological sequence of the study.

RESULTS

Due to the initial challenges of the pandemic, which
particularly hampered the notification and testing of ca-
ses, samples from the first half of 2020 were excluded and
samples from the second half of 2020 were selected, as
it is the interval in which knowledge of disease patterns
and the establishment of procedures that constitute
greater availability of complete and more solid data were
better developed, totaling 19,655 cases reported in the
city of Parnaiba, state of Piaui, in this period of time.

The tests used in diagnoses with negative results
were 1,054 using the RT-PCR methodology, 621 using the
rapid antigen test, and 7,798 using the rapid antibody
test (IgG and IgM) (Figure 2).

Among the three main tests used in the period, it
was observed that, among those tested using the RT-PCR
methodology, representing approximately 11.1% of tho-

se tested with a negative result, 1,049 were carried out
outside the recommended interval of three to seven days
for testing, which represented 99.5% of tests using this
methodology with possible false negatives (Table 1). The
rapid antigen test presented a similar statistic, in which
610 of its 621 tests did not respect the ideal methodolo-
gical intervals for testing, which characterizes a test with
98.2% of negative results with characteristics of possible
false negatives, with these intervals being recommended
as a basis for a more accurate diagnosis and with greater
sensitivity and specificity of these methodologies.

The test performance and result vary depending
on circumstances such as sample storage or transport,
serum conversion and decline in antibody titer as well
as testing interval. Therefore, obtaining diagnostic tests
with high sensitivity and specificity, combined with
appropriate analytical conditions for sample collection
and treatment, avoids a high frequency of false negative

NEGATIVE BY TYPE OF TEST
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Figure 2. Results of negative cases tested by RT-PCR methodologies, and rapid antigen and antibody tests, referring

to the second half of 2020.
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results that can influence infection control strategies.

On the other hand, the rapid antibody test presen-
ted a result with interesting methodological errors, pre-
senting only 11 of its 7,798 tested inappropriately, which
elects it as one of the tests with the least false negatives,
since the testing error was less than 1%, but its result is
already expected when taking into account its applied
methodology, discussed in this study.

An important point observed was that, according
to the notification data, all tests carried out followed the
same parameter. Most patients tested had more than ten
days of symptoms.

Table 1. Quantity of tests during the study period and
the list of total tests carried out outside the testing in-
terval classified as inadequate following the Ministry of
Health and test manufacturers recommendations.

TYPE OF TEST FULLY TESTED  INADEQUATE TESTING
N (%) N (%)
RT-PCR 1.054 (11.1) 1.049 (99.5)
RT-ANTIGEN 621 (6.5) 610 (98.2)
RT-ANTIBODY 7.798 (82.3) 11(0.14)
DISCUSSION

The pandemic has highlighted variation in access
to healthcare, healthcare infrastructure and prepared-
ness across regions, and these in turn have significantly
affected outcomes. The accuracy of official data in the
first months of the pandemic was quite challenging,
a moment that, despite the efforts of health services,
which were overloaded, to notify, operational difficulties,
laboratory diagnostic errors, asymptomatic cases and
even difficulties in differentiating COVID-19 from other
diseases coexisted.

The data from this research revealed that the majority
of those tested who tested negative, after careful analysis,
were led to believe that they were false negatives, based on
the type of inappropriate test, taking into account the date
of onset of symptoms recommended by health authorities.

The main challenges for carrying out the initial
diagnosis of COVID-19 include ideal biological material
for testing, definition of biological marker to be detected,
the type of methodology used and ideal time of infection
for sample collection.”® In the case of the RT-PCR kit, dis-
tributed by the Centers for Disease Control and Prevention
(CDCQ) in China, it was designed to detect the nucleocapsid
and ORFlab, and infection is confirmed when both are
amplified. However, it is possible that the results are incon-
sistent due to amplification of only one of the targets.

The testing strategy must consider the accuracy
of tests for detecting antibodies, as the sensitivity and
specificity of tests approved in Brazil vary between
commercial kits from different manufacturers. Among
the tests approved in the country, sensitivity is at low to
moderate levels, which may imply difficulty in detecting
infected individuals, especially in tests for the detection
of anti-SARS-CoV-2 antibodies of the IgM class in initial

phase of infection.’

As of April 3, 2020, the Brazilian MoH had confir-
med around 9,000 confirmed cases of COVID-19 (BRASIL,
2020). Detection of SARS-CoV-2 using real-time PCR test
kits can be considered the gold standard for diagnosing
COVID-19; however, this technique requires certified
laboratories, more expensive equipment and trained
technicians.!! These characteristics were very far from
the initial reality in the fight against COVID-19, being
yet another in-depth demonstration of the statistics of a
possible high number of false negatives.

Testing must respect the ideal interval recommen-
ded by manufacturers and the MoH; if this interval is not
respected, these can be classified as negative when the
patient is infected with the virus, generating false nega-
tives.'21® Based on this assumption, taking into account
the difficulties experienced at the beginning of the pan-
demic, it is expected that many negative tests will include
positive patients. Adequate test management and effec-
tive patient clinical assessment, together with the correct
completion of the notification instrument, were aspects
considered relevant for the development of this study.

Analysis of these data suggests that the majority
of discarded/negative tests may have been improperly
analyzed, as they were performed outside the recommen-
ded time interval, based on the immunological window
and manufacturer indications for each test. This indicates
that the number of positive cases may be greater than
the expected averages in the number of mobile cases
reported by health units, not only related to analytical
test errors, but also to epidemiological analysis, which
includes the city’s own demographics, which can make it
difficult for patients to access health services, whether for
geographic or economic and cultural reasons.

The limited scientific knowledge available, both for
clarifying doubts and for training health professionals,
had great significance, since, for hospital intervention
and mass testing, a greater level of information would
be necessary so that the results do not harm case ma-
nagement. Until patients meet the criteria according to
pre-established protocols for reporting flu-like syndrome,
they must be monitored as a suspected case of COVID-19.

Regarding the difficulty of clinical differentiation
between the common cold and Influenza, these should
be considered, with symptomatic cases and negative
testing for COVID-19, suggesting the need for testing for
other possible circulating viruses, considering that these
patients classified as flu-like syndrome have not been
diagnosed and confirmed for other syndromes.** Due to
the totality of the sample and the epidemiological condi-
tions of the pandemic, this percentage makes the chan-
ces of false negative results for COVID-19 questionable.

Furthermore, the high demand for tests, in some
periods, caused their unavailability combined with the
unpreparedness and lack of information on the part of
professionals to face an emerging disease.’* The immu-
nochromatographic antibody test was the one that pre-
sented the best results in relation to the analytical phase
of the test, as it was carried out in the appropriate period,
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since approximately 6.3% of tests were carried out out-
side the recommended range, and this is probably due
to the longer period available for them to be carried out.

Data analysis and presentation in this study favor
the adoption of integrated public policies and measures,
aiming to reduce prevalence rates. Furthermore, these
data can be used to develop future studies in the area.
Exposing these results to the scientific community and
health professionals can better assist in choosing the ide-
al technique and management for each suspected case.

Furthermore, disseminating the study to the
general population disseminates knowledge of the
symptomatological differences between those affected
and the relevance of the data acquired regarding the
health promotion strategy. Although Brazil does not
have a reference population for standardizing rates, it is
noteworthy that incidence rates are directly influenced
by the testing strategies adopted in the country and in
each Federative Unit.*®

To implement initiatives that guarantee continuous
transmission control actions for tracking and testing sus-
pected cases, it is necessary to use diagnostic methods
that are easily accessible to professionals. As is the case
with rapid virus antigen tests which, despite their low
specificity and sensitivity, compared to the molecular
technique, allow rapid detection of those infected, ena-
bling early identification of cases, contact tracing and
taking the necessary measures to greater control of the
spread of the virus.?

Diagnostic approaches such as nucleic acid amplifi-
cation tests (NAAT) such as RT-PCR are most widely used
for the detection of SARS-CoV-2 infection, followed by
rapid antigen tests. However, they tend to give false po-
sitive and false negative results respectively. Therefore,
it is important, in crisis situations, to have the availability
and application of sensitive and specific testing measures
for the virus being investigated.

As a limitation of this study, there is a high number
of incomplete notifications, with approximately 14% of
the data. The recording of dates, especially regarding the
onset of symptoms and possible errors in filtering data
when using analytical tools, is a reflection of the reality of
overload in the healthcare system currently experienced.
It is believed that these factors cause harm to the occur-
rence of worsening of the pathology and, consequently,
facilitate the spread of the disease, which may have favored
the pandemic. However, it is concluded that this is also a
result of the critical analysis of data from this research.

It was also noted that the data coming from an early
period of the pandemic, where everything was uncertain
and testing measures were precarious, meant that notifi-
cations and results were less precise, requiring a deeper
analysis to obtain promising results. However, this is also
characterized by having a direct implication on public he-
alth policies, as it proves that testing measures, when not
precise and specific, can lead to an increase in infected
people through asymptomatic false negatives.

In short, it is observed that, in outbreak situations,
variations in incidence arising from suboptimal testing

capacity must be differentiated from variations in real
cases during monitoring. If the number of individuals
reported as suspects is much higher than the testing ca-
pacity, this difference may lead to underdiagnosed cases.

It is important to highlight that inadequate tes-
ting implies unnecessary costs, with the acquisition of
tests that do not provide specific results, in addition to
influencing medical conduct, affecting the dynamics of
infection containment, since case surveillance ends up
being compromised.

Health policies must be based on testing systems
and ensure their greater effectiveness, especially when
dealing with infections that have an asymptomatic clinic,
as this increases transmission, thus increasing the degree
of epidemics and antigenic variations of the etiological
agent, generating unwanted variants in a short period.
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ABSTRACT

Background and Objectives: It is not clear whether the increase in nutrition students’ knowledge is associated
with healthier eating behavior and fewer micronutrient deficiencies that can cause DNA damage. Deficiency in some
vitamins can be a risk factor for increased homocysteine (Hcy) levels, a marker of cardiovascular risk. Therefore, this
study aimed to verify whether dietary and serum folate and vitamin B12 are associated with Hcy levels and DNA dam-
age in female university students. Methods: A cross-sectional study was conducted with female university students
from southern Brazil. Folate, vitamin B12, and Hcy levels were determined in their diet or serum. DNA damage levels
were assessed by the alkaline comet assay (index and frequency) and the buccal micronucleus assay (micronuclei
frequency and binucleated cells frequency). Results: Correlation analyses did not show an association between Hcy
levels and dietary or serum folate and vitamin B12 consumption. Dietary folate and vitamin B12 were associated
with the index and frequency of damages; however, only serum folate was negatively associated with the index
and frequency of damages. Additionally, the frequency of binucleated cells was negatively associated with dietary
vitamin B12 and positively associated with serum levels. Serum folate was negatively associated with the frequency
of micronuclei. Hcy levels were associated with the index and frequency of damages. Conclusion: These findings
strengthen the role of healthier dietary patterns with adequate micronutrients as a preventive strategy to reduce the
risk of cardiovascular diseases. This approach should play a pivotal role in shaping health policies and advocating for
appropriate food choices.

Keywords: Folic Acid. Vitamin B 12. Homocysteine. Genomic instability, Cardiovascular Diseases.
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FOLATE AND VITAMIN B12 RELATED TO HOMOCYSTEINE AND DNA DAMAGE IN FEMALE UNIVERSITY STUDENTS
Luana Beatriz Limberger, Patricia Molz, Caio Fernando de Oliveira, Jane Dagmar Pollo Renner, Silvia Isabel Rech Franke.

RESUMO

Justificativa e Objetivos: N&o esta claro se o aumento do conhecimento dos estudantes de nutricdo esta
associado a um comportamento alimentar mais saudavel, com menores deficiéncias de micronutrientes que podem
induzir danos no DNA. A deficiéncia de algumas vitaminas pode ser um fator de risco para o aumento dos niveis
de homocisteina (Hcy), um marcador de risco cardiovascular. Portanto, este estudo verificou se folato e vitamina
B12 dietético e sérico estdo associados aos niveis de Hcy e danos no DNA em estudantes universitarias. Métodos:
Estudo transversal com universitarias do sul do Brasil. Determinou-se folato, vitamina B12 e Hcy dietético e séricos.
Os niveis de danos no DNA foram avaliados pelo ensaio do cometa alcalino (indice e frequéncia) e pelo ensaio de
micronucleos bucais (frequéncia de microndcleos e células binucleadas). Resultados: Analises de correlagdo nao
mostraram associacdo entre os niveis de Hcy com o consumo de folato e vitamina B12 dietético ou sérico. Folato e
vitamina B12 dietéticos associou-se ao indice e frequéncia de danos, entretanto, somente folato sérico associou-se
negativamente ao indice e frequéncia de danos. Ainda, a frequéncia de células binucleadas estava negativamente
associada a vitamina B12 da dieta e positivamente associada aos niveis séricos. Folato sérico associou-se negativa-
mente a frequéncia de micronucleos. Os niveis de Hcy associou-se ao indice e frequéncia de danos. Conclusao: Esses
achados fortalecem o papel de padrdes alimentares mais saudaveis com micronutrientes adequados como estratégia
preventiva visando a reducdo do risco de doencas cardiovasculares. Esta abordagem deve desempenhar um papel
fundamental na formulacéo de politicas de salde e na defesa de escolhas alimentares apropriadas.

Descritores: Acido Félico. Vitamina B 12. Homocisteina. Instabilidade Genémica, Doencas Cardiovasculares.

RESUMEN

Justificacion y Objetivos: No esta claro si el aumento del conocimiento de estudiantes de nutricion esta aso-
ciado con un comportamiento alimentario mas saludable, con menores deficiencias de micronutrientes que puedan
inducir dafos en ADN. La deficiencia de algunas vitaminas puede ser un factor de riesgo para el aumento de los nive-
les de homocisteina (Hcy), marcador de riesgo cardiovascular. Consiguiente, este estudio verifico si folato y vitamina
B12 dietéticos y séricos estan asociados con niveles de Hcy y daiios en el ADN en estudiantes universitarias. Métodos:
Estudio transversal con universitarias del sur de Brasil. Se determinaron folato, vitamina B12 y Hcy dietéticos y séricos.
Los niveles de dano en el ADN se evaluaron por ensayo del cometa alcalino (indice y frecuencia) y el ensayo de
micronucleos bucales (frecuencia de micronucleos y células binucleadas). Resultados: Los analisis de correlacion
no mostraron asociacion entre los niveles de Hcy con folato y vitamina B12 dietéticos y séricos. Folato y vitamina
B12 dietéticos se asociaron con indice y frecuencia de dafios, pero, solo folato sérico se asocié negativamente con
indice y frecuencia de dafos. Ademas, la frecuencia de células binucleadas estaba negativamente asociada con la
vitamina B12 de la dieta y positivamente asociada con los niveles séricos. Folato sérico se asocié negativamente
con la frecuencia de micronucleos. Los niveles de Hcy se asociaron con indice y frecuencia de dafos. Conclusién:
Estos hallazgos refuerzan el papel de patrones alimentarios més saludables con micronutrientes adecuados como
estrategia preventiva para reducir el riesgo de enfermedades cardiovasculares. Este enfoque deberia desempefar un
papel fundamental en la elaboracién de politicas de salud y en la promocién de elecciones alimenticias apropiadas.

Palabras Clave: Acido Félico. Vitamina B 12. Homocisteina. Inestabilidad Genémica, Enfermedades Cardiovasculares.

INTRODUCTION unique population of university students of nutrition is

Nutritional behaviors are multifaceted, influenced
by various factors, including individual choices, cultural
influences, and education.! Nutrition education plays a
crucial role in promoting healthier dietary choices, equi-
pping individuals with the knowledge and awareness
necessary to make informed decisions about their eating
habits.2In the context of higher education, university stu-
dents pursuing degrees in nutrition undergo comprehen-
sive and detailed training in the subject, which ideally
results in a higher level of nutrition knowledge compared
to individuals not pursuing such degrees.? Additionally,
it is expected that, as students advance in their acade-
mic journey, those in the final semesters would display
a more profound understanding of nutrition compared
to their peers in the initial semesters. Furthermore, this

often presumed to have better eating habits compared
to other individuals due to their educational background
and training in this field.

However, despite their potential advantage in nutri-
tion knowledge and eating behaviors, unhealthy dietary
practices among university students, including those in
nutrition programs, can still be prevalent and may
contribute to increased health risks.* Unhealthy eating
behaviors have been identified as risk factors for various
diseases, particularly cardiovascular diseases (CVD),®
which continue to be a significant public health concern.
In the context of CVD risk assessment, Homocysteine
(Hcy), a non-essential amino acid containing sulfur, has
emerged as a potential marker. Elevated levels of Hcy,
resulting from the demethylation of methionine, have
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been associated with an increased risk of CVD.6

Notably, Hcy levels are modulated by the availabi-
lity of folate (vitamin B9) and vitamin B12 in the body.
Deficiencies in these essential vitamins can lead to the
accumulation of Hcy, further exacerbating the risk of
cardiovascular complications.” Folate and vitamin B12
play crucial roles in numerous physiological processes,
including their involvement in the synthesis of methioni-
ne and S-adenosylmethionine, acting as essential donors
of methyl groups.2 As a consequence, insufficient levels
of these vitamins can induce DNA damage and disrupt
DNA methylation processes, both of which are significant
risk factors associated with elevated Hcy levels.®

While reference values for serum folate and vitamin
B12 have been established based on disease prevention,
their adequacy in minimizing chromosome damage and
optimizing DNA methylation state remains a subject of
inquiry.8® Understanding the potential relationships
between dietary intake, serum vitamin levels, Hcy con-
centrations, and DNA damage is essential in devising
effective preventive strategies for CVD, particularly among
university students of nutrition, who are vital in dissemina-
ting nutritional knowledge to the broader population.

Given the importance of nutrition in overall health
and disease prevention, it is crucial to investigate factors
influencing cardiovascular risk among university stu-
dents of nutrition. This study aims to fill existing gaps in
knowledge, focusing on the unique population of uni-
versity nutrition students. Although these students are
often assumed to have better eating habits due to their
educational background, this study hypothesizes that
poor eating practices may still be prevalent, contributing
to health risks. Despite the existence of reference values
for folate and B12 based on disease prevention, the ade-
quacy of these levels in minimizing DNA damage remains
an area of investigation. Therefore, this study proposes
to explore the potential associations between dietary in-
take, serum folate and vitamin B12 levels, Hcy concentra-
tions, and DNA damage in this specific population group.
Due to the lack of studies in this area, this research will
provide valuable insights into the consumption of folate
and vitamin B12 and their potential relationship with
cardiovascular risk and DNA damage among university
students of nutrition, filling an important gap in the rese-
arch. Therefore, this cross-sectional study aimed to verify
whether dietary and serum folate and vitamin B12 are
associated with Hcy levels and DNA damage in female
university students.

METHODS

This is a descriptive cross-sectional study conduct-
ed from March to April 2016. The included subjects were
female undergraduate students of nutrition, aged 19 to
50 years, enrolled in any semester at a community-uni-
versity from Santa Cruz do Sul, Brazil. Exclusion criteria
comprised subjects reporting atrophic gastritis, bariatric
surgery, pregnancy or lactation, students taking drugs
affecting folate and vitamin B12 metabolism, exposure

to genotoxicants (e.g., cytotoxic drugs), and those with
incomplete data or who did not sign the informed con-
sent form were excluded. Participants were recruited by
convenience sampling, with all nutrition course students
invited via emails and/or other social media channels (in-
cluding Instagram™ and Facebook™), and all efforts were
made to avoid potential sources of bias in the study, such
as selection bias or information bias.

Folate and vitamin B12 intake determination were
obtained using three 24-hour food recalls. To estimate
regular intake, three food recalls were performed on
two weekdays and one weekend day, during the period
of one week. To minimize potential memory errors and
ensure consistency in the responses, the questionnaires
were administered by a properly trained individual. Stu-
dents completed food recalls, in which they reported all
food intakes (type and amount of food and liquids) in the
last 24 hours. The quantification of folate and vitamin B12
consumption was determined using the DietWin® soft-
ware. For evaluating the adequacy of folate and vitamin
B12 intake, reference values from the Dietary Reference
Intake (DRI) were used, following the Estimated Average
Requirements (EAR).1!

A qualified professional performed blood collec-
tion on the day scheduled by a specialized professional.
Students were requested to fast for at least four hours.
The blood collected (5 mL) was used in the biochemical
dosage of Hcy, folate, and vitamin B12, in addition to
comet assay. At the same opportunity, oral mucosa cells
were also collected to perform the Buccal Micronucleus
Cytome (BMCyt) assay.

Blood quantifications of serum folate, vitamin B12,
and Hcy were performed in a clinical analysis laboratory
using the methodology of competitive chemiluminescent
immunoassay on a Immulite 2000 Immunoassay System
(Siemens Healthineers). Measurement of these blood pa-
rameters was conducted using commercial kits from Siemens
Medical Solutions Diagnostics, Los Angeles, CA, USA. All
procedure was performed following the manufacturer's
recommendations. The equipment was subjected to con-
trols and limit of quantification as defined by the manufac-
turer’s guidelines. Reference values used were: 4.44 to 13.56
pmol/L for Hey, above 3.50 ng/mL for folate, and 174 to
878 pg/mlL for vitamin B12, following laboratory standards.
Moreover, another reference value for vitamin B12 (490 pg/
mL) was considered as the safe lower threshold.?

The alkaline comet assay of blood cells was per-
formed as described by Molz et al.2* In total, 5 pL of whole
blood (mixed with heparin) was embedded in 95 pL of
low melting point agarose (LMP) (0.75%) over a slide pre-
coated with agarose, and subsequently, a coverslip was
gently placed over that slide. After the mixture solidified,
the coverslips were removed and the slides were put in
a freshly prepared lysis solution containing high salt and
detergent concentrations (2.5 M NaCl, 100 mM EDTA, 10
Mm Tris, pH 10-10.5, with freshly added 1% Triton X-100
(v/v) and 10% DMSO) (v/v) for a minimum of 1 h under
refrigeration. Subsequently, the slides were exposed
for 20 min to an alkaline solution (300 mM NaOH and
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1 mM EDTA, pH>13) for DNA unwinding and to express
the alkali-labile sites as single-strand breaks. The slides
were then immediately subjected to an electrical current
(electrophoresis in the same solutions at 300 mA and 25
V (0.90 V/cm) for 15 min at 4 °C to induce the migration of
DNA fragments in the direction of the current. After that,
the slides were washed with neutralization buffer (Tris
0.40M, pH 7.5) and fixed. Silver nitrate was used in the
staining process of DNA. All procedures were conducted
under dim yellow light to prevent DNA damage induced
by ultraviolet radiation.

For each individual, two slides were prepared and
100 cells were randomly selected and analyzed (50 per
slide, two slides per individual) using an optical micro-
scope. Slides were coded to allow a blinded analysis,
making it impossible to identify the individual, and the
coding was performed by two properly trained individu-
als. Damage was determined visually by cells classification
(comet morphology) in five classes of DNA migration,
ranging from 0 damage (no damage, circular morphology
only head and no tail) to damage 4 (maximum damage,
tail expressively larger than head). Thus, the damage
index for 100 cells ranged from 0 (no damage) to 400 (all
cells with maximum damage). Damage frequency (%) was
calculated using the relationship between the number of
cells with damage (classified from 1 to 4) and the total of
100 cells from the sample.

BMCyt assay was performed following the protocol
by Thomas et al.l* Firstly, oral mucosa cells were collect-
ed using a cervical brush, which was then shaken into a
microtube containing 1 mL of methanol. The brush was
discarded from the microtubes and 20 uL of DMSO were
added for subsequent centrifugation at 3,500 g for 3 min.
Then, 200 pL of supernatant were aspirated off and more
200 pL of methanol were added. A pipette tip was used
to dissociate the cells (this procedure was repeated three
times). Next, 400 pL of supernatant were discarded, and
100 pL of the remaining cell suspension were distributed
onto clean microscope slides (two slides per individual).
After that, the slides were treated with HCl and Schiff's
reagent, let dry overnight, and then stained following the
Feulgen method.** The slides were later analyzed using
an optical microscope. A total of 2,000 differentiated
cells were evaluated for the presence of DNA damage
and the score from 1,000 cells was evaluated to deter-
mine the frequency of abnormal cells. They were clas-
sified according to the cytological and nuclear features
in indicative of DNA damage (micronuclei and/or nuclear
buds), cytokinetic defects (binucleated cells) and/or cell
death (karyorrhexis, pyknotic and karyolytic cells), based
on nuclear/cytoplasmic ratio, nuclear morphology, and
texture.* Results are expressed as counts per 1,000 cells.
Microscope slides were coded to allow a blinded analysis,
making it impossible for the evaluator to know the sub-
ject identification. The analysis of slides was conducted
by two examiners (two slides per subject).

The Statistical Package for the Social Sciences
(SPSS) version 23.0 (IBM, Armonk, USA) was used for data
tabulation. Descriptive statistics was presented as means

and standard deviations or frequencies and percentages.
Numerical data were tested for normal distribution and
equality of variances by the Shapiro-Wilk test. The eval-
uation of adequacy for folate, vitamin B12 intake, serum
levels of folate, vitamin B12, and Hcy were classified into
distribution percentiles. Pearson correlation analyses
were performed to test the association between normal
parameters, and Spearman correlation was applied for
non-normal parameters. This aimed to assess the rela-
tionship between folate and vitamin B12 intake, serum
levels of folate, vitamin B12, and Hcy. Additionally, it also
investigated the association between the DNA damage
index and frequency with folate and vitamin B12 intake,
serum levels of folate, vitamin B12, and Hcy. The signifi-
cance level used was p<0.05.

The study was approved by the research ethics
committee from the University of Santa Cruz do
Sul/UNISC  (protocol no. 1.432.400/2016; CAAE:
52822115.8.0000.5343) and followed the guidelines
established by 466/2012 - 510/2016 - 580/2018 Brazilian
resolution. All participants singed an informed consent
form, indicating their voluntary agreement to participate.
Additionally, a unique identification code was assigned
to each participant to guarantee unbiased examination
of test outcomes and respect privacy.

RESULTS

In this study, 47 women with a mean age of 24.8+6.7
years were evaluated. Table 1 presents the folate and
vitamin B12 inadequacy, evaluated via diet and blood.
Our results showed that 100% of the women presented
inadequate folate intake and 48.9% of vitamin B12, accor-
ding to the EAR.! Regarding serum vitamins levels, 6.4%
of women were deficient in serum folate. In addition,
10.6% of the women had vitamin B12 levels below 174
pg/mL and 93.6% of the women had levels below 490 pg/
mL. None of the women had deficient Hcy levels (Table 1)
nor had Hcy levels above 13.56 pmol/L.

Additional analyses showed that Hcy levels were
not correlated with folate and vitamin B12 intake or se-
rum levels (p>0.05; Supplementary Figure 1).

Correlation analyses identified important rela-
tionships between the index and the frequency of DNA
damage with vitamins in diet and serum. Folate intake
(r=0.177; p=0.025 and r=0.302; p=0.026, respectively;
Figure 1a, c) and vitamin B12 intake (r=0.364, p=0.015
and r=0.340, p=0.024, respectively; Figure 1b, d) were
significantly associated with the damage index and fre-
quency in DNA.

In addition, only folate serum level was negatively
associated with damage index and frequency (r=-0.406,
p=0.008 and r=-0.430, p=0.05, respectively; Figure 2a,
d). Hey levels were significantly positively associated with
damage index and frequency (r=-0.273, p=0.038 and
r=-0.342, p=0.027, respectively; Figure 2c, f).

Regarding the BMCyt assay, only vitamin B12
intake was negatively associated with binucleated cells
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Table 1. Evaluation of folate, vitamin B12 intake, and serum levels of folate, vitamin B12, and homocysteine (n=47).

Regular intake distribution percentiles

Dietary EAR MeantSD 10 20 30 40 50 60 70 80 90 Evaluation comments
Folate (ng/day) 320.0 103.7+46.3 54.0 60.0 70.8 82.7 939 109.7 1224 1430 171.2 Inadequacy prevalence of 100.0%
Vitamin B12 (pg/day) 2.0 2.0+1.3 0.8 1.0 1.4 1.6 1.8 2.1 2.2 2.5 3.6 Inadequacy prevalence of 48.9%
Regular intake distribution percentiles
Serum levels EAR MeantSD 10 20 30 40 50 60 70 80 90 Evaluation comments
Folate (ng/mL) Lower than 3.5 7.5+3.2 4.0 5.0 5.5 6.2 7.4 8.0 8.9 9.4 124 Inadequacy prevalence of 6.4%
Vitamin B12 (pg/mL) Lower than 174.0°  249.7+100.5 111.8 1766 1972 2134 2240 2550 2922 3120 362.2 Inadequacy prevalence of 10.6%
Lower than 490.0° Inadequacy prevalence of 93.6%
Homocysteine (umol/L)  Lower than 4.4 8.0+1.8 5.7 6.5 6.7 7.4 8.1 8.5 8.8 9.5 9.9 Inadequacy prevalence of 0.0%
@according to laboratory standards.
bconsidering 490 pg/mL as the safe lower threshold.
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Figure 1. Association between DNA damage index and frequency with folate (a, c) and vitamin B12 (b, d) intake. r: correla-
tion coefficient and p: significance level according to Pearson’s or Spearman's tests.
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Figure 2. Association between DNA damage index and frequency with folate (a, d), vitamin B12 (b, e), and homocysteine (c,
f) serum levels. r: correlation coefficient and p: significance level according to Pearson’s or Spearman’s tests.
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Figure 3. Association between micronuclei and binucleated cells frequency with folate (a, ) and vitamin B12 (b, d) intake.
r: correlation coefficient and p: significance level according to Spearman’s test.
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Figure 4. Association between micronuclei and binucleated cells frequency with folate (a, ¢) and vitamin B12 (b, d) serum
levels. r: correlation coefficient and p: significance level according to Spearman’s test.

frequency (r=-0.302, p=0.021; Figure 3d). In serum, there DISCUSSION
was a significant negative association between folate and
the micronuclei frequency (r=-0.275; p=0.034; Figure 4a)
and a significant positive association between vitamin
B12 and binucleated cells frequency (r=0.276, p=0.032;
Figure 4e). Hcy levels were not significantly associated
with micronuclei frequency nor binucleated cells fre-
quency (p>0.05).

This study evaluated the consumption and blood
levels of both folate and vitamin B12 in female university
students to assess whether there was an association with
cardiovascular risk and/or genomic damage. It was ex-
pected that nutrition university students would present
a low prevalence of folate inadequacy and vitamin B12
in diet and serum due to their knowledge on nutrition.
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However, our results showed that all female students
had inadequate folate intake, with nearly half of them
(48.9%) showing vitamin B12 inadequacy, following EAR
values according to the DRI} Pereira et al.’® evaluated
Brazilian undergraduate and graduate students aged
36.219.4 years and observed that 12% and 11.1% of the
participants presented a possible insufficient intake of
folate and vitamin B12, respectively, values smaller than
the ones found in this study. Besides that, Manios et al.t¢
also evaluated the coefficients of variation (CV) of food
intake, finding 44.7% for folate and 65% for vitamin B12.
The standard CV of DRI for healthy women is 62% for
folate and 294% for vitamin B12 in the same age group
of the population studied.’® These values are much
higher than ours (44.24% to folate intake and 61.8%
to vitamin B12), showing that our subjects were more
homogeneous than the subjects used by the DRI and
similar to the study by Manios et al.t®

In this study, the prevalence of folate serum levels
inadequacy was lower than in the diet (6.4% vs. 100%).
As for vitamin B12 serum levels, 10.6% of the individuals
had levels below 174 pg/mL, and 93.6% of women had
figures below 490 pg/mL. Those results were lower when
compared to an Australian study that evaluated young
adult women.®

Hcy is a metabolite of methionine (since humans
do not acquire Hcy by food) and a key intermediate
metabolite in the folate cycle-linked metabolic proces-
ses of remethylation and transsulfuration, producing
L-methionine and L-cysteine, respectively.l” Remethyla-
tion requires vitamin B12 and 5-methyltetrahydrofolate
(active folate) as methyl donors. In the transsulfuration
process, Hcy is irreversibly converted to cysteine and it
can be utilized in protein synthesis and glutathione (GSH)
production (beneficial antioxidant). In this context, lack
of the various B-vitamins, such as B12 and folate could
elicit an excessive level of Hcy (hyperhomocysteinemia),
a modifiable risk factor for CVD.®

Hyperhomocysteinemia has been classified as
moderate (16 to 30 ymol/L), intermediate (31 to 100
pmol/L), and severe (>100 pmol/L).28 In this study, none
of the women had Hcy above 16 pmol/L. Studies have
also reported that Hcy levels above 10 umol/L are asso-
ciated with an increased risk of cardiovascular disease.’
In our study, only 8.5% of women had Hcy levels above
10 pmol/L.

In addition, low folate intake or folate metabolism
abnormalities, as well as vitamin B12 deficiency, can lead
to Hcy elevation.® We did not observe an association be-
tween serum Hcy levels and folate or vitamin B12 intake.
Nevertheless, only one subject (2.13%) presented an
elevated level of Hcy (14.8 umol/L) and none of them had
it below 4.4 ymol/L. However, serum vitamin B12 above
490 pg/mL prevents functional deficiency more reliably.!?
Based on this criterion, 93.6% of the sample was at risk of
vitamin B12 deficiency. Han et al.?° also evaluated serum
folate levels and found 10% inadequacy and, similarly
to our study, found that 5% of the subjects had serum
Hcy higher than 15 pmol/L. Besides that, they found

that serum Hcy was negatively correlated with serum
folate, which is contrary to our results. Folsom et al.2
found a negative association between Hcy and vitamin
B12, differing from our study, in which we did not find an
association between these variables.

O'Keefe et al. evaluated only the folate intake,
finding that among young women aged from 21 to 27
years, the intake of 200 ug/day of folate was negatively
correlated with plasma Hcy,? being significantly higher
than when compared with the ingestion of 300 to 400
pg/day of folate. These results show that elevated Hcy
levels are associated with lower folate levels in the diet,
possibly due to the need for this nutrient to prevent Hcy
accumulation by converting Hcy into methionine. Ano-
ther study, which evaluated university students in South
Korea, found a negative correlation of folate with serum
Hcy levels.?® We did not evaluate folate supplementation;
however, a meta-analysis assessing the effect of folic acid
supplementation on the risk of cardiovascular disease
found that it did not decrease the levels of Hcy in all the
studies analyzed.? Thus, the authors did not recommend
the supplementation of folic acid to decrease the risk of
cardiovascular disease.

However, it has been reported that folate and
vitamin B12 may present an important role in DNA me-
tabolism.?* These vitamins are required for the synthesis
of methionine and S-adenosyl methionine, used for the
maintenance of methylation patterns in DNA. Folate
and Vitamin B12 deficiencies can lead to elevated DNA
damage rate and altered DNA methylation, important
risk factors for the increase of Hcy status.®> Using comet
assay, we found a significant association between folate
and vitamin B12 in the diet with DNA damage (both index
and frequency of damage). Regarding BMCyt assay, only
vitamin B12 intake was negatively associated with binu-
cleated cells. In addition, serum folate levels presented an
inverse association with the index and frequency of DNA
damage, as well as with the micronuclei frequency. No
association was found between serum vitamin B12 levels
and DNA damage by comet assay, but serum vitamin B12
was associated with binucleated cells frequency. Mili¢ et
al. found a significant association between serum vitamin
B12 and increased DNA damage using the comet assay.?
These authors also reported that a higher serum vitamin
B12 concentration was associated with a lower frequency
of micronuclei, corroborating our study, in which we found
this tendency but without statistical significance (Figure 4).
According to Fenech, the increased micronuclei frequency
is an important biomarker associated with defects in the
metabolic pathways that requires folate and vitamin B12.°

Increased or slightly increased Hcy might contribu-
te to DNA damage induction. We observed a significant
association between serum Hcy and DNA damage (both
index and frequency of damage). Regarding DNA da-
mage evaluated by the lymphocyte micronucleus assay,
the study of Fenech found that elevated plasma Hcy was
associated with increased micronucleus formation.® We
did not find this association, possibly due to the low age
range of our subjects and since only one subject had
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increased level of Hcy. Besides that, Fenech? also showed
that the micronuclei frequency is lower when serum Hcy
is below 7.5 ymol/L and when the plasmatic vitamin B12
is higher than 300 pmol/L.

Our study holds some limitations that should be
highlighted. Firstly, the 24-hour food recall method,
though widely acknowledged as the gold standard for
assessing food intake, is dependent on respondents’ full
cooperation, memory, and honesty. As a result, it may
lead to potential underestimation or overestimation of
their actual intake. To mitigate this, efforts were made
to ensure participants understood the importance of
accurate reporting. Secondly, the cross-sectional design
of this study limits its capacity to establish a causal rela-
tionship between the analyzed variables. To address this
limitation, future research should consider employing
longitudinal studies or experimental designs to explore
causal associations more effectively. Despite these limi-
tations, the study gains strength in evaluating nutrition
course students, as there are only a few existing studies
on this specific topic. This uniqueness adds value to the
findings and offers valuable insights into an underexplo-
red area of research.

In conclusion, the results from this study showed
that Hcy levels were not associated with folate and vita-
min B12 intake or serum levels in this population of fema-
le university students. However, folate and vitamin B12
intake were positively associated with damage index and
frequency, whereas only folate serum was negatively as-
sociated with damage index and frequency. Furthermore,
binucleated cells frequency was negatively associated
with vitamin B12 intake and positively associated with
serum levels. There was a significant negative correlation
between micronuclei frequency and folate, but not se-
rum levels. Additionally, Hcy levels were correlated with
damage index and frequency, but not with micronuclei or
binucleated cells frequency. Our findings strengthen the
role of healthier eating patterns with adequate micronu-
trients, mainly folate and vitamin B12 intake.

Considering the results of this study, future research
can deepen the understanding of the relationship between
Hcy, folate, and vitamin B12 associated with genomic instabili-
ty in the female university population. Consequently, further
studies are necessary to investigate mechanisms related to
the consumption of folate and vitamin B12, exploring di-
rect influences on cellular processes or mediating factors
and identifying protective or modulating mechanisms for
these cellular events. Longitudinal and intervention studies
are also recommended to assess dietary patterns over time,
aiming to analyze the relationship with Hcy, folate, and
vitamin B12, providing a more profound understanding
of these biomarkers and whether adequately adjusting
the intake of folate and vitamin B12 can positively impact
cellular damage markers and Hcy levels.
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ABSTRACT

Background and Objectives: Ventilator-associated pneumonia may occur within 48 to 72 hours after endo-
tracheal intubation and mechanical ventilation, being the most frequent infection in intensive care units, linked to
increased mortality. This research aims to identify the epidemiological profile of patients with ventilator-associated
pneumonia in the intensive care unit of a teaching hospital. Methods: This is a cross-sectional, retrospective, docu-
mentary study with a quantitative approach. The data collection was carried out using a semi-structured instrument
with data made available by the Hospital Infection Control Commission and in the electronic medical records of
patients diagnosed with ventilator-associated pneumonia, from July to December 2022. Data were organized using
the Excel software and subsequently analyzed with the program Statistical Package for Social Science for Windows,
using descriptive statistics. Results: Most individuals were male (59.6%), aged 60 years or older (53.9%), retired
(48.3%), nondrinkers (61.8%), nonsmokers (66.3%), with pre-existing comorbidities (62.9%), hospitalized due to trauma
(23.6%), enteral nutrition (97.8%), Klebsiella pneumoniae pathogenic agent (15.7%), using endotracheal tube (91.7%),
not requiring reintubation (67.4%), not presenting multidrug resistance (59.6%), and the clinical outcome was death
(65.2%). Conclusion: There is still a need for specific interventions and measures for critically ill patients. It is expected
that the variables found may contribute to promoting patient safety on mechanical ventilation and help to develop
prevention strategies in order to reduce the incidence of ventilator-associated pneumonia.

Keywords: Pneumonia, Ventilator-Associated. Intensive Care Units. Health Profile.

RESUMO

Justificativa e Objetivos: A pneumonia associada a ventilacdo mecanica (PAV) ocorre a partir de 48 a 72 horas
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EPIDEMIOLOGICAL PROFILE OF PATIENTS WITH VENTILATION-ASSOCIATED PNEUMONIA IN A TEACHING HOSPITAL
Iris Broggian Correa Nascimento, Luciane Terezinha lenke, Tais Ivastcheschen Taques.

apos a intubacdo endotraqueal e ventilacdo mecanica, sendo a infec¢do mais frequente nas unidades de terapia
intensiva, vinculada ao aumento da mortalidade. Esta pesquisa tem como objetivo identificar o perfil epidemioldgico
de pacientes com PAV em Unidades de Terapia Intensiva de um hospital escola. Métodos: Trata-se de um estudo
transversal, retrospectivo, documental, com abordagem quantitativa. A coleta foi realizada através de instrumento
semiestruturado, com dados disponibilizados pela Comissdo de Controle de Infeccdo Hospitalar e nos prontuarios
eletronicos dos pacientes com diagnéstico de PAV, entre julho a dezembro de 2022. Os mesmos foram organizados no
software Excel e, posteriormente, analisados através do programa SPSS®, versdo 22, mediante estatisticas descritivas.
Resultados: A maioria era do sexo masculino (59,6%), faixa de etaria de 60 anos ou mais (53,9%), aposentados (48,3%),
nao etilistas (61,8%), ndo tabagista (66,3%), com comorbidades preexistentes (62,9%), diagndstico de internagdo por
trauma (23,6%), nutricao enteral (97,8%), agente patogénico Klebsiella pneumoniae (15,7%), em uso de tubo endotra-
queal (91,7%), ndo precisaram de reintubacdo (67,4%), ndo tiveram multirresisténcia (59,6%), e apresentaram como
desfecho clinico obito (65,2%). Conclusdo: O perfil epidemioldgico se caracteriza pelo sexo masculino, com idade
igual ou superior a 60 anos, com comorbidades, vitima de trauma e com desfecho clinico desfavoravel ao 6bito.
Espera-se que as varidveis encontradas possam contribuir para promover a seguranca do paciente em ventilagdo
mecanica e ajudar a desenvolver estratégias de prevencao, a fim de reduzir a incidéncia de PAV.
Descritores: Pneumonia Associada a VentilacGo Mecdnica. Unidades de Terapia Intensiva. Perfil de Saude.

RESUMEN

Justificacion y Objetivos: La neumonia asociada a ventilacion mecanica (NAVM) ocurre entre 48 y 72 horas
después de la intubacion endotraqueal y ventilacién mecanica, por lo que es la infeccion mas frecuente en las unida-
des de cuidados intensivos asociada al aumento de la mortalidad. Este estudio tiene como objetivo identificar el perfil
epidemioldgico de los pacientes con neumonia asociada a ventilacién mecanica en la unidad de cuidados intensivos
de un hospital universitario. Métodos: Se trata de un estudio transversal, retrospectivo, documental, con enfoque
cuantitativo. La recogida de datos se realizd mediante un instrumento semiestructurado con datos facilitados por
la Comision de Control de Infecciones Hospitalarias y en los registros electrénicos de pacientes con diagnostico de
NAVM, en el periodo de julio a diciembre de 2022. Los datos se pusieron en software Excel para, posteriormente,
pasar por un analisis mediante el programa Statistical Package for Social Science para Windows, version 22, utilizando
estadistica descriptiva. Resultados: La mayoria de los participantes fueron hombres (59,6%), mayores de 60 afos
(53,9%), jubilados (48,3%), no bebedores (61,8%), no fumadores (66,3%), con comorbilidades preexistentes (62,9%),
diagnostico de hospitalizacion por traumatismos (23,6%), nutricién enteral (97,8%), agente patdgeno Klebsiella
pneumoniae (15,7%), en uso de tubo endotraqueal (91,7%), no requirieron nueva intubacion (67,4%), no presentaron
multirresistencia (59,6%) y tuvieron como desenlace clinico muerte (65,2%). Conclusién: El perfil epidemioldgico se
caracterizd por sexo masculino, de 60 afos o mas, con comorbilidades, victima de traumatismos y desenlace clinico
desfavorable de muerte. Se espera que las variables encontradas puedan contribuir a promover la seguridad del pa-
ciente en la ventilacion mecanica y ayudar a desarrollar estrategias de prevencién para reducir la incidencia de NAVM.

Palabras Clave: Neumonia Asociada al Ventilador. Unidades de Cuidados Intensivos. Perfil de Salud.

INTRODUCTION 48 to 72 hours after endotracheal intubation, with a high

Intensive care unit (ICU) is a continuous monito-
ring ward of hospitals that provides care to critically ill
patients with hemodynamic instability and high risk of
death. Due to this complexity and numerous invasive
procedures performed, patients face a high risk of deve-
loping Healthcare-associated infections (HAIs).!

HAIs are characterized as adverse events that
persist in health services, and are considered a serious
public health issue, as they put patient safety at risk, in
addition to negatively affecting the quality of health
services. It is important to emphasize that most HAIs
can be avoided.?

Ventilator-associated pneumonia (VAP) is one of
the most common HAIs in an ICU, which may occur within

mortality rate. This infection prolongs the duration of
hospital stay and mechanical ventilation (MV), conside-
rably increasing treatment costs.?

To obtain the diagnosis of VAP, clinical, radiolo-
gical, and laboratory criteria should be used; the most
important are: the presence of hyperthermia (tempera-
ture > 37.8°C), with no other related cause; the change
in secretion characteristics; worsening gas exchange
with the need to increase oxygen supply or increase
ventilatory parameters; and alteration in pulmonary
auscultation. After diagnosis of underlying heart or
lung diseases, medical imaging tests should be perfor-
med to obtain the following measurement: infiltration,
opacification, and cavitation. Laboratory tests should
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show changes in blood culture without other points of
infection, leukopenia (< 4,000 cel/mm?3) or leukocytosis
(> 12,000 cells/mm?3), positive result for pleural fluid
culture, positive result for culture of pulmonary secre-
tions obtained by alveolar broncholavage lavage or
tracheal aspirate.*

The literature indicates different mortality rates
caused by VAP, but it is estimated that approximately
33% of patients with VAP died as a direct result of the
infection, and the overall mortality associated with
it varies from 20% to 60%, depending on associated
risk factors.®

A study carried out in an ICU in Bueno Aires identi-
fied that some patients were diagnosed more than once
with VAP and there was a predominance of the disease in
male patients: 50% of them were aged over 70 years, and
the mortality rates at 30 and 90 days after the infection
diagnosis were 30% and 63.7%, respectively.® Therefore,
it is necessary to identify the epidemiological profile of
patients with VAP, since they involve possible risk factors.

This research is justified, for it may contribute to
the hospitals awareness of these patients’ profile, thus
being able to develop strategies to improve the provi-
ded care, aiming at reducing VAP rates, implementing
specific and intensive care, instructing the multidis-
ciplinary team using protocols, training, continuing
education, and continuous monitoring of these means.
Moreover, it may also contribute to the emergence
of new scientific research on VAP, which may help both
professionals and lay people to better understand the di-
sease, how it occurs, and why this infection affects more
than one specific patient profile.

Thus, this study aimed to identify the epidemiological
profile of patients with VAP in ICU of a teaching hospital.

METHODS

This is a cross-sectional, retrospective, documental
study, with a quantitative approach, carried out in the ICU
of a teaching hospital, which only hospitalizes patients
via the Brazilian Unified Health System (SUS), provides 40
regular beds in the unit, and is a reference in trauma and
orthopedics, serving 12 municipalities that make up the
34 Regional Health District of Parana.

The study population consisted of 89 patients who
were hospitalized in the adult ICU of a teaching hospi-
tal and who were diagnosed with ventilator-associated
pneumonia from July to December 2022. The inclusion
criteria was patients aged 18 years or older, who were
hospitalized and diagnosed with VAP during hospita-
lization. Patients aged under 18 years or those which
medical records were not fully available were excluded
from the study.

Data collection was carried out using a semi-

-structured instrument, with information provided by
the Hospital Infection Control Committee (CCIH) of the
institution and consultation of the patients’ electronic
medical records, using the Tasy information system.
Following the variables of interest: sociodemographic
(sex, age group, occupation) and clinical-epidemiolo-
gical (alcoholism, smoking, preexisting comorbidity,
hospitalization diagnosis, enteral nutrition, pathogen,
airway management, reintubation, multidrug resistan-
ce, outcome, previous and total days of hospitalization,
and ventilation).

The data collected in the medical records were
organized and tabulated in Excel program and analyzed
by the program Statistical Package for Social Science for
Windows (SPSS®) version 22, using descriptive statistics
of absolute and relative frequency.

This study was submitted to the Research Ethics
Committee of Cesumar University, according to opinion
No. 6,054,902 CAAE No. 69280823.9.0000.5539, respec-
ting the recommendations contained in Resolutions No.
466/2012, No. 510/2016 and No. 580/2018 of the National
Health Council (CNS), which provides for the guidelines
and standards for research involving human beings.

RESULTS

Of the 89 patients hospitalized with VAP, 53 (59.6%)
were male; 48 (53.9%) were aged 60 years or older, wi-
th a average age of 57.8 years; 43 (48.3%) were retired;
55 (61.8%) did not drink; 59 (66.3%) were nonsmokers;
56 (62.9%) had comorbidities such as systemic arterial
hypertension (SAH), diabetes mellitus (DM), and chronic
obstructive pulmonary disease (COPD) (Table 1).

Regarding hospitalization diagnoses, trauma was
the most common cause, with 21 (23.6%) cases; followed
by respiratory insufficiency (n = 15; 16.9%); stroke (n =
15; 16.9%); lowered level of consciousness (n = 11; 12.4%);
and other causes (n = 27; 30.2%) (Table 1).

Regarding other variables, 87 (97.8%) were under
enteral nutrition; pathogens were identified in 40.4%
of the patients: Klebsiella pneumoniae in 14 (15.7%)
patients; Acinetobacter baumannii in 9 (10.1%); Sta-
phylococcus aureus in 7 (7.9%); Pseudomonas aeru-
ginosa in 6 (6.7%) patients; and Enterobacter cloacae
in 6 (6.7%) patients. Regarding the device, 81 (91.1%)
used an endotracheal tube; 80 (67.4%) did not require
reintubation; and 53 (59.6%) did not present multidrug
resistance. Regarding clinical outcome, 58 (65.2%) of
the patients died and 31 (34.8%) were discharged from
the hospital (Table 1).

The average length of hospital stay was 30 days and
average duration of MV was 19 days. The average length
of hospital stay prior to VAP was 8.7 days and the average
duration of ventilation prior to VAP was 9.1 days.
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Table 1. Epidemiological profile of patients diagnosed
with ventilator-associated pneumonia (n=89). Ponta
Grossa, Paran4, Brazil, 2023.

Parameter N (%)
Sex
Male 53 (59.6)
Female 36 (40.4)
Age group
18 to 39 years old 20 (22.5)
40 to 59 years old 21 (23.6)
> 60 years old 48 (53.9)
Occupation
Retired 43 (48.3)
Employed/Self-employed/Student 29 (32.6)
Unemployed 17 (19.1)
Alcoholism
Yes 34 (38.2)
No 55 (61.8)
Smoking
Yes 30 (33.7)
No 59 (66.3)
Pre-existing comorbidity
Yes 56 (62.9)
No 33 (37.1)
Hospitalization diagnosis
Trauma 21 (23.6)
Respiratory failure 15 (16.9)
Stroke 15 (16.9)
Lowered level of consciousness 11 (12.4)
Others 27 (30.2)
Enteral nutrition
Yes 87 (97.8)
No 2(2.2)
Pathogen
Klebsiella pneumoniae 14 (15.7)
Acinetobacter baumannii 9(10.1)
Staphylococcus aureus 7(7.9)
Pseudomonas aeruginosa 6 (6.7)
Enterobacter cloacae 6 (6.7)
Others 10 (11.2)
Airway management
Negative culture 37 (41.7)
Endotracheal tube 81 (91.1)
Tracheostomy 8 (8.9)
Reintubation
Yes 29 (32.6)
No 80 (67.4)
Multi-resistance
Yes 36 (40.4)
No 53 (59.6)
Outcome
Discharge 31 (34.8)
Death 58 (65.2)
DISCUSSION

Most participants of this study were males. The Bra-
zilian guidelines for treating hospital-acquired pneumo-

nia and VAP indicate being male as an independent risk
factor for the disease, i.e., it produces a change in health/
disease status as a risk factor or exposure.’” A descriptive
and quantitative study in an ICU in the city of Teresopolis
presented a similar result, but with a prevalence of 73% ma-
le patients in a sample of 52 people, which was even higher.?

A descriptive, cross-sectional, documental study with
a quantitative approach including 20 medical records of pa-
tients hospitalized in an adult ICU of a medium-sized hos-
pital, diverged with our study regarding age, in which the
highest incidence of VAP occurred in those aged under
60 years.® Advanced age is a nonmodifiable risk factor for
VAP diagnosis, since the body of older adults undergoes
physiological changes due to aging, immunity decline,
predisposition to chronic diseases, and invasive procedu-
res, which can aggravate or increase the body response
to the disease.l® Therefore, due to the older adults’ frailty
and the need for an advanced airway management, the
risk of complications due to this infection is increased.

An integrative literature review with articles pu-
blished in the last 10 years in the Virtual Health Library
and in the MEDLINE and LILACS databases, performing a
descriptive analysis of 10 articles, found smoking as one
of the main risk factors for acquiring PAV,* in accordance
with the prevalence found in this study. Smokers face
higher risks due to the harm of cigarette smoke to the
functioning of immune system, degrading the lung cells,
decreasing the immunoglobulins circulating in the blood,
and presenting a high amount of altered leukocytes,
which can cause recurrent infections.> We suggest a
need for further anti-smoking programs to help people
quit smoking, to show how harmful it is to health, and
to discourage young people from starting to smoking
cigarettes and/or e-cigarettes. Alcohol consumption can
also interfere with the clinical recovery of hospitalized
patients, by weakening the body.*?

This study showed a predominance of patients with
preexisting comorbidities, similar to a retrospective, do-
cumental study, with a quantitative approach developed
in Jodo Pessoa, Paraiba, including 59 medical records,
which shows a prevalence of 74% patients with comorbidi-
ties.’ Preexisting clinical manifestations are determining
factors for the need for ICU admission, in addition to the
predisposition to complications and increased difficulty
in recovery when affected by new diseases, such as VAP.
The increase of aging-related diseases and the difficult
access to quality healthcare greatly impact the health of
the population and place these diseases among the main
causes of death worldwide.’> Programs are needed to
improve adherence to treatments related to comorbidities
(SAH, DM, COPD), maintaining these morbidities under
control and reducing damage to the patient’s body.

Regarding the diagnosis for hospitalization, trauma
was the most prevalent in patients with VAP. In a retros-
pective study, carried out at the Hamad General Hospital
in Qatar, the highest rate of VAP was identified in patients
who suffered severe injuries caused by trauma.l®In this
study, the main diagnosis for hospitalization is associa-
ted with the profile of the institution, which is a regional
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reference center in major trauma. It is understood that
trauma patients are more susceptible to developing VAP
due to the need for ventilatory support, severely injured
patients may require an early advanced airway manage-
ment and MV for longer than other patients.”

Most patients in this study were under enteral nu-
trition. A descriptive, documentary, retrospective study,
with a quantitative approach, carried out in a public
teaching hospital in the city of Cascavel, demonstrated
that, of the 146 patients diagnosed with VAP, 54.1% of the
patients used a nasoenteral tube (NET).® Malnourished
and patients with obesity may develop greater vulnerabi-
lity to infection and death.!* The association of nutritional
status with the clinical outcome of patients in a hospital
environment still needs to be continuously monitored,
since malnutrition considerably increases hospital mor-
tality, both in critical and non-critical patients.t®

Regarding pathogens, in this study, there was a
prevalence of Gram-negative K. pneumoniae Carbapene-
mase KPC, responsible for several infections, especially
nosocomial infections. Similar data were found in a des-
criptive, cross-sectional, retrospective, and quantitative
study, carried out in an adult ICU of a medium-sized
hospital, in which the predominant microorganism was
K. pneumoniae Carbapenemase (45% of cases).’ It can
be observed that multidrug-resistant Gram-negative
bacteria are present in most studies, corroborating
our results. According to the Brazilian National Health
Surveillance Agency (ANVISA), the dissemination of
KPC-producing enterobacteriaceae is a serious clinical
and epidemiological problem in several Brazilian health
institutions. Moreover, the antimicrobial therapy applied
in the treatment is based on the use of Polymyxin B or
Polymyxin E, together with one or more antibiotics, such
as aminoglycosides (gentamicin or amikacin), Carbape-
nems (meropenem or doripenem), and tigecycline.?°

Endotracheal intubation is characterized as a me-
dical emergency, since the patient requires invasive ven-
tilation immediately. Regarding the device used in this
study, endotracheal intubation was predominant, corro-
borating an analytical, cross-sectional, and retrospective
study conducted in Piaui, which recorded 58.3% of use in
a sample of 36 patients with VAP.2 According to ANVISA,
endotracheal intubation facilitates bacterial colonization of
the tracheobronchial tree and aspiration of contaminated
secretion from the upper airways, due to the decrease in the
cough reflex, the accumulation of secretion above the cuff,
and the contamination of the tube itself.?

In our study, there were few cases of reintubation,
which corroborates a retrospective, documental study
with a quantitative approach, developed in a teaching
hospital, in which 34% of the patients required reintuba-
tion.’ Early extubation is one of the predisposal factors
to reintubation. This procedure favors reintubation in the
first 24 hours after MV removal, causing an increased
incidence of secondary VAP due to the risk of aspirating
secretion from the upper airways.®

For microbial resistance, patients with VAP of our
sample developed some type of microbial multidrug

resistance. A retrospective cohort study conducted in
the ICU of a medium-sized hospital located in the inland
Rio Grande do Sul, Brazil, also demonstrated evidence of
pathogenic microorganisms resisting to antibiotics.?? The
antibiotic resistance is a serious public health concern,
as it interferes with infection control, increases the risk
of morbidity and mortality, reduces therapeutic efficacy,
poses a risk to patient safety, and causes high costs for
health care.?® Thus, to reduce resistant microorganisms
in health services, it is necessary to implement strategies
for the rational use of antimicrobials, to evaluate appropria-
te administration, and correct duration of antibiotic therapy.

In this study, the clinical outcome of 65.2% of the
cases was death. In a descriptive study with a prospective
approach, developed in the adult ICU of the Dr. Heitor
Vieira Dourado Tropical Medicine Foundation, similar
results were obtained in a sample of 30 patients, from
which 63.3% died due to VAP.?* Notably, some studies
cited indicate the high mortality rate associated with VAP,
reaffirming that this infection is a risk factor for death in
ICUs. To reduce death figures associated with VAP, it is
necessary to implement prevention actions in intensive care
units, such as the use of a VAP prevention bundle, periodic
training, as well as continuing and permanent training.”’

The average length of hospitalization of patients
diagnosed with VAP was 30 days in an observational,
cross-sectional, and retrospective study conducted in a
teaching hospital in the south of Minas Gerais. It corro-
borates our outcomes, which showed an average length
of stay of 27 days.?® This is an alarming data, because
staying in the hospital environment increases the risk of
infections and, as a consequence, hospital costs and the
chances of an unfavorable outcome, such as death. The
duration of MV in this study was longer than in a study
conducted in an adult ICU with a MV time <10 days.* The
increase in MV time is an important risk factor for acqui-
ring VAP, since it compromises the body defense, favors
the installation and multiplication of more resistant,
aggressive, pathogenic microorganisms, and contributes
to high mortality rates.?

The retrospective and documental design holds
some limitations, as there is no direct contact with the
patient, making it impossible to collect data in full and
with real infection potentials. Some information about
the living conditions of the people studied was unavai-
lable. It is known that, the closer the disease occurs to
the individual, the closer it is to biological explanations,
in which professionals and managers have proportionally
reduced success over the collective impact.

Despite the research limitations, numerous benefits
may be provided not only to the studied institution, but
also to other institutions, in addition to contributing to
the emergence of new research on the subject, to im-
prove the quality of care provided to patients. Based on
the knowledge of the epidemiological profile that is most
susceptible to the development of VAP and the variables
with the highest prevalence of infection, the institution
can elaborate management and care protocols along
with patient safety and the Hospital Infection Control
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Committee, as well as promote continuing training with
professionals who work directly in the care of patients on
MV, to avoid and minimize the VAP incidence.

According to the outcomes, it was found that the epi-
demiological profile of patients with VAP were male, aged
60 years or older, with preexisting comorbidities, mostly
victims of trauma, with prolonged hospitalization and ven-
tilation, and with a prevalent clinical outcome of death.

This study concludes that there is still a need for in-
terventions, continuing education, and the development
of specific measures for critically ill patients. Therefore,
we hope that these variables can contribute to promo-
ting patient safety in MV and improving the quality of care
provided to them. Furthermore, it is expected to help in
developing prevention strategies to reduce VAP incidence.
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ABSTRACT

Background and Objectives: Human Immunodeficiency Virus (HIV) and Human T-Lymphotropic Virus (HTLV)
infections precipitate immunological deficiencies, predisposing afflicted individuals to opportunistic diseases and
exacerbating clinical symptoms. A prevalent health concern among these patients is enteroparasitosis. This research
delineates the intestinal parasitosis profile in patients diagnosed with AIDS and/or HTLV at a specialized infectious
disease hospital in Alagoas. Methods: this quantitative, cross-sectional analysis was conducted from August 2021
to May 2022, encompassing patients diagnosed with AIDS and/or HTLV. The study employed various copropara-
sitological assessments, including the Hoffman, Pons, and Janer, Baermann-Moraes, and Safranin-methylene blue
techniques, complemented by macroscopic examination of fecal consistency. These assessments were carried out
at the Infectious-Parasitic Diseases Laboratory of the Universidade Estadual de Ciéncias da Satide de Alagoas. Data
processing was performed utilizing the Statistical Package for the Social Sciences®. Ethical clearance was obtained
from the Universidade Estadual de Ciéncias da Satde de Alagoas Research Ethics Committee. Results: from the 77
participants recruited, 44 provided fecal specimens. All participants were HIV-positive, with a male predominance.
Enteroparasites were detected in 27.27% of the samples. Notably, Entamoeba histolytica/Entamoeba dispar and Stron-
gyloides stercoralis emerged as the most prevalent protozoan and helminth, respectively. The Hoffman, Pons, and
Janer technique successfully identified parasites in all positive samples. Treatment was administered to all patients
with positive findings. Conclusion: the significant prevalence of opportunistic parasites observed underscores the
criticality of routine coproparasitological screening in immunocompromised patients. Such proactive measures are
essential to mitigate the risk of heightened morbidity and mortality within this vulnerable population.

Keywords: Acquired Immunodeficiency Syndrome. Human T-lymphotropic virus 1. Human T-lymphotropic virus 2.
Opportunistic Infections. Parasitic Intestinal Disease.

Rev. Epidemiol. Controle Infecc. Santa Cruz do Sul, 2024 Abr-Jun;14(2):318-324. [ISSN 2238-3360]

Please cite this article as: Santos | Maia F, Silva L, Morais A, Silva J, Wanderley F. Parasitoses intestinais em pacientes com AIDS e/ou HTLV: resultados de um hospital de referéncia em
doencas infecciosas. Rev Epidemiol Control Infect [Internet]. 18° de junho de 2024 [citado 19° de agosto de 2024]:14(2). Disponivel em: https.//online.unisc.br/seer/index.php/epidemiolo-
gia/article/view/18715
Page 01 of 07
Exceto onde especificado diferentemente, a matéria publicada neste periédico é licenciada not for quotation
@ @ sob forma de uma licenga Creative Commons - Atribuicéo 4.0 Internacional.
BY

http://creativecommons.org/licenses/by/4.0/


https://orcid.org/0000-0002-2229-3508
https://orcid.org/0000-0002-0924-5480
https://orcid.org/0000-0002-5013-6278
https://orcid.org/0000-0003-4035-1107
https://orcid.org/0000-0002-5056-1354
https://orcid.org/0000-0001-6922-4174

INTESTINAL PARASITOSIS IN AIDS AND/OR HTLV PATIENTS: FINDINGS FROM AN INFECTIOUS DISEASE REFERENCE HOSPITAL
Victéria Christine de Almeida Santos, Fernando Luiz de Andrade Maia, Lucas Emanuel de Oliveira Silva, Anna Amélia de Paula Moraes, Josenildo Francisco da Silva, Flaviana Santos Wanderley.

RESUMO

Justificativa e Objetivos: as infeccbes pelo Virus da Imunodeficiéncia Humana (HIV) e pelo Virus Linfotropico T
Humano (HTLV) desencadeiam deficiéncias imunoldgicas, predispondo os individuos afetados a doencas oportunistas
e exacerbando sintomas clinicos. Uma preocupacdo de salde prevalente entre esses pacientes é a enteroparasitose.
Esta pesquisa delineia o perfil de parasitose intestinal em pacientes diagnosticados com AIDS e/ou HTLV em um hos-
pital especializado em doencas infecciosas em Alagoas. Métodos: esta anélise quantitativa e transversal foi realizada
de agosto de 2021 a maio de 2022, abrangendo pacientes diagnosticados com AIDS e/ou HTLV. O estudo empregou
diversas avaliagbes coproparasitoldgicas, incluindo as técnicas de Hoffman, Pons e Janer, Baermann-Moraes e azul
de metileno safranina, complementadas por exame macroscopico da consisténcia fecal. Essas avaliacdes foram exe-
cutadas no Laboratério de Doencas Infecto-Parasitarias da Universidade Estadual de Ciéncias da Saude de Alagoas.
O processamento dos dados foi realizado utilizando o Pacote Estatistico para as Ciéncias Sociais®. A aprovacao ética
foi obtida do Comité de Etica em Pesquisa da Universidade Estadual de Ciéncias da Satde de Alagoas. Resultados:
dos 77 participantes recrutados, 44 forneceram amostras fecais. Todos os participantes eram HIV-positivos, com
predominancia masculina. Enteroparasitas foram detectados em 27,27% das amostras. Notavelmente, Entamoeba
histolytica/Entamoeba dispar e Strongyloides stercoralis emergiram como o protozoario e helminto mais prevalentes,
respectivamente. A técnica de Hoffman, Pons e Janer identificou com sucesso parasitas em todas as amostras positi-
vas. Tratamento foi administrado a todos os pacientes com achados positivos. Conclusao: a significativa prevaléncia
de parasitas oportunistas observada sublinha a criticidade da realizacdo rotineira de exames coproparasitoldgicos em
pacientes imunocomprometidos. Tais medidas proativas sao essenciais para mitigar o risco de aumento da morbida-
de e mortalidade nessa populacdo vulneravel.

Descritores: Sindrome da Imunodeficiéncia Adquirida. Virus Linfotrépico de Células T Tipo 1 Humano. Virus Linfo-
tropico de Células T Tipo 2 Humano. Infeccées Oportunistas. Doengas Parasitdrias.

RESUMEN

Justificacion y Objetivos: las infecciones por el Virus de Inmunodeficiencia Humana (VIH) y el Virus Linfotré-
pico Humano de Células T (HTLV) provocan deficiencias inmunolégicas, predisponiendo a los individuos afectados a
enfermedades oportunistas y exacerbando los sintomas clinicos. Una preocupacién sanitaria prevalente entre estos
pacientes es la enteroparasitosis. Esta investigacion delinea el perfil de parasitosis intestinal en pacientes diagnostica-
dos con SIDA y/o HTLV en un hospital especializado en enfermedades infecciosas en Alagoas. Métodos: este analisis
cuantitativo y transversal se llevo a cabo de agosto de 2021 a mayo de 2022, abarcando a pacientes diagnosticados
con SIDA y/o HTLV. El estudio empled diversas evaluaciones coproparasitoldgicas, incluyendo las técnicas de Hoff-
man, Pons y Janer, Baermann-Moraes y azul de metileno safranina, complementadas con el examen macroscopico
de la consistencia fecal. Estas evaluaciones se realizaron en el Laboratorio de Enfermedades Infecto-Parasitarias de
la Universidade Estadual de Ciéncias da Saude de Alagoas. El procesamiento de datos se llevd a cabo utilizando el
Paquete Estadistico para las Ciencias Sociales®. Se obtuvo la aprobacion ética del Comité de Etica en Investigacién de
la Universidade Estadual de Ciéncias da Saude de Alagoas. Resultados: de los 77 participantes reclutados, 44 aporta-
ron muestras fecales. Todos los participantes eran VIH positivos, con una predominancia masculina. Se detectaron
enteroparasitos en el 27,27% de las muestras. Notablemente, Entamoeba histolytica/Entamoeba dispary Strongyloides
stercoralis emergieron como el protozoo y helminto més prevalentes, respectivamente. La técnica de Hoffman, Pons
y Janer identificd con éxito parasitos en todas las muestras positivas. Todos los pacientes con resultados positivos
recibieron tratamiento. Conclusion: la prevalencia significativa de parasitos oportunistas observada subraya la impor-
tancia de la evaluacién coproparasitolégica rutinaria en pacientes inmunocomprometidos. Tales medidas proactivas
son esenciales para mitigar el riesgo de aumentar la morbilidad y mortalidad en esta poblacion vulnerable.

Palabras clave: Sindrome de Inmunodeficiencia Adquirida. Virus Linfotrépico Tipo 1 de Células T Humanas. Virus
Linfotrépico Tipo 2 de Células T Humanas. Infecciones Oportunistas. Enfermedades Parasitarias.

which can lead to neoplasms and opportunistic infections.?
Another retrovirus that represents a public health
concern is the Human T-Lymphotropic Virus (HTLV), which

INTRODUCTION
The Acquired Immunodeficiency Syndrome (AIDS)

caused by the Human Immunodeficiency Virus (HIV) is
considered a pandemic, with approximately one million
cases detected in Brazil from 1980 to June 20181 The de-
finition of AIDS is associated with viral infection, high viral
load, immunological deficiency, especially in CD4+ T-cells,

induces symptoms in a minority of patients (around 3%
to 5% of infected individuals), whereas HIV causes clinical
disease in all infected individuals.? Currently, two sub-
types capable of infecting humans have been identified:
HTLV I and HTLV II, both with tropism for T-lymphocytes.*
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Despite having a considerable national average prevalen-
ce (0.41%) and possessing immunosuppressive potential,
HTLV infection is not subject to mandatory reporting,
and the disease is neglected in the country.

Among the opportunistic infections that can affect
these immunocompromised patient groups, intestinal
parasitosis stands out as one of the challenges faced by
healthcare systems in developing countries like Brazil.®
Controlling these parasitic infections requires widely
available sanitation facilities, high access to clean water,
and relatively adequate personal and domestic hygiene.®
Furthermore, understanding the extent of intestinal pa-
rasitic infections in a community is crucial for planning
efficient intervention programs.’®

Understanding the prevalence of intestinal parasi-
tosis in AIDS and/or HTLV patients is crucial to develop
effective preventive measures and targeted treatments to
improve their overall health outcomes. By exploring the
presence and types of parasites in this vulnerable group,
healthcare professionals can optimize diagnostic strategies
and implement appropriate interventions, thereby reducing
morbidity and mortality associated with enteroparasitosis.

Within the framework of this investigation, the prima-
ry objective is to delineate the epidemiological profile of
intestinal parasitosis among patients hospitalized with AIDS
and/or HTLV, specifically in a hospital renowned for its exper-
tise in managing infectious diseases in the Alagoas State.

METHODS

The present study analyzes the prevalence of pa-
rasitic infections in immunocompromised patients. We
specifically examined the hypothesis that there may be
a correlation between parasitic infection and stool con-
sistency in immunocompromised patients. To this end,
the research adopted a quantitative and cross-sectional
approach, utilizing medical records, questionnaires, and
fecal samples from patients diagnosed with AIDS and/
or HTLV. These patients were admitted to the Hospital
Escola Dr. Helvio Auto (HEHA), a center of excellence for
treating infectious diseases, located in Maceié, Alagoas.
The timeframe for data collection spanned from August
2021 to May 2022.

Upon obtaining their consent to participate in the
study, patients received a printed copy of the Informed
Consent Form (ICF) from researchers, providing acces-
sible and concise information about the purpose of the
research and the manner in which they would participate.
They were also informed that they could withdraw from
the study at any stage.

Subsequently, a structured questionnaire related
to socioeconomic and epidemiological aspects was ad-
ministered to identify potential risk factors for parasitic
infection, such as food preparation methods, hygiene
habits, and living conditions.

Following this, fecal samples (approximately 25g)

were collected from patients using wide-mouth contai-
ners with lids and examined using three parasitological
methods: Hoffman, Pons, and Janer (HPJ); Baermann-Mo-
raes (BM); and Safranin-methylene blue technique (SMBT).

The HPJ method aims to increase the concentration
of eggs, larvae, or cysts and isolate fats from most of the
debris through spontaneous sedimentation by gravita-
tional or centrifugal force. As a result, the cysts, eggs,
and larvae settle at the bottom of the container while the
debris remains suspended at the surface.®

The BM technique identifies nematode larvae, partic-
ularly Strongyloides stercoralis and hookworms, based on
the larvae’s hydro- and thermotropism properties. It takes
advantage of their attraction to warm water for isolation.X

The SBMT method uses differential staining to
visualize oocysts separately from the rest of the fecal
material. Consequently, the oocysts acquire a reddish
color, whereas fecal artifacts appear blue under the mi-
croscope, allowing for a quick and easy diagnosis.t!

These exams were performed at the Laboratory
of Infectious-Parasitic Diseases (LaDIP), located in the
Ib Gatto Research Pavilion within the headquarters of
Universidade Estadual de Ciéncias da Satde de Alagoas
(UNCISAL). Biosafety measures were strictly observed for
all these methods. Additionally, the data from the ques-
tionnaires, medical records, and coproparasitological
sheets of each patient were individually entered into an
Excel spreadsheet for subsequent tabulation.

The study included patients with confirmed diag-
noses of AIDS and/or HTLV who were admitted to HEHA
between August 2021 and May 2022. Only patients who
willingly provided fecal samples for coproparasitological
analysis were considered for inclusion. Patients with
incomplete medical records or data on their AIDS/HTLV
status, those who declined to participate, and individuals
with known allergies or contraindications to the exam
procedures were excluded from the study.

The data collected were subsequently tabulated
and analyzed using the Statistical Package for the Social
Sciences®. A percentage analysis of the results was per-
formed and Fisher’s exact test was applied, which assess-
es the association between two independent variables.!?
This test was used to establish the significance between
stool consistency and presence of parasites as well as
presence of mucus in stools and presence of parasites.
A p-value of < 0.05 was used to determine significance
between the two variables in question.

The study was approved by the UNCISAL Research
Ethics Committee, under registration CAAE (Certificado
de Apresentacdo para Apreciacdo Etica - Certificate of Pre-
sentation for Ethical Consideration) 70057017.2.00005011.
Acceptance report 4.728.414 was approved on May 24,
2021. It included the main researcher's commitment
statement and ethical statements as well as absence of
conflicts of interest declarations from all researchers.
The research was conducted in accordance with the eth-
ical standards required - Ministry of Health Resolutions
466/2012, 510/2016, and 580/2018.
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RESULTS

From August 2021 to May 2022, 111 patients with
AIDS and/or HTLV admitted to HEHA were approached.
Out of these, 77 agreed to participate in the research,
granting access to their medical records and expressing
interest in responding to the questionnaire and provi-
ding a fecal sample for intestinal parasite investigation.
The reasons for refusal encountered were: a) discharge
from the hospital; b) refusal to participate; c) bedridden
patient without an accompanying person; d) psychiatric
patient without isolation.

A total of 44 fecal samples were collected for co-
proparasitological examination. The numerical difference

Table 1. Independent variables related to sociodemo-
graphic data according to the presence or absence of
intestinal parasites in HIV-positive patients admitted
to a reference hospital for infectious diseases, Maceid,
Alagoas.

Variable Parasitized Not parasitized
Absolute % Absolute %
Sex
Female 2 4.5 4 9.1
Male 10 22.7 28 63.6
Age range
<18 0 0 0 0
18-24 1 2.3 1 2.3
25-29 0 0 1 23
30-34 0 0 4 9.1
35-39 4 9.1 6 13.6
40-44 0 0 6 13.6
45-49 2 4.5 8 18.2
50-54 1 2.3 1 23
55-60 2 45 3 6.8
>60 2 45 2 4.5
Municipality
Maceid 7 159 19 43.2
Others 5 114 13 29.5
Income
Up to 2 minimum wages 11 25 29 65.9
2-4 minimum wages 0 0 2 45
4-6 minimum wages 1 23 1 23
6-8 minimum wages 0 0 0 0
8 or more minimum wages 0 0 0 0
Education
No education 3 6.8 5 11.4
Incomplete elementary school 6 136 22 50
Complete elementary school 0 0 0 0
Incomplete high school 0 0 0 0
Complete high school 1 23 3 6.8
Incomplete higher education 1 2.3 1 2.3
Complete higher education 1 23 1 23
Marital status
Single 5 114 17 38.6
Married 4 91 4 9.1
Divorced 2 4.5 8 18.2
Widower 1 2.3 3 6.8

between the research participants and collected fecal
samples occurred due to some patients either not pro-
viding the fecal sample for examination (due to hospital
discharge or loss of the sample) or not being eligible for
inclusion in the study. All participants in the research
were HIV-positive, and none had HTLV infection.

Table 1 describes the sample socioeconomic profile.
The majority of those infected with parasites were male
(22.7%), aged between 35 and 39 years (9.1%), lived in the
municipality of Macei6 (15.9%), had incomplete elemen-
tary school (13.6%), had an income equal to or less than 2
minimum wages (25%) and were single (11.4%).

As shown in Table 2, parasitic infection was con-
firmed through coproparasitological exams in 27.27%
(12) of patients. Among these, 83.33% (10) were infected
with a single parasite species (monoparasitism), whereas
16.67% (2) were infected with multiple parasite species
(polyparasitism).

Table 2. Occurrence of enteroparasites in patients with
AIDS assisted at a reference hospital for infectious dise-
ases in Maceio, Alagoas, from August 2021 to May 2022.

Coproparasitological test

Positive (%) Negative (%) Total (%)
12 (27.27)
10 monoparasitized (83.33%) 32 (72.73) 44 (100)

2 polyparasitized (16.67)

Table 3. Enteroparasites identified and quantity of po-
sitive results by parasitological technique performed in
patients with AIDS assisted at a reference hospital for
infectious diseases in Maceio, Alagoas, from August 2021
to May 2022.

Enteroparasites HPJ*  BM** SMBT ***
Protozoa

Entamoeba histolytica/Entamoeba dispar 3 - -
Endolimax nana 2 - -
Cystoisospora belli 1 - 1
Giardia lamblia 1 - -
Helminths

Strongyloides stercoralis 4 4 1
Ancylostomatidae 2 - -
Schistosoma mansoni 1 - 1

*Hoffman, Pons, and Janer; **Baermann-Moraes; ***Safranin-methylene blue technique.

Table 3 shows the distribution of positive results
for each parasite concerning the parasitological methods
used: HPJ; BM; and SBMT. The findings revealed that
under the protozoa category, Entamoeba histolytica/
Entamoeba dispar was identified in three instances ex-
clusively through the HPJ method, whereas Endolimax
nana was detected in two cases, also solely with HPJ.
Additionally, Cystoisospora belli was observed in one case
each by HPJ and SMBT, but not by BM. Giardia lamblia
was detected in a single case, again only through HPJ. In
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Table 4. Relationship between stool consistency and the results of parasitological exams in patients with AIDS assisted
at a reference hospital for infectious diseases in Macei6, Alagoas, from August 2021 to May 2022.

Parasitological exam (N/%) Odds Ratio p-value
Stool consistency Negative Positive Total (N/%) 1.1 1.0
Formed 22 (73.30) 8 (26.70) 30 (100)
Diarrheic 10 (71.40) 4 (28.60) 14 (100)
Total 32 (72.70) 12 (27.30) 44 (100)

the helminths category, Strongyloides stercoralis showed
a higher prevalence, being identified in four cases each
with HPJ and BM, and in one case with SMBT. The family
Ancylostomatidae was detected in two cases, but only
through HPJ. Lastly, Schistosoma mansoni was identified
in one case each by HPJ and SMBT, but not by BM.

These outcomes indicate that the HPJ method
demonstrated a broader detection capability for a range
of parasites in the sample. In contrast, the BM method
showed a specific efficacy in identifying Strongyloides
stercoralis. SMBT, while showing limited overall detec-
tion, was effective in identifying Cystoisospora belli and
Schistosoma mansoni, highlighting its potential utility in
diagnosing specific parasitic infections.

The macroscopic examination of the stools allo-
wed the identification of 14 (31.81%) diarrheal samples,
as shown in Table 4. Among them, only four (28.70%)
were parasitized. Furthermore, mucus was found in five
(35.71%) of the diarrheal samples and in seven (15.90%)
out of the 44 samples collected. The relationship between
the analyzed stool consistency and parasitized individu-
als, according to Fisher's exact test, was not statistically
significant (p=1.0). The odds ratio of 1.1 suggests a sli-
ght, but not substantial, increase in the odds of testing
positive for parasites in individuals with diarrheic stool
compared to those with formed stool. However, this is
not statistically significant.

DISCUSSION

Opportunistic infections by enteroparasites are
found in 30-60% of HIV-positive patients in developed
countries and 90% in developing countries. In particular,
infections caused by agents such as Cystoisospora belli,
Cryptosporidium sp., and Giardia duodenalis have been
frequently reported in individuals with AIDS.** For ins-
tance, Cystoisospora belli is an obligatory intracellular
protozoan exclusive to humans, belonging to the phylum
Apicomplexa, which leads to diarrhea, commonly repor-
ted in opportunistic infections, especially in individuals
with CD4+ T lymphocyte count below 200 cells/ml.2*

Cryptosporidium, on the other hand, is an intracellu-
lar extracytoplasmic protozoan that can cause diarrhea of
varying severity in both immunocompetent and immu-
nocompromised individuals. For instance, in individuals
with AIDS or children with nutritional deficits, condition
tends to be more severe.’ Additionally, the protozoan

Giardia lamblia and the nematode Strongyloides sterco-
ralis, also found in immunocompetent individuals, are
frequently identified in the parasitological profile of
immunosuppressed individuals.t®

Therefore, coproparasitological exams should be
frequently requested for immunocompromised patients
to determine the presence of any opportunistic agent or
to ensure criteria for intestinal parasitic cure.’’

The predominance of monoparasitized individuals
among those with AIDS is consistent with findings in the
literature,'® although polyparasitism is more common
in people with HIV than in immunocompetent indivi-
duals.’® However, due to the small sample size, it is not
possible to determine the relevance of this information.
Nevertheless, it is necessary to mention that individuals
with HIV/AIDS are 11.42 times more likely to develop
parasitic infections than healthy individuals. In addition
to environmental contamination, host nutritional and
immunological factors are essential in the establishment
of parasitic diseases.?

According to Table 1, the most frequently identified
parasites in the exams were the protozoa species Entamo-
eba histolytica/Entamoeba dispar (25%) and the helminth
species Strongyloides stercoralis (33.33%). Additionally, S.
stercoralis is capable of causing severe gastroenteropathy
and significant weight loss in HIV-positive individuals.?
In immunocompromised individuals, hyperinfection syn-
drome may occur, with a mortality rate exceeding 80%.%

Two polyparasitized patients were detected, one
infected with two species of protozoa (Endolimax nana
and Entamoeba histolytica/Entamoeba dispar) and the
other with two helminth species (Ancylostomatidae and
Schistosoma mansoni). Polyparasitism can exacerbate the
severity of infectious diseases, such as AIDS.?> Moreover,
in immunocompromised individuals, schistosomiasis
is more likely to lead to portal hypertension, hepatic
fibrosis, digestive bleeding, and severe liver failure in the
chronic phase of the disease, resulting in death.?

Each fecal sample was analyzed using three di-
fferent parasitological methods, as applying different
techniques to the same individual's sample allows for
greater accuracy and confidence in the results obtained.
The BM technique, specific for identifying helminth larvae,
only yielded positive results for S. stercoralis larvae. The Mo-
dified Ziehl-Neelsen technique identified Cystoisospora belli
oocysts, S. stercoralis larvae, and Schistosoma mansoni eggs.

All parasites were detected using the HPJ method
after analyzing the same fecal material. Thus, it is inferred
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that this technique was the most sensitive and com-
prehensive in diagnosing these enteroparasites, making
it the most effective.?

Research participants are more vulnerable to op-
portunistic parasitic infections due to their immunocom-
promised status. Therefore, persistent symptoms, such as
prolonged diarrhea, may be present, which, if not treated
promptly, can lead to unfavorable outcomes for patients.?

All coproparasitological exams were performed
promptly, and the reports were attached to patients’
medical records so that positive cases could be treated
by the hospital’s technical staff. Treatment for HIV and/
or HTLV-positive individuals is essential as symptoms can
become chronic, given that the gastrointestinal tract is an
organ significantly affected by HIV infection.?

A factor that can worsen parasitic infections affec-
ting this population is poor adherence to antiretroviral
therapy, which has significant implications for the immu-
nosuppression of these individuals. Inadequate hygiene
conditions, lack of basic sanitation, and consumption of
contaminated water and food can also contribute to their
increased vulnerability.?

Coccidia are also resistant to conventional water
treatment.?’ This favors their viability and dissemination
in the environment. Therefore, preventive measures for in-
testinal parasitic infections are the responsibility of both the
individuals — through adherence to antiretroviral treatment
and proper hygiene conditions —and the State, which should
guarantee the constitutional right to basic sanitation.

The study has certain limitations that should be
acknowledged. Firstly, the sample size of 77 participants,
with only 44 providing fecal samples, may be considered
relatively small, potentially affecting the study’s statistical
power and generalizability. Secondly, the cross-sectional
design limits the ability to establish causal relationships
between intestinal parasitosis and disease progression.
Additionally, missing data on AIDS/HTLV status and other
variables might introduce bias into the results. The sen-
sitivity of the coproparasitological exam methods used
could influence parasite detection accuracy.

Despite these limitations, the study provides valu-
able insights into the prevalence and profile of intestinal
parasitosis in AIDS and/or HTLV patients, offering a foun-
dation for further research and clinical implications while
recognizing the need for cautious interpretation. At the
end, it was possible to identify opportunistic parasites,
which are frequently described in immunocompromised
populations. As a result, measures to combat the trans-
mission of these parasites should be implemented, and
policies should encourage antiretroviral treatment main-
tenance. Among preventive measures is the performance
of parasitological exams and immediate treatment for
positive cases to avoid significant morbidity and mortality.

Based on the findings from the work, the recom-
mendations include the need for frequent coproparasi-
tological examinations in immunocompromised patients,
particularly those with HIV/AIDS, to promptly identify and
treat opportunistic parasitic infections. Emphasis should
be placed on enhancing adherence to antiretroviral the-

rapy and improving hygiene and sanitation conditions to
mitigate the risk of parasitic infections. For future studies,
it is suggested to expand the sample size and possibly
employ a longitudinal study design to better understand
the causal relationships between intestinal parasitosis
and the progression of HIV/AIDS and HTLV infections.
Further research could also explore the impact of varying
antiretroviral adherence levels on the prevalence and
severity of parasitic infections and the effectiveness of
different water treatment methods in controlling the
spread of resistant parasites.
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ABSTRACT

Justificativa e Objetivos: Antropozoonose de relevancia global, a raiva apresenta alta letalidade e requer
atendimento qualificado, assim como atencdo as espécies agressoras. Assim, o objetivo foi descrever o perfil socio-
demogréfico e a causalidade de atendimentos antirrabicos humanos pés-exposicao notificados entre 2007 e 2022 no
municipio de Ponta Grossa, Parana. Método: Estudo epidemiolégico descritivo e quantitativo realizado com dados
secundarios obtidos das fichas de notificagdo de atendimento antirrdbico humano no municipio de Ponta Grossa, Pa-
rand, entre janeiro de 2007 e dezembro de 2022. Os dados foram coletados do sistema de informagéo de Agravos de
Notificacdo (SINAN) e tabulados no programa Excel. As varidveis analisadas foram: fatores sociodemograficos, data
de atendimento, tipo de exposicado e espécie do animal envolvido. Os dados foram analisados a partir de frequéncia
absoluta e relativa. Resultados: A amostra foi composta por 16.668 casos. O perfil sociodemogréfico dos usuarios
que buscaram atendimento antirrdbico foi dividido em 51,93% do sexo masculino, 92,98% brancos e 4,55% pardos,
15,77% com idade entre 20 e 29 anos. Quanto a causalidade, 90,35% das notificacdes decorreram de mordeduras,
e 95,60% destas foram causadas pela espécie canina e 4,43% pela felina. Conclusdo: Apesar do predominio de
notificacdes decorrentes de acidentes envolvendo mordeduras, é necessario sensibilizar os profissionais da satde e a
populacdo sobre a importancia epidemioldgica dos outros tipos de potenciais exposi¢des ao virus da raiva.

Descritores: Raiva. Profilaxia Pés-Exposicao. Causalidade. Epidemiologia.

ABSTRACT

Background and Objectives: Rabies is an anthropozoonosis of global relevance and high lethality that requires
qualified care and attention to the aggressor species. The objective was to describe the sociodemographic profile

Rev. Epidemiol. Controle Infecc. Santa Cruz do Sul, 2024 Abr-Jun;14(2):325-334. [ISSN 2238-3360]

Please cite this article as: Pereira CCFA, Trupel LLL, Batista TD, Maia JFS, Stocco C, Kloster M. Atendimento antirrdbico humano pés-exposicdo, Parand - 2007 a 2022: fatores demogrdfi-
cos e causalidade. Rev Epidemiol Control Infect [Internet]. 19° de agosto de 2024 [citado 19° de agosto de 2024];14(2). Disponivel em: https.//online.unisc.br/seer/index.php/epidemiologia/
article/view/18918
Page 01 of 10
Exceto onde especificado diferentemente, a matéria publicada neste periédico é licenciada not for quotation
@ @ sob forma de uma licenga Creative Commons - Atribuicéo 4.0 Internacional.
BY

http://creativecommons.org/licenses/by/4.0/


https://orcid.org/0009-0000-5086-1827
https://orcid.org/0000-0003-2716-5377
https://orcid.org/0000-0001-6063-2235
https://orcid.org/0009-0007-2245-6016
https://orcid.org/0000-0002-8327-3084
https://orcid.org/0000-0001-6566-3030
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and causality of human anti-rabies care services reported between the years 2007 and 2022 in the city of Ponta
Grossa, state of Parana. Method: Descriptive and quantitative epidemiological study carried out from the notification
forms of human anti-rabies care in the city of Ponta Grossa, Parana, between January 2007 and December 2022.
Data were collected from the Notifiable Diseases Information System (SINAN) and tabulated in the Excel program.
The main variables addressed were: sociodemographic factors, date of care, type of exposure, and species of the
animal involved. Data were analyzed from absolute and relative frequency. The project follows the ethical standards
of the National Health Council. Results: The sample included 16,668 cases. The sociodemographic profile of users
who sought anti-rabies care was made up of 51.93% male, 92.98% were White and 4.55% Brown race, 15.77% were
aged between 20 and 29 years, 13.16% between 30 and 39 years old. As for causality, 90,35% of notifications were
due to bites, of which 95.60% were caused by canines and 3,81% by felines. Conclusion: Despite the predominance
of reports resulting from accidents involving bites, it is necessary to raise awareness among health professionals and
the population regarding the epidemiological importance of other types of potential exposure to the rabies virus.
Keywords: Rabies. Post-Exposure Prophylaxis. Causality. Epidemiology.

RESUMEN

Justificacion y Objetivos: Antropozoonosis de relevancia mundial, la rabia tiene una alta letalidad y requiere
cuidados calificados, asi como atencion a la especie agresora. Asi, el objetivo fue describir el perfil sociodemografico
y la causalidad de las visitas antirrdbicas humanas notificadas entre los afios 2007 y 2022 en el municipio de Ponta
Grossa, Parana. Métodos: Estudio epidemioldgico descriptivo y cuantitativo realizado a partir de los formularios de
notificacion de atencidn antirrabica humana en el municipio de Ponta Grossa, Parang, entre enero de 2007 y diciembre
de 2022. Los datos fueron recolectados por el Sistema de Informacién de Enfermedades de Declaracion Obligatoria
(SINAN) y tabulados en el programa Excel. Las principales variables abordadas fueron: factores sociodemograficos,
fecha de atenciodn, tipo de exposicion y especie de animal involucrada. Los datos se analizaron a partir de la frecuencia
absoluta y relativa. El proyecto sigue las normas éticas del Consejo Nacional de Salud. Resultados: La muestra incluy6
16.668 casos. El perfil sociodemogréfico de los usuarios que buscaron atencién antirrabica estuvo conformado por
51,93% hombres, 92,98% eran blancos y 4,55% mestizos, 15,77% con edad entre 20 y 29 afios, 13,16% entre 30 y 39
anos. Cuanto a la causalidad, 90,35% de las notificaciones se debieron a mordeduras, de las cuales 95,60% fueron
causados por caninos y el 3.81% por felinos. Conclusiones: A pesar del predominio de las notificaciones resultantes
de accidentes con mordeduras, es necesario concientizar a los profesionales de la salud y la poblacién sobre la
importancia epidemioldgica de otros tipos de exposicién potencial al virus de la rabia.

Palabras Clave: Rabia. Profilaxis Posexposicion. Causalidad. Epidemiologia.

INTRODUCTION most efficient action for controlling and eliminating the

Rabies is an infectious disease that affects all mam-  disease, which is highly preventable when appropriate

mals. It is an anthropozoonosis of great global relevance
characterized by an acute and progressive encepha-
lomyelitis with a fatal course caused by the virus of the
rhabdoviridae family, genus Lyssavirus.

The virus can be transmitted mainly by bites and, in
rarer cases, by licking or scratching mucous membranes.
The epidemiological chain of the disease involves the
urban (dogs and cats), rural (horses and cattle), wild aerial
(bats) and wild terrestrial (monkeys, opossums, among
others) cycles.?* The incubation period of the virus can
vary according to the animal involved and other criteria,
such as the extent and location of the wound. In carnivo-
rous and herbivorous species, the incubation period can
vary from 15 days to four months, while in chiropterans,
this period is longer.® In humans, the incubation period
can vary from days to months.?

The classification of the accident depends on cha-
racteristics such as location, depth, extension and num-
ber of injuries. The use of anti-rabies vaccination is the

immunization strategies are adopted for people at risk
and animals, as they are the main source of transmission.?

Prophylaxis against human rabies can be done
pre- or post-exposure. The former is indicated for people
at risk of permanent exposure to the virus, during occu-
pational activities performed by veterinarians, biologists,
researchers, among others. The post-exposure prophyla-
xis (PEP) is indicated for people accidentally exposed to
the virus and involves evaluation, careful cleaning of the
wound and immunization with the rabies vaccine, alone
or in combination with serum or human anti-rabies im-
munoglobulin.?2 The incorrect assessment of the wound
can lead to the unnecessary use of already scarce the-
rapeutic resources, in addition to exposing patients to
unnecessary adverse effects.®

Rabies is a public health problem as it presents
high risk of infection, high fatality rates, and high cost of
treatment and prevention actions. As reliable sources in
some endemic countries are lacking, the exact number
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of human rabies cases worldwide is unknown, but the
estimated number of deaths associated with the virus is
close to 60,000 per year.”® Rabies is considered endemic
throughout Brazil, but occurs to different degrees de-
pending on the geopolitical region analyzed.?

Despite the known importance of the disease and
the large number of human anti-rabies treatments, the
disease and its flows may still remain unclear to health
professionals, and more information is needed to impro-
ve the actions developed in the control and prevention
of rabies.® Thus, the objective of the present study was
to describe the sociodemographic profile and causality
of post-exposure human anti-rabies treatments reported
between 2007 and 2022 in the municipality of Ponta
Grossa, Parana.

METHODS

This is a quantitative, descriptive, observational,
cross-sectional retrospective epidemiological study
conducted through exploratory analysis of secondary
data obtained from the Notifiable Diseases Information
System (SINAN) processed by the Epidemiology Depart-
ment of the Ponta Grossa Municipal Health Foundation,
state of Parand, in partnership with the Immunization
Department, responsible for implementing the pre- and
post-exposure prophylaxis.

The municipality of Ponta Grossa (25°05'41" S and
50°09'42" W) is located in the central region of the state
of Parana, on the second plateau of the Campos Gerais
region of Parana at approximately 117 km from Curitiba,
the state capital. According to the most recent data from
the Brazilian Institute of Geography and Statistics (IBGE),

it is the fourth most populous municipality in Parana with
approximately 358,838 inhabitants in an area of 2,054,732
km? (population density of 150.72 inhabitants/km?). The
neighboring municipalities are Campo Largo, Carambei,
Castro, Ipiranga, Teixeira Soares and Tibagi.

All human rabies care caused by different animal
species in the last 15 years (2007 to 2022) reported to the
Epidemiology Department of the city of Ponta Grossa,
Parana, were included and considered, without exclusion.
The analysis compared absolute numbers, relative values
and the average number of care services provided.

As the focus of this study is the rabies PEP, it is im-
portant to recognize and define the flow to be followed
by an individual potentially exposed to the human rabies
virus (Figure 1). The first step after seeking care is to
define the type of exposure (indirect or direct contact
through licking, scratching or biting), the site of contact
(mucosa, head, trunk or limbs), the type of injury and its
severity (superficial, deep or lacerated), as well as the
species of animal involved.?

Along with the procedures for addressing the
wound, the professional responsible for the care must
complete the SINAN Human Anti-Rabies Care Form and
forward it to the Epidemiology and Zoonosis service of
the municipality responsible for observing and evalua-
ting the animals involved. At the same time, the Immuni-
zation Department is notified and will contact the patient
to begin PEP according to the criteria established by the
municipal protocol and clinical evaluation. Several factors
are taken into consideration to define the conduct, such
as the possibility of observation and the behavior of the
animal involved, its survival for the next ten days, in addition
to the aforementioned factors related to the accident.

Potential exposure to rabies virus
Direct or indirect contact

Assessment of wound type, location
and severity

Assessment of the aggressor
species (behavioral and laboratory,
if necessary) and survival

Adoption of conduct

Donot treat

Notification of human rabies care

Epidemiological surveillance is notified,
contacts Immunization and assists in decision
making

Prophylactic regimen with
vaccine

Prophylactic regimen with

serum

Source: Adapted from BRAZIL, 2011.

Figure 1. Approach to accidents with potential exposure to the human rabies virus.
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Data collected by the Immunization and Epidemio-
logy services date from January 1, 2007 to December 31,
2022 and involve all cases of accidents with application of
the PEP reported by the health services of the municipa-
lity of Ponta Grossa.

The Anti-Rabies Care Form served as a subsidy for
adopting the following variables: date of care, sociode-
mographic factors, type of exposure, number and loca-
tion of wounds, history of rabies treatment, species and
condition of the animal involved, treatment indicated for
the accident, status of the rabies regimen and occurrence
of adverse effects.

The information shared by the Epidemiology
Department did not contain any type of patient identi-
fication, only the notification number, sociodemographic
data and accident characteristics. The notification forms
were transcribed by the department and coded into va-
riables in the Excel program, where the average values
for absolute and relative frequencies were also calcula-
ted. The descriptive analysis of data was performed based
on these frequencies, which represent the prevalence of
accidents requiring anti-rabies prophylaxis. In total, 16,668
notification forms for human anti-rabies care were analyzed.

The study project was exempted from considera-
tion by the Research Ethics Committee, according to the
regulations of the National Health Council (CNS) Resolu-
tion No. 510 of April 7, 2016, sub paragraph, item V.

RESULTS

1 - Sociodemographic profile
When analyzing the profile of the sample, com-
posed of 16,668 cases, it was possible to observe that
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48.06% (n=8,011) of the people who sought human
anti-rabies care were women, 51.93% (n=8,656) were
men and 0.01% (n=1) had their sex ignored when filling
out the notification form.

Regarding race/color, 92.98% (n=15,498) of the
sample was classified as White, 4.55% (n= 759) as Brown,
1.22% (n=209) as Black, 0.19% (n=31) as Yellow and 0.28%
(n=46) as Indigenous, while 0.78% (n=130) was ignored.

The most predominant age groups (Figure 2) in the
study were 20-29 years with 15.77% (n= 2,628), 30-39 years
with 13.16% (n=2,192) and 40-49 years with 12.46% (n=2,077).

Older adults were the sample population with the
lowest proportion of anti-rabies care services (n=2,174;
13.04% considering all age groups aged 60 or over). The
frequency of notifications related to babies and children
aged between 0 and 4 years is noteworthy with 8.08%
(n=1,347), and between 5 and 9 years with 10.23% (n=1,706).

When considering education, some individuals
had incomplete primary education (n=5,798; 34,78%;),
complete secondary education (n=3,900; 23.40%) or
incomplete secondary education (n=1,803; 10.82%), only
4.12% (n=686) had started higher education and 4.91%
(n=818) had completed it.

2 - Causality

Among the 16,668 reports (Table 1) of exposure
to the human rabies virus, the significant majority of
accidents were due to bites (n=15,059; 90.35%), of whi-
ch 95.60% (n=14,396) were caused by dogs and 3.81%
(n=574) by cats.

Canines stood out as the most frequent aggressor
species leading to anti-rabies care, accounting for 93.98%
(n=15,665), followed by felines with 4.43% (n=739).

2.192
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1.884
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214

80+
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Source: the authors (2023).

Figure 2. Distribution of human anti-rabies care provided between 2007 and 2022 in the municipality of Ponta Grossa,

Parana, according to age group. n=16,668.
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Table 1. Distribution of post-exposure prophylaxis cases by type of exposure and animal species between 2007 and 2022.
Ponta Grossa, 2023. (n=16,668).

Type of exposure

Species Indirect n (%) Scratching n (%) Licking n (%) Bitingn (%) Combined** n (%) Ignored n (%) Total n (%)
Canine 91 (43.13) 677 (88.27) 46 (74.20) 14,396 (95.60) 409 (83.81) 46 (56.80) 15,665 (93.98)
Feline 04 (1.90) 84 (10.95) 04 (6.45) 574 (3.81) 73 (14.96) 0 (0) 739 (4.43)
Chiroptera 19 (9.00) 01(0.13) 0(0) 26(0.17) 02 (0.41) 08 (9.88) 56 (0.34)
Primate 01 (0.47) 0 (0) 0(0) 16 (0.11) 0(0) 0(0) 17 (0.10)
Domestic herbivore 93 (44.08) 0 (0) 12 (19.35) 16 (0.11) 0(0) 27 (33.32) 148 (0.89)
Other* 03 (1.42) 05 (0.65) 0(0) 31 (0.20) 04 (0.82) 0(0) 43 (0.26)
Total 211(1.26) 767 (4.60) 62 (0.37) 15,059 (90.35) 488 (2.93) 81 (0.49) 16,668 (100)

Caption: *Other includes wild boars, opossums, coatis, otters, squirrels and wild cats. It also includes cases of more than one species at the same time, such as coati/dog and cat/dog.

**Combined contact: more than one type of contact at the same time, such as scratching and licking, scratching and biting or licking and biting.
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800 ! . 1
600
400
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2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Canine 606 851 600 764 952 1.128 1.289 1.049 1.053 956 1.113 1.242 1.065 1.138 1.033 826
Feline 17 24 19 14 13 26 29 32 40 53 66 71 66 99 90 80
m Quiroptera 4 0 0 4 6 1 3 4 3 1 4 5 8 8 3 2
m Primate 4 0 1 0 0 1 0 1 o0 0 4 1 0 o0 3
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m Other 2 3 1 2 1 0 2 3 3 4 3 6 5 1 4 3

Source: The authors (2023).

Figure 3. Annual distribution of anti-rabies care services according to the aggressor species. Ponta Grossa, 2023. (n=16,668).

The prevalence of attacks caused by bats found in
this study was 0.34% (n=56) and the frequency of bite
cases involving bats was 0.17% (n=26).

Next, the most common cases were scratches
(n=767; 4.60%), most of which were caused by canine and
feline species, and combined exposures (n=488; 2.93%)
caused by canines, domestic herbivores and felines.
Contamination from indirect contact was (n=211; 1.26%).

Regarding the number of annual notifications (Figure
3), there was an average of 1,041 cases per year, and an
increase of 21% in the number of notifications when com-
paring the year 2011 (n=1,003) to the previous year (n=786).

Another year in which the number of care services
provided was significantly higher was 2018 (8.02%; n=1,337).

DISCUSSION

After performing the analysis, a predominance of
the search for care by men was observed. This profile is
corroborated by a study conducted in Brazil between
2014 and 2019 with data referring to notifications of
anti-rabies care, in which the sample was composed
mostly of men, probably due to their work activities, such
as postmen, delivery men, garbage collectors, meter
readers, among others, with greater exposure to animals
that can potentially transmit rabies.?0-1!

The presence of a higher prevalence of one ethnici-
ty over others can lead to debates such as the accuracy in
the completion of notification forms, since the race must
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be self-declared at the time of care and not inferred by
the professional, which can lead them to automatically fill
in a certain ethnic group, differing from other similar stu-
dies. Furthermore, according to the demographic census
performed by the IBGE in 2022, 78.56% of the population
of Ponta Grossa is of declared White, corroborating the
number found in the present study.’

Individuals under 19 years of age were treated mo-
re frequently, which may be related to behavioral aspects
of these age groups, such as playfulness and abrupt
attitudes that may trigger an aggressive reaction in the
animals involved.1°2

A descriptive study that used data from SINAN
to evaluate anti-rabies care between 2014 and 2019 in
Brazil highlighted similar findings: 81.9% of accidents
were caused by bites.’® Another study conducted in Belo
Horizonte through the analysis of notification forms for
human anti-rabies care from 2011 to 2012 also highli-
ghted a higher prevalence of contact through bites when
analyzing the canine species (n = 15,665; 93.0%).13

The high prevalence of care resulting from bites may
be due to the fact that this act is a defense mechanism
for most aggressor animals.® In addition, the population
and the healthcare community recognize that this type
of contact has a greater potential for contamination by
the rabies virus, which leads to greater demand for health
services and an increase in notifications.!013

On the other hand, it is essential to highlight the
importance of seeking health services in the most diverse
types of contact, including minor accidents or indirect
contact. Such search should be reinforced and intensi-
fied in cases of exposure to wild animals, considering the
need to evaluate post-exposure behavior and the high
lethality of human rabies.'

A study developed by Estima et al. (2022) in Brazil
indicated that 81.5% of accidents were caused by dogs,
while cats accounted for 15.2%.1° This finding is corrobo-
rated by the systematic review conducted by Mshelbwala
et al. (2021) with articles on rabies records between 1978
and 2020 in Nigeria, in which a large part of the attacks were
related to dog bites, ranging from 36.4% to 97% of cases.**

Despite the high prevalence of care linked to the ur-
ban cycle of rabies transmission (canines and felines), with
the adoption of strategies such as large-scale vaccination
of dogs and cats and expanded access to prophylaxis,
Brazil has undergone a transmission transition - where
the latest records of the disease were related to exposure
to wild animals, mainly bats - as observed in developed
countries. A descriptive investigation of the epidemiolo-
gical profile of human rabies in Brazil between 2000 and
2017 demonstrated that 45.9% of cases of the disease
involved the chiropteran species.1015-1

The lower number of notifications involving the
species in the present study may be due to the profile of
chiropterans in the region, where non-hematophagous
bats predominate, with a low frequency of bites, conside-
ring the behavior of frugivorous and insectivorous bats.'’
In any case, it is necessary to remain alert to exposure to
bats, as in 2017, the Central Laboratory (LACEN) of Parana

identified four insectivorous bats infected with the rabies
virus.!® Furthermore, bats have a good adaptive capacity
to the conditions of cities and environments of human in-
tervention, which favors contact with humans, domestic
animals and herbivores.?9%

It is also important to highlight that most cases
involving herbivores resulted from exposure to domestic
herbivores, such as cattle and horses. In a study that eva-
luated epidemiological data on rabies cases in different
species in Brazil between 2012 and 2017, Gongalves, So-
ares & Santos (2018) highlighted that Parana remains an
endemic area for rabies in wild animals and herbivores,
as does the municipality of Ponta Grossa.l”!® Regarding
serology, a descriptive observational study that used
records of rabies cases diagnosed in herbivores between
1977 and 2012 in the state of Parana identified a 28.1% po-
sitivity rate, with a higher occurrence in the central-eastern
mesoregion, where Ponta Grossa is located.?

At the same time, the prevalence of different types of
contact leads to reflections on the accuracy of the exposure
classification, as well as the quality of the anamnesis and
completion of the form. Furthermore, underreporting signi-
ficantly impacts the reporting of suspected and confirmed
cases and human anti-rabies care.’® Several factors, such
as work overload and ongoing and continuous health
education, impact both the quality of the completion of
notification forms and the search for health services and
possible failures in epidemiological surveillance, and the
control, prevention and diagnosis of zoonoses.?>%

Incomplete or erroneous completion of the form
were also noted in similar studies regarding the analysis of
care provided in the state of Sdo Paulo, with a high frequency
of incomplete fields and poor quality of completion.}2

The increase in the search for human anti-rabies
care may have been caused by the 13.5% increase in the
number of confirmed cases of human rabies between 2017
and 2018.22 This increase may also be related to the publi-
cation of information note No. 26-SEI/2017 by the Ministry
of Health regarding changes in the PEP regimen of human
rabies, promoting awareness among health professionals
about the importance of disease prevention measures.?

The progressive increase in the number of notifi-
cations involving felines as aggressors may be related to
the increase in the number of domesticated cats in the
country.?* A study conducted by Johann (2019) observed
that the verticalization of cities brings with it the need for
pets that adapt to environments with little space, causing
an increase in the feline population in Brazilian homes.?

In the sample analyzed, a large part of the popu-
lation that sought anti-rabies care was composed of
white men with low education, between the ages of 20
and 29 years old. Most notifications analyzed were of
dog bites, followed by those of cat bites. The number of
notifications analyzed follows the trend shown by similar
Brazilian studies, with 2013 and 2018 as the years with the
highest records of human anti-rabies care.

It is important to raise awareness among the popu-
lation to seek anti-rabies care in the event of any type of
contact with a potential transmitter of the rabies virus,
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and to assist in monitoring the animals involved in order
to notify the competent authorities for better decision-
-making regarding the prophylactic protocol.

It is also necessary to properly train health pro-

fessionals at the different levels of care responsible for
providing care and completing the notification form,
aiming at greater accuracy in epidemiological data and
the reduction of underreporting of exposure cases.
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ANNEX A

Mandatory notification form for human anti-rabies care.
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ABSTRACT

Background and Objectives: Vancomycin-resistant Enterococcus faecium (VREf) is an opportunistic pathogen
responsible for hospital infections, characterized by increasing prevalence and a lack of comprehensive epidemiolog-
ical studies. We aimed to assess the occurrence of VREf and vancomycin resistance genetic elements vanA and vanB
in strains isolated from clinical samples of patients treated at a tertiary hospital in Brazil. Methods: The isolates were
obtained from convenience sampling according to routine medical requests for nine months. Enterococcus faecium
strains were identified by routine biochemical tests, BD Phoenix® Automated Microbiology System and confirmed by
MALDI-TOF Mass Spectrometry. The antimicrobial sensitivity profile was determined by disk-diffusion method and
BD Phoenix® Automated Microbiology System. Vancomycin resistance was specially assessed and confirmed by the
conventional microdilution technique. Molecular detection of vanA and vanB resistance genes was investigated by
polymerase chain reaction (PCR) and confirmed by Sanger DNA sequencing. Results: A total of 8,376 cultures was
performed, of which 19 (0.22%) were identified as Enterococcus sp. and nine (47%) as vancomycin-resistant E. faecium.
The antimicrobial susceptibility testing analysis of E. faecium showed high resistance to antimicrobial agents. The
analysis to determine the genetic profile of E. faecium isolates by PCR showed that all of them carried the vanA gene
associated with vancomycin resistance. Conclusion: During the study period, there was low occurrence of Enterococ-
cus species observed. However, all VREf isolates carried the vanA gene associated with vancomycin resistance and
showed resistance to commonly used antimicrobial agents, highlighting concerns about the effectiveness of available
antimicrobial treatments for infections caused by these isolates.

Keywords: Enterococcus faecium. Epidemiological surveillance. Drug Resistance. Vancomycin Resistance.
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RESUMO

Justificativa e Objetivos: Enterococcus faecium resistente a vancomicina (VREf) é um patégeno oportunista
responsavel por infeccbes hospitalares, caracterizado por crescente prevaléncia e falta de estudos epidemiolégicos
abrangentes. O objetivo foi avaliar a ocorréncia de VREf e dos elementos genéticos de resisténcia a vancomicina vanA
e vanB em cepas isoladas de pacientes atendidos em um hospital terciario no Brasil. Métodos: Os isolados foram obti-
dos por amostragem de conveniéncia de acordo com as solicitagdes médicas de rotina durante nove meses. As cepas
foram identificadas por testes bioquimicos, Sistema de Microbiologia Automatizada BD Phoenix®, e confirmadas por
MALDI-TOF. O perfil de sensibilidade aos antimicrobianos foi determinado por difuséo em disco e pelo BD Phoenix®.
A resisténcia a vancomicina foi avaliada e confirmada pela técnica de microdiluicdo. A deteccdo molecular dos genes
de resisténcia vanA e vanB foi investigada por reacdo em cadeia da polimerase (PCR) e sequenciamento de DNA.
Resultados: Um total de 8.376 culturas foi realizado, sendo 19 (0.22%) identificadas como Enterococcus sp., e nove
(47%), como Enterococcus faecium resistente a vancomicina. A analise do teste de sensibilidade aos antimicrobianos
do E. faecium mostrou alta resisténcia aos antimicrobianos. A anélise para determinar o perfil genético dos isolados
de E. faecium por PCR mostrou que todos eles carregavam o gene vanA associado a resisténcia a vancomicina.
Concluséo: Durante o periodo de estudo, observou-se baixa ocorréncia de espécies de Enterococcus. No entanto,
todos os isolados de VREf apresentaram o gene vanA associado a resisténcia a vancomicina e mostraram resisténcia
aos antimicrobianos comumente utilizados, alertando sobre a eficacia dos tratamentos antimicrobianos disponiveis
para infec¢bes causadas por esses isolados.

Descritores: Enterococcus faecium. Vigildncia Epidemiolégica. Resisténcia a Medicamentos. Resisténcia a Vancomicina.

RESUMEN

Justificacion y Objetivos: Enterococcus faecium resistente a vancomicina (VREf) es un patégeno oportunista
responsable de infecciones hospitalarias, caracterizado por su creciente prevalencia y la falta de estudios epidemiolé-
gicos exhaustivos. El objetivo fue evaluar la ocurrencia de VREf y los elementos genéticos de resistencia a vancomicina
vanA 'y vanB en cepas aisladas de muestras clinicas de pacientes tratados en un hospital terciario en Brasil. Métodos:
Los aislamientos se obtuvieron mediante muestreo de conveniencia segun las solicitudes médicas de rutina durante
nueve meses. Las cepas fueron identificadas mediante pruebas bioquimicas, utilizando el BD Phoenix® y MALDI-TOF.
El perfil de sensibilidad a los antimicrobianos se determiné mediante difusiéon en disco y el BD Phoenix®. La resistencia
a vancomicina se evalué mediante microdilucién. La deteccién molecular de los genes de resistencia vanA 'y vanB se
investigd mediante reaccién en cadena de la polimerasa (PCR) y secuenciacion de ADN. Resultados: Se realizaron un
total de 8,376 cultivos, identificAndose 19 (0.22%) como Enterococcus sp., de las cuales 9 (47%) fueron VREf. El andlisis
de la sensibilidad a los antimicrobianos mostré una alta resistencia. El analisis para determinar el perfil genético
de los aislados de E. faecium mediante PCR mostrd que todos portaban el gen vanA asociado a la resistencia a la
vancomicina. Conclusién: Durante el periodo de estudio, se observé una baja incidencia de especies de Enterococcus.
Sin embargo, todos los aislamientos de VREf presentaron el gen vanA asociado con resistencia a la vancomicina y
mostraron resistencia a los antimicrobianos cominmente utilizados, lo cual alerta sobre la eficacia de los tratamientos
antimicrobianos disponibles para infecciones causadas por VREf.

Palabras Clave: Enterococcus faecium. Monitoreo Epidemiolégico. Farmacorresistencia Bacteriana. Resistencia a
la Vancomicina.

via plasmid and transposon transfer, is augmented by

INTRODUCTION T . . .
their intricate virulence mechanisms. These mechanisms

Enterococci, characterized as non-sporulated Gram-
-positive cocci, typically appear in short chains. They
are facultative anaerobes, lack catalase activity, and
exhibit dimensions spanning from 0.6 to 2.5 pm. These
microorganisms are comprehensive components of the
gastrointestinal microbiota in mammals and can also be
encountered in the genitourinary tract and on the skin.!
In the environment, E. faecium can be found in soil, water,
and food, and it has the ability to survive on inanimate
surfaces for long periods.!

Enterococci's remarkable capacity to swiftly acquire
virulence traits, either through mutational events or
by incorporating genetic material from other bacteria

encompass toxin secretion, stress response proteins,
transport systems, and specific gene regulators. Col-
lectively, these attributes enhance the microorganism's
efficacy in causing infections, establishing colonization
and persisting in both biotic and abiotic environments.
This adaptability confers a selective advantage that aids
in withstanding adverse conditions.!

The initial accounts of antimicrobial resistance
among Enterococci surfaced during the 1970s, primarily
involving isolates displaying high-level resistance to gen-
tamicin.? Subsequently, strains exhibiting resistance traits
associated with modifications of penicillin-binding pro-
teins (PBPs) were reported.r? In a pivotal development, in
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1986, the first instances of vancomycin-resistant strains
were documented, marking a significant shift towards the
prevalent isolation of Enterococci resistant to ampicillin,
aminoglycosides, and vancomycin in hospital-acquired
infections. 3 Notably, in Brazil, the inaugural case of
vancomycin-resistant Enterococci (VRE) was identified in
1996, specifically in Curitiba, Parana.?

Vancomycin (C66H75CI2N9024) is a tricyclic glyco-
peptide antibiotic developed in 1956 that inhibits pep-
tidoglycan biosynthesis, altering cytoplasmic membrane
permeability and RNA synthesis. Its mechanism of action
occurs through the binding to D-Alanyl-D-Alanine of
peptidoglycan pentapeptide, resulting in a destabilized
cell wall caused by interference of transpeptidation and
transglycosylation steps.>4®

Vancomycin resistance in E. faecium is associated with
nine resistance genes, classified according to its gene se-
quence and organization, as follows: i) D-Ala-D-lac, includ-
ing vanA, vanB, vanD and vanM genes; and ii) D-Ala-D-Ser,
including vanC, vank, vanG, vanlL and vanN genes.?>

Globally, the vanA and vanB genes hold paramount
clinical significance, distinguished by their varying levels
of resistance to vancomycin, transferability between
organisms, and capacity to trigger resistance in the pres-
ence of an antimicrobial agent. #>6

Vancomycin-resistant Enterococcus faecium (VREf)
is categorized as opportunistic pathogens and represents
a significant etiology of healthcare-associated infections
(HAI).! These infections predominantly originate from
patients’ indigenous microbiota or through direct or
indirect contact! Common clinical manifestations of
VREf infections encompass urinary tract infections (UTI),
wound infections, meningitis, infections associated with
catheters and other implanted medical devices, bactere-
mia, and endocarditis. These infections primarily afflict
hospitalized patients who are grappling with severe un-
derlying conditions, including cancer, hematological dis-
orders, chronic renal insufficiency, transplant recipients,

80,
00)

Convenience Bacterial
sampling isolation

Identification

and individuals with compromised immune systems.’

Given the escalating prevalence of VREf and the
notable dearth of comprehensive epidemiological inves-
tigations pertaining to this microorganism, the primary
aim of this study was to assess the frequency of VREf
and the presence of genetic components associated with
vancomycin resistance, specifically vanA and vanB genes,
within strains obtained from clinical specimens of patients
undergoing treatment at a tertiary healthcare facility in
Brazil. The objective was to assess the occurrence of VREf
and the presence of vanA and vanB genetic elements
associated with vancomycin resistance in strains isolated
from clinical samples of patients treated at a tertiary
hospital in Brazil.

METHODS

Bacterial isolates and species identification

This is a descriptive cross-sectional study developed
in a tertiary hospital from Recife-PE, Brazil. The isolates were
obtained from convenience sampling according to routine
medical requests sent to the Clinical Microbiology Laborato-
ry during nine months (December 2020 — August 2021) and
including samples from rectal swab (surveillance culture),
urine and soft tissue from patients treated in the vascular,
orthopedics and oncology clinics. For bacterial growth and
isolation, samples from different anatomopathological sites
were plated on Mieller-Hinton agar (Difco®), supplemented
with 0.5% (v/v) defibrinated sheep blood and on CHRO-
Magar™ (Becton, Dickinson and Company®). The plates
were incubated at 35 + 2° C for 18 to 24 hours, and the
cultures were visually inspected to assess bacterial growth
and identify the different morphologies of the colonies.
At least one colony with characteristic morphology for
Enterococcus sp. was selected for further identification by
BD Phoenix® Automated Microbiology System. Addition-
ally, the isolates identified were also submitted to species

A icrobial testing and
moleculardetection

Figure 1. Schematic overview of methodology steps. Schematic representation detailing the sequential steps and
procedures followed in the methodology, illustrating the key stages from sample collection to data analysis.
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confirmation by the Matrix-Assisted Laser Desorption
Ionization — Time of Flight (MALDI-TOF) mass spectrome-
try technique using the MALDI Biotyper system version 2.0
(Bruker Daltonics®). A summarized overview of the steps
conducted during the methodology can be observed in a
schematic diagram presented in Figure 1.

Antimicrobial susceptibility testing

The antimicrobial susceptibility test was performed
using the broth microdilution technique, according to
the Brazilian Committee on Antimicrobial Susceptibility
Testing (BrCAST, 2022) (http://brcast.org.br) and Clinical
Laboratory Standard Institute (CLSI, 2020) (http://www.
clsi.org/) standardization and recommendations. The re-
sistance profile to teicoplanin, gentamicin, streptomycin,
daptomycin, linezolid and ampicillin was assessed using
data extracted from the identification process by BD
Phoenix® Automated Microbiology System NMIC panel
(Biomerieux). The vancomycin resistance profile was
specially assessed by using 96-well microdilution plates
containing serial dilutions of vancomycin (0.5 pg/mL to
256 pg/mlL) in Cation-adjusted Mdueller Hinton II Broth
(Oxoid). As quality control, strains from the American
Type Culture Collection (ATCC®) of Enterococcus faecalis
ATCC® 29212 and Escherichia coli ATCC® 25922 were used.

Molecular detection of vancomycin-resistance asso-
ciated genes

Genomic DNA extraction was performed using
the DNeasy Blood & Tissue Kit (Qiagen), following the
manufacturer's recommendations, from an aliquot of
1,500 pL of culture grown in Luria-Bertani (LB) broth
(Himedia) at 35 + 2°C for 18 hours. For this, an aliquot
of each sample of interest was previously plated on BHI
agar (Himedia), which was incubated at 35 + 2 °C for 18
hours. The extracted genomic DNA was quantified in Na-
noDrop 2000c (Thermo Fisher Scientific Inc.) with verifi-
cation of the parameters used to estimate the extraction
(A260/280) purity and yield. DNA amplification reactions
were performed by polymerase chain reaction (PCR)
containing 50 ng of genomic DNA, 20 pmol of each vanA
(5'- CATGAATAGAATAAAAGTTGCAATA -3'; 5'- CCCCTT-
TAACGCTAATACGATCAA -3) or vanB (5'- GTGACAAAC-
CGGAGGCGAGGA -3’; 5'- CCOGCCATCCTCCTGCAAAAAA
-3') oligonucleotide pair, 200 mM of each dNTP, 50 mM of
Tris-HCI (pH 9.0), 50 mM of NaCl, 5 mM of MgClI2 and 1U
of Tag DNA polymerase (Promega). Amplification reac-
tions were thermocycling in GeneAmp PCR System 9700
(Applied Biosystems), and PCR amplicons were submitted
to 1% agarose gel electrophoresis (m/v), being visualized
and photographed under UV. The amplicons were puri-
fied by ExoSAP-IT PCR Product Cleanup kit (Affymetrix)
and sequenced by the Sanger method in 3,500 xL Genetic
Analyzer (Applied Biosystems). The chromatograms were
analyzed using Chromas Lite 2.1.1 (Technelysium), and the
contigs were assembled using BioEdit Sequence Alignment
Editor (Tom Hall) software. The assembled contigs were
compared with DNA sequences available in GenBank (ht-
tp://www.ncbi.nlm.nih.gov/genbank) by Basic Local Align-

ment Search Tool (BLAST) to confirm amplification reaction
specificity and gene identification (Figure 1).

Ethical approval

This study is part of the Program for Surveillance
and Study of Bacterial Resistance to Antimicrobial agents
(HC/UFPE), of the Department of Microbiology of IAM/
Fiocruz-PE and of the Hospital das Clinicas Hospital Infec-
tion Control Service (SCIH/HC/UFPE), for studying local
epidemiology of bacterial resistance among samples of
clinically important species. This study was appreciated
by the Research Ethics Committee of FIOCRUZ, with the
title "Microbiological Collection for the Implementation
of a Surveillance Program and Study of Bacterial Re-
sistance to Antimicrobial agents: Genetic Study of the
Determinants of Antimicrobial Resistance Among Bac-
terial Clinical Isolates”, and its execution was approved
by Certificate of Presentation for Ethical Consideration
(CAAE - Certificado de ApresentacdGo para ApreciacGo
Etica) 45080915.0.0000.5190/REC 1.190.837. This study
was conducted in accordance with the ethical stan-
dards required by Resolutions 466/2012, 510/2016 and
580/2018 of the Ministry of Health, Brazil.

RESULTS

During the study period, a total of 8,376 cultures
were conducted. Among the collected clinical samples,
19 were identified as Enterococcus species. Notably, with-
in this group, nine isolates, designated as Ef_01 to Ef_09,
displayed resistance to vancomycin, constituting 47% of the
Enterococcus isolates. These VREf strains were then chosen
for further comprehensive analysis, as detailed in Table 1.

Antimicrobial susceptibility testing analysis of E.
faecium showed high resistant to antimicrobial agents
commonly used in clinical practice and assessed in the
present study. According to BD Phoenix® Automated Mi-
crobiology System data, all isolates showed resistance to
teicoplanin, ampicillin and penicillin, exhibiting minimum
inhibitory concentration (MIC) values of > 16, 8 and 8
Mg/mL, respectively. None showed resistance to linezolid
and daptomycin (MIC < 1 and < 2 pg/mL for each antimi-
crobial, respectively). All isolates showed high resistance
to vancomycin and to high concentrations of gentamicin
(assessed by synergism test, 500 pg/mL). Only the Ef_04
isolate was not susceptible to streptomycin synergism test,
exhibiting MIC of > 1,000 pg/mL. Table 1 shows the MIC of
each antimicrobial agent tested on different isolates.

The genetic profiling of E. faecium isolates via PCR
analysis revealed that all of them harbored the vanco-
mycin resistance-associated vanA gene. Furthermore, in
silico analysis of the vanA gene and the predicted amino
acid sequence of the vanA protein, conducted on the
isolates from this study using Sanger DNA sequencing
data, demonstrated complete coverage and identity,
achieving 100% similarity with the d-alanine-d-lactate
subfamily vanA sequence (GenBank accession number:
WP_001079845.1). It is noteworthy that none of the iso-
lates exhibited PCR amplification for the vanB gene.
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Table 1. Minimum inhibitory concentrations (MIC) of each antimicrobial agent tested to different E. faecium isolates.

Strain VAN AMP PEN TEC LZD DAP GEN* STP*

1D (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (g/mL) (ng/mL) (ng/mL)
Ef_01 128 > 8 > 8 > 16 <1 <1 <500 <1000
Ef_02 128 > 8 > 8 > 16 <1 <1 <500 <1000
Ef_03 128 > 8 > 8 > 16 <1 <1 <500 <1000
Ef_04 > 256 > 8 > 8 > 16 <1 <1 <500 > 1000
Ef_05 > 256 > 8 > 8 > 16 <1 <1 <500 <1000
Ef_06 > 256 > 8 > 8 > 16 <1 <1 <500 <1000
Ef_07 > 256 > 8 > 8 > 16 <1 <1 <500 <1000
Ef 08 > 256 > 32 > 8 > 16 <1 <1 <500 <1000
Ef_09 > 256 > 32 > 8 > 16 <1 <2 <500 <1000

Caption: AMP — ampicillin; PEN — penicillin or benzylpenicillin; VAN — vancomycin; TEC — teicoplanin; LZD — linezolid; DAP — daptomycin; GEN — gentamicin; STP — streptomycin.
The antimicrobial agents were tested using the corresponding MIC cut-offs (ug/mL) for classification into susceptible (S) or resistant (R) range: ampicillin, S<4, R>8; penicillin, S<16,
R>16; vancomycin, S<4, R4, teicoplanin, S<2, R>2; linezolid, S<4, R>4, daptomycin, S<8, R=8. *For gentamicin and streptomycin, synergism tests were performed. For gentamicin,
the isolated were considered resistant when MIC was > 128ug/mL and, for streptomycin, when MIC was > 512ug/mL (EUCAST, 2020; BrCAST, 2021).

DISCUSSION

VRE is classified as one of the main pathogens cau-
sing HAIs in the United States.® This microorganism has
intrinsic resistance to several antimicrobial agents and
progressive resistance to ampicillin and aminoglycosides.
Vancomycin resistance, however, has been reported mo-
re recently by beta-lactamases enzymes, probably due to
indiscriminate use in antimicrobial therapy.®

In E. faecium, vancomycin resistance has changed
its clinical relevance worldwide, being among the main
causes of HAL® In Brazil, the isolation of these pathogens
is increasingly frequent, considering that many studies
have reported the rapid emergence of VRE.®

During the study period, 19 strains of E. faecium
were isolated, of which 47% (9) were resistant to van-
comycin. These results are similar to those found by a
multicenter study conducted in Europe.l® In Europe, the
occurrence rate of VREf in tertiary hospitals varies betwe-
en the different hospitals and countries.!12In 2021, resis-
tance percentages below 1% were observed in six (14%)
of the 44 countries reporting data on this microorganism.
Conversely, percentages equal to or exceeding 25% were
found in 17 (39%) countries. Alarmingly, vancomycin re-
sistance percentages equal to or above 50% were repor-
ted by five (11%) countries.!!Infections by VREf can result
in prolonged hospital stays and additional antimicrobial
therapy, comprising an important public health concern.
This allows colonization and infection of patients, favo-
ring HAI outbreaks, and promotes a significant increase
in hospital expenses.

The emergence of VRE has coincided with the in-
crease of the incidence of E. faecium in several countries,
which also presents a high level of resistance to penicillin
and aminoglycosides.’ It represents a major threat to
public health, since the combination of an aminoglyco-
side with a beta-lactam agent is a pharmacological syner-
gism strategy used to "bypass” some bacterial resistance
mechanisms, especially in the treatment of bacteremia
and severe endocarditis. Thus, considering this scenario,

it is also necessary to monitor aminoglycoside resistance.
All the VREf in this study showed susceptibility to high
levels of gentamicin (500 pg/mL). 1*13 These results are
similar to other studies developed in a tertiary hospital
in Brazil, whose sensitivity to gentamicin was observed in
the majority of the assessed isolates.}*1®

In the present study, all VRE isolates showed resis-
tance to ampicillin (MIC>08 ug/mL). Studies suggest that
point mutations in penicillin-binding protein 5 (PBP 5)
may change the bacteria’s affinity for beta-lactams, lead-
ing to resistance to this class of antimicrobial agents.’®

All the isolates were resistant to vancomycin and te-
icoplanin, having the vanA gene with identical sequenc-
es. Isolates with this resistance profile were previously
reported in multicenter studies that assessed more than
1,200 VREf isolates from 26 hospitals in southwestern
Brazil.’” In silico analysis performed in the same study
confirmed the presence of the vanA gene in all strains
assessed. Considering that most of the vanA genes are
associated with a Tn1546-type resistance transposon that
can be transported by plasmids, the presence of VREf iso-
lates in the hospital cannot be neglect, since vanA can be
transferred by conjugation between different species.’®
Multifactor studies developed in North America observed
that, in the first seven cases of vancomycin-resistant S.
aureus (VRSA) in the United States, the vanA gene was
transferred from Enterococci, in addition to identifying that
patients with VRSA were also infected with VRE.*®

In our study, all strains were sensitive to linezolid
and daptomycin, used as last-line antimicrobial agents
for the treatment of VREf infections. Linezolid and
daptomycin resistance to Enterococci is still uncommon,
although cases have already been reported. 22 Mul-
ticenter studies developed with VREf isolates from 66
different countries observed that those isolates with the
vanA genotype were sensitive to these two antimicrobial
agents (MIC < 2 pg/mL).

It is important to highlight that the present study
was developed during the COVID-19 pandemic, in a
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scenario where several hospitals had to adapt to re-
ceive a greater demand for medical and hospital care,
in particular the lack/unequal distribution of healthcare
professionals and medium/high complexity care infra-
structure as well as limited capacity to produce and carry
out diagnostic tests. Thus, all cases of VREf came from
patients relocated from other hospitals of the Brazilian
Health System (SUS - Sistema Unico de Sadde) due to re-
distribution of beds. Transfer of patients between health
units or even intra-hospital, associated with factors such
as overcrowding, shortage of Intensive Care Unit beds,
medical equipment and medicines, indiscriminate use of
antimicrobial agents in COVID-19 treatment and impro-
visation of Intensive Care Unit beds in wards, contributes
significantly to the worsening and dissemination of mul-
tidrug-resistant isolates in hospital settings.

It was observed that 50% of the isolates came from
a surveillance culture sample. This fact has already been
shown in Brazilian studies that VRE infection has a low
prevalence; however, high rates of isolation are reported
from intestinal colonization research by surveillance cul-
tures of rectal swabs. Almost 67% of patients with posi-
tive cultures for VREf were hospitalized in the same ward,
at different times, being exposed to the same healthcare
professionals and medical devices. Previous studies have
already highlighted the importance of healthcare set-
tings and professionals as agents of cross-contamination,
whether through transient or persistent colonization. In
this scenario, non-colonized patients who share rooms
or wards with patients colonized by VREf are exposed to
contamination and possible infections.

Studies indicates that the most common comor-
bidities among patients with VREf infections are asso-
ciated with solid tumors (27%), cardiovascular diseases
(31%), cerebrovascular diseases (12%) and joint diseases
(23%), increasing the risk of mortality by up to 73% and
hospitalization time by up to 124 days.?> Additionally,
non-observance of good hospital biosafety practices by
healthcare professionals, such as proper hand hygiene,
may represent a risk of contamination for outpatients
belonging to these clinics, since healthcare professionals
can be vectors for the dissemination of VREf in extra-hos-
pital settings.2 Thus, it is necessary to intensify the pre-
vention and control measures of this microorganism in
this health unit, such as contact precautions, decoloniza-
tion, active surveillance culture and cleaning of settings.

During the study period, a low occurrence of En-
terococcus species was observed.®® However, all VREf
isolates were found to harbor the vanA gene associated
with vancomycin resistance and exhibited resistance to
commonly used antimicrobial agents.

This study highlights the importance of epidemio-
logical surveillance in the healthcare institution to iden-
tify, monitor and control the spread of VREf in hospital
settings. The high incidence of VREf isolates carrying
vanA genes represents an important risk factor for the
emergence of hospital outbreaks, which may directly re-
flect the increase in mortality caused by Enterococci and
other microbial infections, since this genetic element of

vancomycin resistance can be easily transferred between
the different bacterial species.
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ABSTRACT

Background and Objectives: military police officers face stress related to increase in violence and devaluation
of their profession, which can lead to burnout and compromised quality of life. This study aimed to analyze the
association between burnout and quality of life in military police officers from two Brazilian corporations. Methods:
this was a cross-sectional study of 773 military police officers, 506 (65.5%) from battalions of the Country Police
Command - 5% Region in Sdo Paulo state and 267 (34.5%) from 3 Military Police Battalion in Parana state. Data
was collected between January and December 2018 using a questionnaire with sociodemographic and professional
variables: the Maslach Burnout Inventory (MBI), translated and adapted into Portuguese by Robayo-Tamayo; and the
abbreviated version of the World Health Organization Quality of Life (WHOQOL-Bref). Results: police officers from
Sao Paulo had significantly better levels of quality of life than police officers from Parana. There was a predominance
of a high level of depersonalization (21.3%) among police officers from Parana; a medium level of depersonalization
(33.9%) among police officers from Sado Paulo; a medium level of emotional exhaustion and a high level of personal
accomplishment in both police forces. Conclusion: police officers with low levels of depersonalization and emotional
exhaustion had a higher quality of life in the physical health, psychological health, social relationships, environmental
health and overall quality of life domains, and police officers with higher levels of personal accomplishment had
higher quality of life scores.

Keywords: Military Health. Burnout, Professional. Quality of Life. Occupational Health.
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RESUMO

Justificativa e Objetivos: os policiais militares enfrentam desgastes relacionados ao aumento da violéncia
e a desvalorizacdo da profissdo que podem levar ao esgotamento e comprometimento da qualidade de vida. Este
estudo teve como objetivo analisar a associacdo entre o burnout e a qualidade de vida em policiais militares de duas
corporacdes brasileiras. Métodos: estudo transversal, com 773 policiais militares, sendo 506 (65,5%) dos batalhdes
do Comando de Policiamento do Interior — 52 Regido do estado de S&o Paulo e 267 (34,5%) do 3° Batalhdo de Policia
Militar do Parana. Os dados foram coletados entre janeiro e dezembro de 2018, utilizando-se um questionario com
variaveis sociodemogréficas e profissionais: o Inventario de Burnout de Maslach (MBI), traduzido e adaptado para o
portugués por Robayo-Tamayo; e a versdo abreviada do World Health Organization Quality of Life (WHOQOL-Bref).
Resultados: os policiais paulistas apresentaram niveis de qualidade de vida significativamente melhores dos que
os policiais paranaenses. Houve predominio alto nivel de despersonalizacdo (21,3%) entre policiais paranaenses;
nivel médio de despersonalizacdo (33,9%) entre policiais paulistas; nivel médio de exaustdo emocional; e nivel alto
de realizagdo pessoal em ambas as corporacdes. Quanto maiores os niveis de despersonalizacdo e exaustdo emo-
cional dos policiais militares, menor a qualidade de vida. Por outro lado, quanto maior a realizagdo pessoal, maior
a qualidade de vida dos profissionais. Conclusao: policiais com niveis baixos de despersonalizacdo e de exaustéo
emocional apresentaram maior qualidade de vida nos dominios fisico, psicoldgico, relagdes sociais, meio ambiente e
na avaliacdo da qualidade de vida geral, e os policiais com niveis mais elevados de realizacdo pessoal tinham maiores
escores de qualidade de vida.

Descritores: Saude Militar. Esgotamento Profissional. Qualidade de Vida. Saude Ocupacional.

RESUMEN

Justificacion y Objetivos: los policias militares enfrentan estrés relacionado con el aumento de la violencia y la
devaluacién de la profesion, lo que puede provocar agotamiento y comprometer la calidad de vida. Este estudio tuvo
como objetivo analizar la asociacion entre burnout y calidad de vida en policias militares de dos cuerpos brasilefios.
Métodos: se tratd de un estudio transversal de 773 policias militares, 506 (65,5%) de los batallones del Comando de
Policia Interior - 52 Regidn en estado de Sdo Paulo y 267 (34,5%) del 3° Batallon de Policia Militar en estado de Parana.
Los datos se recogieron entre enero y diciembre de 2018, mediante cuestionario con variables sociodemograficas y
profesionales: el Inventario de Burnout de Maslach (MBI), traducido y adaptado al portugués por Robayo-Tamayo; y
la version abreviada del World Health Organization Quality of Life (WHOQOL-Bref). Resultados: los policias de Sao
Paulo tenian niveles de calidad de vida significativamente mejores que los policias de Parana. Predominé un alto
nivel de despersonalizacién (21,3%) entre los policias de Parang; nivel medio de despersonalizacion (33,9%) entre
los agentes de policia de Sdo Paulo; nivel medio de agotamiento emocional; y alto nivel de realizacidn personal en
ambas corporaciones. Conclusion: los policias con bajos niveles de despersonalizaciéon y agotamiento emocional
presentaron mayor calidad de vida en el ambito fisico, psicolégico, relaciones sociales, entorno y en la valoracion de
la calidad de vida general, y los policias con niveles mas altos de realizacion personal tenian puntuaciones mas altas
en calidad de vida.

Palabras Clave: Salud Militar. Agotamiento Profesional. Calidad de Vida. Salud Laboral.

reduced time for rest, smoking and lack of healthy lifes-

INTRODUCTION tyle habits are associated with lower levels of quality of

Military police officers perform important func-
tions, ensuring the safety and well-being of all citizens.
These professionals are responsible for inhibiting attacks
on social order, providing security and freedom so that all
citizens live in accordance with the principles of the law.!

Despite the important role played by these profes-
sionals, in many regions of Brazil, military police officers
experience a lack of professional recognition, low pay and
precarious working conditions which, associated with high
crime rates, insecurity and lack of technical preparation, ha-
ve a negative impact on the physical and emotional health,
causing exhaustion and compromising quality of life.?3

Studies have shown that soldiers and military police
officers have worse mental health and a lower quality of
life due to experiencing traumatic events. Furthermore,

life among police officers.?*>

According to the Brazilian Public Security Yearbook
2021, in 2019 and 2020, 418 deaths of military police
officers were recorded in Brazil due to intentional le-
thal violent crimes, 26% of which were due to suicide.®
However, police officers still avoid seeking professional
help due to fear of ostracization and stigmatization by
the military organization itself, circumstances that end up
making access to treatment difficult.”

Police work is one of the most frequent causes of
conflicts in the family environment, and police officers
are among the professionals with the highest divorce
rates, in addition to the highest propensity for develo-
ping Burnout Syndrome (BS).>*® BS is an occupational
phenomenon characterized by professional exhaustion,
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resulting from long exposure to stressors in the work
environment and is characterized by physical, mental
and emotional exhaustion. Considered an occupational
disease by the World Health Organization (WHO), this
syndrome is identified as an important cause of high
rates of sick leave, absence from work and devaluation of
military police officers by their superiors.®

In this context, military police officers’ health is
considered by the Brazilian National Health Promotion
Policy (Politica Nacional de Promog¢do da Satde) as a
priority factor to be worked on.?° Stress related to police
work, accompanied by a culture in which the display of
emotions is seen as a sign of weakness, can affect several
dimensions of work and life.! Thus, there is a need to
work on aspects related to these professionals’ quality of
life, as physical fatigue and compromised mental health
can lead them to adopt irrational attitudes during crises
and chaotic situations, which can lead to ineffective per-
formance of professional exercise.?12

In this context, we understand that knowing the as-
sociation between burnout and quality of life in military
police officers can contribute to reducing vulnerabilities
and risks of illness related to these professionals’ envi-
ronment and work process, in addition to supporting
the implementation of interventions that promote police
officers’ mental health and quality of life.

Considering the above, this study aimed to analyze
the association between burnout and quality of life in
military police officers from two Brazilian corporations.

METHODS

This is a quantitative, observational, cross-sectional,
descriptive and correlational study, carried out with mili-
tary police officers from two Brazilian Military Police Bat-
talions, such as Country Policing Command — 5" Region
of the state of Sdo Paulo (CPI-5/SP) and 3™ Military Police
Battalion of the state of Parana (3" BPM/PR).

The CPI-5/SP has a staff of 2,200 police officers and
covers an area of 96 municipalities, with approximately
1.4 million inhabitants. The 3 BPM/PR belongs to the
5t Regional Military Police Command of the State and
has a staff of 312 police officers, who serve a population
of approximately 260 thousand inhabitants. The choice of
these battalions occurred due to the existence of a previous
connection with the researchers (one of them a former mi-
litary police officer), who were aware of the labor difficulties
that permeate police activity in different regions of Brazil.

All military police officers belonging to the CPI-5/
SP and the 3 BPM/PR were considered eligible for the
study and, after being invited, consented to participate
in the study. Those who were on vacation or away from
professional activities, for any reason, during the data
collection period, were excluded. All military police offi-
cers were invited to participate in the study. The sample
was constituted by convenience and consisted of 506
police officers from the CPI-5/SP and 267 police officers
from the 3¢ BPM/PR.

Data were collected in 2018, using a questionnaire

prepared by the authors, containing sociodemographic
(age, sex, age group, marital status, education) and
professional (position, length of service and work shift
of professionals, practice of physical activity and whether
they have already responded to the Disciplinary or Justice
Council) variables of military police officers, the Maslach
Burnout Inventory (MBI), translated and adapted into
Portuguese by Robayo-Tamayo,®* and the abbreviated
version of the World Health Organization Quality of Life
(WHOQOL-Bref).1#

The MBI is a self-administered scale composed of
22 questions, which assess BS, based on feelings and
attitudes related to work. The scale has three dimensions:
emotional exhaustion (EE); depersonalization (DP); and
personal achievement (PA). Answers to the questions
are given on a five-point Likert scale, where: 1= never;
2 = rarely; 3 = sometimes; 4 = often; 5 = always. The
variation of the scale recommended by Robayo-Tamayo!?
was used, as it was considered easier to understand by
respondents.

The WHOQOL-Brefis areduced version of the WHO-
QOL-100 questionnaire, which has 26 questions, divided
into four domains, such as physical health, psychological
health, environmental health and social relationships. The
answers to each question are given on a Likert-type scale
of four types: intensity; capacity; frequency; and assess-
ment. The result is obtained by calculating the mean of the
values for each domain.* Quality of life scores are a positive
scale, i.e., the higher the score, the better the quality of life.®

Data collection occurred after authorization from
those responsible for each corporation. The researchers
contacted the Battalion commanders, explained the ob-
jectives of the study and handed over the instruments
to the military police officers. After filling out, the po-
lice officers delivered the instruments to the Battalion
administration in sealed envelopes to guarantee data
confidentiality. Each professional had a period of up to
30 days to respond to the research instruments.

Upon receiving the self-administered instruments,
no police officer formally refused to participate in the
study. However, only 773 returned the answered instru-
ments, 506 (65.5%) police officers from the CPI-5/SP and
267 (34.5%) police officers from the 3 BPM/PR.

The data obtained were entered and stored in a
Microsoft Excel® spreadsheet, in order to enable analysis
according to the proposed objectives. Statistical analysis
was performed using the Statistical Package for the So-
cial Sciences (SPSS) version 25.0.

For BS analysis, the mean of the scores obtained in
each dimension was calculated.!®* Professionals with high
scores in EE (2 27 points) and DP (> 13 points) dimensions
and low values in PA dimension (> 39 points) are consid-
ered to have BS.1

To assess quality of life, WHOQOL-Bref scores were
calculated according to the statistical model provided by
the WHOQOL Group, which establishes the calculation of
scores on a scale of 4 to 20 for each domain of the ques-
tionnaire. To facilitate comparison with other studies, the
scores obtained on a scale of 4 to 20 are transformed to a
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scale of 0 to 100 using the formula [(Average-4)x100/16].%

To assess the levels of DP, EE and PA according to
battalion, sex and age group of military police officers,
Pearson’s chi-square test was applied. To compare qua-
lity of life levels according to these sociodemographic
variables, t-test was used for two means and Analysis of
Variance (ANOVA) for three or more means.

The comparison of quality of life scores with the
levels of EE, DP and PA was performed using the ANOVA
test. Pearson’s correlation test was applied to verify the
degree of relationship between the WHOQOL-Bref do-
mains and the MBI domains. A confidence level of 5%
(p<0.05) was considered.

In compliance with current ethical aspects re-
garding research involving human beings (Resolution
466/2012 of the Brazilian National Health Council), the
study was approved by the Faculdade de Medicina de Séo
José do Rio Preto (FAMERP) Research Ethics Committee on
4 December 2017, under Certificate of Presentation for
Ethical Consideration (CAAE - Certificado de Apresentacdo
para Apreciacdo Etica) 47885715.8.0000.5415 and Opinion
2,412,594. Upon receiving the questionnaires, prior to data
collection, the police officers who agreed to participate in
the study, after providing the necessary clarifications about
the research, signed the Informed Consent Form.

RESULTS

A total of 773 military police officers participated
in the study, 506 (65.5%) belonging to the CPI-5/SP and
267 (34.5%) to the 3@ BPM/PR. Police officers’ mean age
was 34.5 years (standard deviation: +7.8 years), with a
predominance of professionals aged between 31 and 40
years (39.7%). There was also a higher frequency of male
police officers (87.2%), married (67.0%) and with high
school (56.2%) (Table 1).

In relation to BS assessment, it was observed that
44.83% of police officers had high levels of DP (> 13
points), 67.3% considered high levels of EE (> 27 points)
and 5.2% low levels of PA (> 39 points). No professional
presented BS, however, a high risk for developing the
syndrome was identified among professionals, given the
high prevalence of DP and EE.

In relation to burnout dimensions, there was a
predominance of professionals with a high level of DP
(21.3%) among military police officers from the 3¢ BPM/
PR and a predominance of professionals with a medium
level of DP (7 to 12 points) among military police officers
from the CPI-5/SP (33.9%), in addition to predominance
of police officers with a medium level of EE (17 to 26
points) in both corporations (3¢ BPM/PR: 15.5%; CPI-5/
SP: 35.2%) and predominance of police officers with a
high level of PA (< 31 points) in both corporations (3"
BPM/PR: 28.4%; CPI-5/SP: 39.1%). It was also observed a
predominance of police officers aged between 31 and
40 years old with medium levels (7 to 12 points) of DP
(22.0%) and EE (17 to 26 points) (21.1%) and high level (<
31 points) of PA (29.7%), and a predominance of police
officers with high school and a medium level of EE (17 to

Table 1. Sociodemographic profile of military police
officers (n=773).

Variable n (%)

Battalion 267 (34.5)
Parana 506 (65.5)
Séo Paulo

Age group 14 (1.8)
Up to 20 years 250 (32.3)
21 - 30 years 307 (39.7)
31 - 40 years 200 (25.9)
41 years or older 2(0.3)
Not reported

Sex 674 (87.2)
Male 98 (12.7)
Female 1(0.1)
Not reported

Marital status 518 (67.0)
Married 202 (26.1)
Single 44 (5.7)
Divorced/separated 7(0.9)
Widower 2(0.3)
Not reported

Education 7(0.9)
Elementary school 434 (56.2)
High school 324 (41.9)
Higher education 8 (1.0

Not reported

26 points) (28.2%) (Table 2).

Police officers assessed the general quality of
life positively (mean score 69.1). In relation to the
WHOQOL-Bref domains, the results showed that police
officers have a better level of social relationships (mean
score 72.9), showing satisfaction in relationships with
friends, family and spouses. On the other hand, the en-
vironmental health domain presented the lowest score
(61.0), indicating a loss of satisfaction among professio-
nals with aspects involving this domain, such as physical
safety and security, financial resources, health and social
care, opportunities for acquiring new information and
skills, participation in and opportunities for recreation
and leisure, in addition to the physical environment.

As shown in Table 3, military police officers from
the CPI-5/SP had significantly better quality of life levels
than police officers from the 3 BPM/PR in all WHOQOL-
-Bref domains (p<0.001); there was no statistically signifi-
cant difference between male and female police officers
(p>0.05); younger police officers had better quality of life
scores in social relationships (p=0.030), environmental
health (p=0.008) and general quality of life (p=0.023)
domains; and police officers with higher education had
a lower quality of life score in the social relationships do-
main (p=0.033) than police officers with less education.

When analyzing the association between the
quality of life domains and burnout domains (Table 4),
it was found that professionals with low levels of DP (< 6
points) and EE (< 16 points) presented significantly higher
scores quality of life in the physical health, psychological
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Table 2. Assessment of burnout dimensions according to battalion, gender and age group of military police officers.

Depersonalization Emotional exhaustion Personal achievement
Variables Low Medium High Low Medium High Low Medium High
Battalion (n=769) (n=770) (n=70)
Parana 6(0.8) 34(12.2) 167 (21.7) 39(5.1)  135(17.5) 93 (12.1) 2(0.3) 46 (6.0) 219 (28.4)
Sé&o Paulo 62 (8.1 261339 179 (23.3) 146 (19.0) 271 (35.2) 86 (11.2) 38(49) 164 (21.3) 301 (39.1)
p-value <0.001 <0.001 <0.001
Sex (n=768) (n=769) (n=769)
Male 61(79) 309 (40.2) 300 (39.1) 166 (21.6) 352 (45.8) 153 (19.9) 37 (4.8) 185(24.1) 449 (58.4)
Female 7(0.9) 46 (6.0) 45 (5.9) 19 (2.5) 53 (6.9) 26 (3.4) 3(0.4) 25 (3.3) 70 (9.1)
p-value 0.802 0.456 0.610
Age group (n=767) (n=768) (n=768)
Up to 20 years 2(0.3) 10 (1.3) 2(0.3) 6(0.8) 8 (1.0 - 1(0.1) 3(0.4) 10 (1.3)
21 - 30 years 27(3.5)  118(154) 105 (13.7) 81(10.5 119 (15.5) 50 (6.5) 18 (2.3) 64 (8.3) 168 (21.9)
31 - 40 years 12(1.6)  125(16.3) 169 (22.0) 50 (6.5 162 (21.1) 95 (12.4) 7(0.9) 72 (9.4) 228 (29.7)
41 years or older 26(34) 101(13.2) 70 (9.1) 47 (6.1) 117 (15.2) 33 (4.3) 14 (1.8) 70 (9.1) 113 (14.7)
p-value <0.001 <0.001 0.001
Education (n=761) (n=762) (n=762)
Elementary school - 4(0.5) 3(0.4) 1(0.1) 6(0.8) - - 4(0.5) 3(0.4)
High school 46 (6.0) 200 (26.3) 185 (24.3) 121 (15.0) 215(28.2) 96 (12.6) 28(3.7) 118 (15.5) 286 (37.5)
Higher education 21(2.8) 149 (19.6) 153 (20.1) 59 (7.7) 184 (24.1) 80 (10.5) 12 (1.6) 85 (11.2) 226 (29.7)
p-value 0.442 0.011 0.355

Table 3. Assessment of quality of life according to battalion, sex and age group of military police officers

Physical health Psychological Social relationships Environmental General quality

Variables domain health domain domain health domain of lite
Battalion

Parana 68.1 + 14.7 675 + 15.6 68.8 + 17.4 587 +13.1 65.8 +12.5

S30 Paulo 717 + 14.0 74.6 + 141 751+ 16.0 62.2 +135 709 +12.1
p-value 0.001 <0.001 <0.001 <0.001 <0.001
Sex

Male 70.7 + 145 725+ 152 731+168 60.9 + 136 69.3+ 126

Female 683 + 134 69.9 + 13.5 716 +16.2 614 +12.6 67.8 +11.3
p-value 0.099 0.085 0.386 0.760 0.219
Age group

Up to 20 years 740 £ 97 771+£99 80.4 + 20.3 65.0 + 16.6 741 +125

21 - 30 years 721+ 14.0 729 155 741 +16.8 62.1+13.7 703+ 126

31 - 40 years 69.5 + 14.4 709 + 14.8 71.0 + 16.8 59.0 + 13.7 67.6 + 12.4

41 years or older 705 + 14.8 72.8 +15.0 739+ 16.0 624 +12.2 69.7 + 12.2
p-value 0.119 0.193 0.030 0.008 0.023
Education

Elementary school 67.9 £ 8.0 69.0 + 17.7 720+ 70 621 +5.2 67.7 £74

High school 70.9 + 14.7 732+ 152 743 + 16.4 61.0 +13.7 69.9 +12.6

Higher education 69.9 + 14.0 707 + 14.6 711 +17.2 61.0 + 13.3 68.2 +12.3

0.539 0.070 0.033 0.978 0.171

p-value

health, social relationships, environmental health and
assessment of general quality of life. On the other hand,
significantly higher quality of life was observed among po-
lice officers who presented higher levels of PA (< 31 points).

As shown in Table 5, a weak, negative and signifi-
cant correlation was identified between the DP dimen-
sion and the physical health, psychological health, social
relationships and environmental health domains, and a
moderate, negative and significant correlation between

DP and general quality of life. EE showed a moderate,
negative and significant correlation with all quality of life
domains (physical health, psychological health, social
relationships and environmental health) and with gene-
ral quality of life. PA showed a positive and significant
correlation with all quality of life domains, with a weak
correlation with the physical health, social relationships
and environmental health domains and moderate with the
psychological health domain and general quality of life.
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Table 4. Association between quality of life and burnout domains in military police officers.

Quality of life

Physical health Psychological

Social relationships Environmental General quality

Burnout domain health domain domain health domain of life
Depersonalization

Low level 79.54 + 1415 81.48 +15.83 82.72 + 17.06 70.26 + 13.06 78.50 + 12.82

Moderate level 72.95 +12.43 75.45 + 11.82 75.45 + 14.43 64.02 +11.89 71.97 +10.23

High level 66.07 + 14.85 66.82 + 15.75 68.20 + 17.46 56 +13.20 64.27 + 12.54
p-value 0.02* 0.01* 0.01* 0.02* 0.02*
Emotional exhaustion

Low level 80.53 + 11.88 82.48 + 11.27 82.97 + 14.11 69.68 + 12.03 78.92 + 10.05

Moderate level 70.38 + 11.72 72.35 +12.09 72.14 + 14.45 60.06 + 11.79 68.87 + 9.84

High level 60.14 + 14.85 60.94 + 16.26 64.06 + 18.58 52.87 +13.18 59.50 + 12.41
p-value 0.01* 0.01* 0.01* 0.02* 0.02*
Personal achievement

Low level 67.36 + 13.91 68.53 + 14.42 69.34 + 16.46 57.88 + 12.77 65.78 + 11.78

Moderate level 75.57 + 12.58 78.61 +12.72 78.67 + 14.78 66.32 + 12.02 74.79 + 10.37

High level 83.57 + 14.17 84.90 + 14.46 88.12 + 13.19 73.36 +13.89 82.49 + 11.74
p-value 0.01* 0.01* 0.01* 0.01* 0.01*

Note: *One-Way ANOVA test.

Table 5. Correlation between quality of life and burnout domains in military police officers.

Quality of life

Physical health Psychological

Social relationships Environmental General quality

Burnout domain health domain domain health domain of life
Depersonalization -0.357 -0.395 -0.333 -0.390 -0.438
p-value <0.001* <0.001* <0.001* <0.001* <0.001*
Emotional exhaustion -0.562 -0.566 -0.422 -0.488 -0.605
p-value <0.001* <0.001* <0.001* <0.001* <0.001*
Personal achievement 0.367 0.425 0.327 0.359 0.440
<0.001* <0.001* <0.001* <0.001* <0.001*

p-value

Note: *Significant correlation at the 0.01 level; Pearson’s correlation test.

DISCUSSION

Military police officers assessed their general
quality of life positively, despite showing a slight loss of
satisfaction related to the environmental health domain,
which includes physical safety and security, financial
resources, health and social care, opportunities for ac-
quiring new information and skills, participation in and
opportunities for recreation and leisure. Although no po-
lice officer presented BS, the prevalence of professionals
with high DP (44.8%) and/or EE (67.3%) highlights the risk
of developing BS. Quality of life correlated inversely with
DP and EE and positively with PA.

These results support the literature, which indicates
good levels of satisfaction among military police officers
with their quality of life, although they present losses in
the environmental domain.8¥ However, it is essential to
carry out actions that promote awareness about mental
health among public security professionals, aiming to
facilitate the implementation of prevention and interven-
tion measures in mental health.'®

As it is an environment permeated by constant

pressure, due to the rigidity of the hierarchical culture,
precarious conditions, violence and risk of death, the work
of military police officers can alter their way of acting and
thinking, causing feelings of fear, escape and despair, in
addition to make it difficult to carry out daily activities
and harm the establishment of priorities, negatively im-
pacting the quality of life of these professionals.”*®

Fear is present daily in the activities of these profes-
sionals, who fear for themselves or their families, given
the high rate of victimization of police officers, both while
on duty and on their days off. Furthermore, high physical,
cognitive and psychological demands placed on police
officers during work activities may exceed their ability to
cope.?-22 In this context, professionals become susceptible
to the development of BS, as we saw in this study.

As burnout is a disease with a significant impact on
workers' health and performance, with the potential to
influence the activities of daily living and the quality of li-
fe of military police officers, it is important to implement
public policies that include actions capable of reducing
the negative impacts of occupational stress present in
police work, since interventions and actions aimed at
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promoting the quality of life and well-being of police
officers in military institutions are still incipient.”1823

In the environment of military corporations, it is
common for emotional reactions to be perceived as we-
akness and the expectation that people should not have
emotional reactions can generate internal conflicts wi-
thin police officers. In this context, public stigma (others’
perception of individuals) and/or low self-esteem (a
person’s perception of themselves) can trigger a feeling
of not belonging, which negatively affects police officers’
mental health.

Some fundamental aspects characterize BS, such as
emotional insensitivity, excessive tiredness, a feeling of
“emptiness” and loss of self-esteem?®. In the present stu-
dy, the number of police officers with high levels of DP or
EE draws attention to the need to implement preventive
actions and programs to reduce emotional, physical and
social damage caused by professionals’ work practice.

In this context, the results point to the emerging
need for strategies and interventions that seek to address
the problems experienced by military police officers and
the consequences for these professionals’ physical and
mental health, in addition to addressing the barriers that
impede the development of strategies and interventions
in military organizations.

The main limitation of this study is related to the
convenience sample, which poses a risk of obtaining
responses from professionals who are more encouraged
and have better quality of life and mental health condi-
tions. On the other hand, the results provide a diagnosis
of police officers’ perception of their quality of life, in
addition to identifying the high risk for the development
of BS in the study population. They thus contribute to
identifying the need for management strategies and
health care for these workers, which can improve police
officers’ working conditions and favor the improvement
of public safety in local society.

The study showed that police officers with low
levels of DP and EE had a higher quality of life in the
physical health, psychological health, social relationships,
environmental health and assessment of general quality
of life. Police officers with higher levels of PA had higher
quality of life scores. There was also a negative asso-
ciation between DP and EE with quality of life domains.
These results show that military police officers are sub-
ject to losses in quality of life as a result of compromised
mental health, reinforcing the importance of developing
strategies and interventions that promote the quality of
life of these workers, identify and prevent the factors that
cause exhaustion and that contribute to the development
of negative feelings, such as DP and EE.
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ABSTRACT

Background and Objectives: Antimicrobial resistance is a global threat to public health and is related to ex-
cessive and inappropriate use of antimicrobials. In Brazil, there are few studies on infection prevention and control
strategies and antimicrobial management in primary healthcare. In this study, we developed and validated a ques-
tionnaire to assess these strategies. The aim of this study was to develop and validate an evaluation tool designed to
investigate the strategies adopted by primary healthcare services to prevent and control infections and manage the
use of antimicrobials. Methods: Between February and April 2022, the study involved five Steps: literature review,
question development, expert validation, questionnaire finalization, and dissemination. The Content Validity Index
was calculated to assess the expert agreement. Results: The final questionnaire with 102 questions was refined based
on feedback from experts. The overall average CVI was 0.74, indicating good agreement between experts regarding
the representativeness of the items. These suggestions resulted in improvements in the vocabulary and structure
of the questionnaire. Conclusion: The questionnaire developed and validated is an accurate and reliable tool for
evaluating infection prevention and control strategies and antimicrobial stewardship in primary healthcare. Its use can
provide important data for improving health practices, with a view to reducing antimicrobial resistance and improving
the quality of services. This study highlights the importance of research in this area to promote the rational use of
antimicrobials and strengthen the health system in primary health care.

Keywords: Primary Health Care. Antimicrobial Stewardship. Infection Control. Surveys and Questionnaires. Vali-
dation Study.
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DEVELOPMENT AND VALIDATION OF A QUESTIONNAIRE ON THE USE OF ANTIMICROBIALS IN PRIMARY HEALTH CARE
Rochele M. Menezes, Paula Trevisan, Mara R. S. Gongalves, Magda M. M. Costa, Mariana P. Assis, Adalia P. Loureiro, Henrique Ziembowicz, Eliane C. Krummenauer, Jane R. P. Renner, Marcelo Carneiro.

RESUMO

Justificativa e Objetivos: A resisténcia antimicrobiana é uma ameaca global a satide publica, relacionada ao uso
excessivo e inadequado de antimicrobianos. No Brasil, had poucos estudos sobre estratégias de prevencao e controle
de infeccdes e gerenciamento de antimicrobianos na atencdo primaria a sadde. O objetivo deste estudo foi desenvol-
ver e validar uma ferramenta de avaliagdo destinada a investigar as estratégias adotadas pelos servicos de atencdo
primaria a salde para a prevencao e controle de infeccbes e o gerenciamento do uso de antimicrobianos. Métodos:
Realizado entre fevereiro e abril de 2022, o estudo envolveu cinco etapas: revisao da literatura, desenvolvimento das
questdes, validacdo por especialistas, finalizacdo do questionario e disseminacdo. O Indice de Validade de Contetido
foi calculado para avaliar a concordancia dos especialistas. Resultados: O questionario final, com 102 questdes, foi
refinado com base no feedback dos especialistas. O IVC médio geral foi de 0,74, indicando boa concordancia entre os
especialistas quanto a representatividade dos itens. As sugestdes resultaram em melhorias no vocabulario e estrutura
do questionario. Conclusdo: O questionario desenvolvido e validado é uma ferramenta precisa e confiavel para
avaliar estratégias de prevencdo e controle de infeccdes e gerenciamento de antimicrobianos na Atencdo Primaria
a Saude. Sua utilizacdo pode fornecer dados importantes para melhorar as préaticas de salde, visando a reducéo da
resisténcia antimicrobiana e a melhoria da qualidade dos servicos. Este estudo destaca a importancia de pesquisas
nesta area para promover o uso racional de antimicrobianos e fortalecer o sistema de saude.

Descritores: Atencdo Primdria a Saude. Gestdo de Antimicrobianos. Controle de Infec¢des. Inquéritos e Questio-
ndrios. Estudo de Validagdo.

RESUMEN

Justificacion y Objetivos: La resistencia antimicrobiana representa una amenaza global para la salud publica,
asociada al uso excesivo e inadecuado de antimicrobianos. En Brasil, hay pocos estudios sobre estrategias de preven-
cion y control de infecciones y gestion de antimicrobianos en la atencion primaria de salud. Este estudio desarroll6
y validé un cuestionario para evaluar dichas estrategias. El objetivo de este estudio fue desarrollar y validar una
herramienta de evaluacion destinada a investigar las estrategias adoptadas por los servicios de atencion primaria de
salud para la prevencién y control de infecciones, asi como para el manejo del uso de antimicrobianos. Métodos:
Realizado entre febrero y abril de 2022, el estudio comprendio cinco etapas: revision de literatura, desarrollo de pre-
guntas, validacién por expertos, finalizacion del cuestionario y difusion. Se calculé el indice de Validez de Contenido
para evaluar la concordancia de los expertos. Resultados: El cuestionario final, con 102 preguntas, se refind segin
la retroalimentacion de los expertos. El IVC medio general fue de 0,74, indicando una buena concordancia entre los
especialistas en cuanto a la representatividad de los elementos. Las sugerencias resultaron en mejoras en el vocabu-
lario y estructura del cuestionario. Conclusion: El cuestionario desarrollado y validado es una herramienta precisa y
confiable para evaluar estrategias de prevencién y control de infecciones y gestidon de antimicrobianos en la Atencién
Primaria de Salud. Su uso puede proporcionar datos importantes para mejorar las practicas de salud, con el objetivo
de reducir la resistencia antimicrobiana y mejorar la calidad de los servicios. Este estudio destaca la importancia de la
investigacion en esta area para promover el uso racional de antimicrobianos y fortalecer el sistema de salud.

Palabras Clave: Atencion Primaria de Salud. Programas de Optimizacion del Uso de los Antimicrobianos. Control
de Infecciones. Encuestas y Cuestionarios. Estudio de Validacion.

INTRODUCTION Control (IPC) strategies and AMA Management Measu-
res in the Brazilian context. This study seeks to fill this
gap by proposing the construction of a tool capable of
measuring AMA management actions and strategies in
PHC. The aim of this study was to develop and validate a
precise tool that evaluates the interactional triad betwe-
en IPC, AMA and PHC.

Antimicrobial resistance (AMR) is a global public
health threat that is intrinsically linked to the use of an-
timicrobial agents (AMAs). Estimates from 2019 indicate
that there were approximately 4.95 million deaths worldwi-
de associated with bacterial AMR, with 1.27 million of these
deaths directly attributable to this resistance! A recent
study reveals that approximately three-quarters of AMA
consumption occurs in the community, where Primary He-
alth Care (PHC) professionals play a key role in prescribing.?

Although Primary Health Care (PHC) is fundamental During the months of February to April 2022,
to reducing the use of AMA, allowing direct interaction this study was dedicated to designing and validating a
with users and their families, there is still a gap in kno- questionnaire for PHC professionals. The questionnaire
wledge about the impact of Infection Prevention and addressed IPC strategies and AMA management measu-

METHODS
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The initial step of the process consists of a review of existing literature on the
Step 1 Literature Review prevention and control of infections and the management of antimicrobials in primary
health care. This phase was fundamental to identify the two main topics, concepts
and relevant measures that inform the structure of the question.
These questions are developed based on the literature review and the specific
Development of objectives of the study. The questions are prepared in a clear, concise and relevant
Step 2 the questions manner for the context of primary health care, ensuring that they address important
aspects of infection prevention and control. This includes hygiene practices,
sterilization protocols, use of individual protective equipment, actions for the
management of antimicrobials, among others.
After the initial preparation of the questionnaire, it proceeds to its review by specialists
Validation by in the area of infection prevention and control. These specialists, including health
Step 3 specialist —— " professionals, or researchers with extensive experience, are invited to provide feedback
on the clarity, relevance and adequacy of the proposed quests. Necessary reviews will
be carried out based on no feedback received.
Completion of After complete validation, finalize the questionnaire, including clear instructions for
Stepd [ |the [ | respondents and ensure that the instrument is ready to be used in health studies or
[Questionnaire | practices.
Step 5 Disseminationand |——| The validated questionnaire is available for Primary Health Care Services
use | throughout the national territory.

Source: elaborated by the authors, 2024.

Figure 1. Steps for developing and validating the questionnaire.

res and was evaluated by experts who analyzed the re-
presentativeness of the content areas and the relevance
of the objectives.

In this study, questionnaires with consolidated
scales were used to collect data from health research,
providing valuable insights into clinical and prescriptive
AMA practice. This has contributed to improving strate-
gies for managing and controlling the use of these drugs.
The process of developing and validating the question-
naire consisted of five distinct Steps: Step 1 - Literature
Review; Step 2 - Question Development; Step 3 - Expert
Validation; Step 4 - Questionnaire Finalization; Step 5 -
Questionnaire Dissemination. The steps for developing
and validating the questionnaire are detailed in the flo-
wchart below.

Content validation is fundamental in the validation
of psychometric instruments, guaranteeing the accuracy
of the items in measuring the proposed construct, as well
as their relevance and representativeness for the target
population and specific context; thus, Pasquali highlights
methods and criteria for this validation, emphasizing the
participation of experts in assessing the clarity, relevance
and comprehensiveness of the items.?

Under this theoretical methodology, a convenience
method was adopted to select the experts, taking into
account criteria such as professional experience and
involvement with the State Coordination Offices and
the Ministry of Health. Initial communication took place
via an e-mail invitation letter, detailing the aspects of the
study. A total of 31 experts were contacted, and those who
did not respond within 7 days were excluded from the eva-
luation process. The experts who responded were directed
to take part in the validation via a virtual form. In this way,
15 experts actively contributed to the validation of the tool.

In order to make it easier for the experts to evaluate
the questions, spaces were included adjacent to each
item so that they could record their evaluations, as well
as specific areas for comments and suggestions, guaran-
teeing comprehensive feedback. The experts analyzed
the instruments in isolation and context, considering cri-
teria such as vocabulary and the instructional sequence
of the domains. They were responsible for determining
whether each domain was adequate, inadequate or re-
quired changes.

The Content Validity Index (CVI) was calculated
to assess the experts' agreement as to the representa-
tiveness of the items in relation to the content studied.
According to Coluci et al,4 this index is calculated using
the following formula:

CVI= N of experts who rated the item as adequate with changes or adequate
Total number of specialists

In this study, only the items considered adequate by
the experts were used to calculate the Content Validity
Index (CVI). To determine the overall average CVI of the
instrument, all the CVIs calculated individually were ad-
ded together and divided by the total number of items. A
minimum index of 0.75 was established as acceptable for
both the evaluation of each item and the overall evalua-
tion of the instrument.®

In accordance with the rules contained in Resolu-
tion No. 466/2012, this research project was submitted
to and approved by the Research Ethics Committee on
March 17, 2022, under Certificate of Presentation and
Ethical Appreciation No. 5.413.514. The favorable opinion
of the Research Ethics Committee was obtained under
CAAE: 57866222.3.1001.5343.
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RESULTS Table 1. Description of the domains and the main ques-

tions included in the questionnaire.

This study was conducted in five main methodolo-
gical Steps, each playing a crucial role in the construction
and validation of the tool for assessing the interaction
between IPC, AMA and PHC.%7

Step 1 - Literature Review: The review was con-
ducted by accessing the LILACS (Latin American and Ca-
ribbean Health Sciences Literature) and SciELO (Scientific
Electronic Library Online) databases. The health science
descriptors in Portuguese or the corresponding terms in
Spanish or English used in the search were: questionnai-
re; infection control; antimicrobial stewardship; primary
health care. It was found that there were no previous
studies that simultaneously addressed the topics of IPC
and AMA management in Brazilian PHC. The question-
naire was segmented and organized into "domains” (D),
i.e. sets of questions that addressed the same aspect.
The multiple-choice variables were structured as dicho-
tomous variables.

Step 2 - Developing the questions: given the di-
fficulty in finding literature on the topics, we decided to
use the texts of the National Program for the Prevention
and Control of Healthcare-Related Infections (PNPCIRAS
2021-2025) of the National Health Surveillance Agency
(ANVISA) and the National Action Plan for the Control of
Antimicrobial Resistance in the Single Health Sector 2018
(PAN-BR) as guidelines.

Thus, the first two domains of the “D" questionnaire
were designed to cover the following domains, respec-
tively: D1) Health service profile and D2) Clinical and
epidemiological profile of the health service.

For the preparation of the questions related to pre-
cautionary measures contained in domain D3): Actions
related to the prevention and control of infections, we
used as a reference the study “The role of Primary Care
in the prevention of Healthcare-Related Infections” car-
ried out by Maria Clara Padoveze and Rosely Moralez de
Figueiredo.® In the same domain, but in the subdomain
entitled biosafety and waste management, the questions
were based on RDC No. 222 of February 28, 2018, which
provides for Technical Regulations for the management
of health service waste.

With regard to domain D4) Actions for managing
the use of AMA; D5) Health education on IPC measures;
D6) Health education focusing on managing the use of
AMA, the following were used as a basis, respectively: the
National Guideline for Preparing a Program for Managing
the Use of Antimicrobials in Health Services, published by
Anvisa (2017)°, o (PAN-BR)® and the Centers for Disease
Control and Prevention's Checklist of Basic Elements for
Antibiotic Use in Outpatient Settings (CDC, 2016).1° (Table 1)

Step 3 - Validation of Experts: there was a predo-
minance of females (86.6%), and the majority lived in the
Midwest region (60%), followed by the Southeast region
(20%). Around 53.3% had a degree in nursing, while
26.6% were pharmacists. All the experts were linked to
public bodies related to Primary Health Care and Health
Surveillance at state level. Representatives from the Ge-
neral Coordination for Guaranteeing Primary Care Attri-

Domain / Questions

D1) Health service profile
- Average number of visits per month; main visits; and number of health
professionals involved.

- Existence of computers; computerized system; and network access.

D2) Clinical and epidemiological profile of the health service
- Main age groups of patients seen.

- Main pathologies.

D3) Actions related to IPC measures
- General PCI measures; hand hygiene; precautionary measures; biosafety
and waste management; cleaning, disinfection and sterilization of articles

(instruments).

D4) Actions to manage AMA use

- Existence of dispensing of AMA without prescription.

- There is pressure from patients to prescribe AMA.

- Existence of control and dispensing of AMA by the responsible
professional

- Existence of a formal document/protocol for the diagnosis and treatment
of the main infections.

- Existence of a policy/protocol obliging prescribers to record: dose,
duration and indication of treatment.

- Existence of training to adopt the measures provided for in these
protocols.

- Existence of a standardized list of these medicines in accordance with the
National List of Medicines (RENAME), State (REM) or Municipal (REMUME).
- Existence of AMA prescriptions guided by laboratory tests, including
antibiograms, with an interface with a clinical/microbiological analysis
laboratory.

D5) Health education on infection prevention and control
measures

- The health service provides ongoing education on IPC measures

For what reasons does the health service have no ongoing education on
IPC measures?

- Permanent education actions include periodic training on IPC measures
for all professionals.

- What topics are covered in the training so that professionals are able to
implement IPC measures.

- The health service promotes actions aimed at patients, which include
the distribution of printed material, such as pamphlets and booklets,

containing guidance on the importance of IPC measures

D6) Health education with a focus on ATM use management

- Carrying out continuing education actions for its professionals to
improve awareness of the use of AMA: frequency and topics covered
in training.

- Training topics that healthcare professionals need to know and
master in order to implement antimicrobial stewardship measures.

- Patient guidance on AMA use: the way in which AMA guidance

is passed on to patients, including strategies to improve patient
understanding.

- Distribution of printed material (pamphlets, booklets, etc.)

containing guidance on the correct and rational use of AMA.

Source: Elaborated by the authors, 2024.
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butes (CGGAP), the Family Health Department (DESF), the
Primary Health Care Secretariat (SAPS) and the Ministry
of Health (MS), as well as members of ANVISA's Health
Services Surveillance and Monitoring Management
(GVIMS), participated as experts at the federal level. We
present the particularities recommended by experts for
each domain addressed in the questionnaire (Table 2).

The experts proposed changesto the questionnaire's
vocabulary, totaling a significant 91 suggestions. These
suggestions reflect the importance of using precise and
appropriate language to ensure the clarity and effective-
ness of the questionnaire. By making changes to the voca-
bulary, the experts may have sought to make the questions
more comprehensible to the target audience by eliminating

Table 2. Special features suggested by the experts according to each domain of the questionnaire.

Domain

Special features suggested for amendment

D1) Health service profile - No suggested changes.
D2) Clinical and Epidemiological
profile

D3) Actions related to PCI measures Improved question

formulation

- Exclude subjective questions.

- Objectivity / Simplification.

- Remove personal opinions.

- Add to the alternatives if there are

records.
- Change the terms of the

questions.

- Change the order of the questions.

D4) Actions to manage AMA use

management of healthcare waste
- Clarify whether the questions are

aimed at HAIs or infections found in

establishments.

- Change the term AMA dispen-

sation to supply or delivery of

medicines.

D5) Health education on IPC
measures -
D6) Health education with a focus No suggested changes.

on AMA use management

Adjustments and clarifications
- Adjust RDC No. 222/2018, which

provides for good practices in the

- Ask questions about the main services provided at the healthcare facility.

Inclusion of specific Organizing and refining

information and questions questions
- Specify whether sanitizing - Insert question about the
products are related to the availability of alcohol gel for teams.
sterilization process. - Insert question about protocols
- Add information on disinfection, related to infection prevention and
including types and products used.  control measures.
- Include details on chemical and - Insert question about the
physical sterilization methods. frequency of hand hygiene training.
- Insert questions about tests used - Insert question about the
as sterilization indicators. frequency of hand hygiene training.
- Insert utensils used in the - Insert question about written
cleaning and disinfection records of periodic procedures.
process.

- Cover more details about the
sterilization process, including
equipment and packaging.

- Include other sanitizing products
in the cleaning and disinfection
process.

- Include other cleaning and
sanitizing products.

- Include details on the

process of hand hygiene by
workers.

Adding Information Other changes
- Include the State Medicines List. - Exclusion of Subjective
- Add other professions that Questions.
prescribe antimicrobials in PHC. - Insert a third option that considers
- Add questions about the clarifying and guiding the patient
regularity of AMA supplies. and then prescribing because we
think it may reflect the reality of
some services, in the question
about health professionals in the
health service being pressured by

patients to prescribe AMA.

- Changing the wording of questions.

Source: Elaborated by the authors, 2024.
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excessively complex or ambiguous technical terms.

All the items in domains 1, 2, 5 and 6 had a CVI of
over 0.75. However, in domains 3 and 4, the CVI was lo-
wer than the reference value (0.75), and the main changes
made, based on the suggestions of the expert-evaluators,
were terminological adjustments, spelling corrections
and text detailing. The overall average CVI was 0.74 with
standard deviation (SD + 0.29) (Table 3).

Step 4 - Finalizing the Questionnaire: a compa-
rison was made between the initial and final versions of
the document. They observed a significant reduction in
the number of questions, from a total of 135 in the first
version to 102 in the final version. (Table 4)

The average time taken to complete a questio-
nnaire is a crucial aspect to consider in its design and
application. This metric not only affects the respondent's
experience, but also influences the quality and integrity
of the answers. Authors state that the questionnaire is

a valuable tool for collecting data in research, due to its
time savings, practicality, accuracy in obtaining answers,
standardization, uniformity and greater openness on the
part of the participants.!! In this context, it is essential to
understand the estimated time needed to complete the
questionnaire, thus guaranteeing the active participation
of the respondents and the accuracy of the data collected.
In the current survey, the average time taken to complete
the questionnaire was approximately 20 minutes.

Step 5 - Dissemination of the questionnaire:
this took place by sending a link and a letter containing
instructions on how to fill it out to the emails of the State
Health Secretariats, State Health Surveillance Centers and
Health Coordinating Offices. The questionnaire is now
called: "National evaluation of strategies for infection
control and management of antimicrobial use in Primary
Health Care”, which can be accessed in full through sup-
plementary data.

Table 3. Experts' assessment of the questionnaire's related items in different regions of Primary Care in Brazil.

Assessment

Suitable items with Suitable items CVI CVI
Domain changes n (%) n (%) mean
D1) Health service profile 0 (0.0) 15 (100) 1
D2) Clinical and epidemiological profile 1(6.7) 14(93.3) 0.93
D3) Actions related to infection prevention and control measures 11(73.3) 4(27.0) 0.27 0.74
D4) Actions to manage AMA use 9 (60) 6 (40) 0.40
D5) Health education on infection prevention and control measures 16.7) 14 (93.3) 0.93

1(6.7) 14 (93.3) 0.93

D6) Health education focusing on the management of AMA use

Source: Elaborated by the authors, 2024.

Table 4. Comparison of the questionnaire between the pre and post expert validation Step.

Pre-Validation Step
No. of Questions

Domain

Post-Validation Step

Overall opinion
No. of Questions

D1) Health service profile

D2) Clinical and epidemiological profile

D3) Actions related to infection prevention and control measures
D4) Actions to manage AMA use

D5) Health education on infection prevention and control measures

D6) Health education focusing on the management of AMA use

8 5 Exclusion of 3 questions
5 3 Exclusion of 2 questions
77 57

28 20 Exclusion of 20 questions
8 8 Exclusion of 8 questions
9 9 Maintained

Source: Elaborated by the authors, 2024.

DISCUSSION

According to experts, improving the wording of
questions is essential for the quality and effectiveness of
questionnaires. Removing subjective questions and en-
suring objectivity eliminates personal opinions, making
the questionnaire more reliable and impartial. In addition,
simplifying questions makes them easier to understand
and increases the accuracy of responses. Changing terms

avoids ambiguities and improves interpretation, while
rearranging the order of questions positively influences
participants’ perception and response, organizing the
questionnaire in a logical and fluid manner.

This emphasis on adjustments is essential, as
well-designed questionnaires are an effective resear-
ch technique, consisting of a specific set of questions
presented in writing to a group of individuals, with the
aim of obtaining information about their opinions. This
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approach offers several advantages, including the ability
to reach a large number of participants, even in geogra-
phically distant areas, the flexibility to answer questions
at their convenience, and minimizing the influence of the
interviewer on the respondents’ responses.

However, questionnaires can produce unexpected
results due to the different interpretations that respon-
dents may have of the items. Furthermore, excessive
questionnaire length may result in a low response rate.!?
Given the vast territory of Brazil, the use of online ques-
tionnaires makes it possible to reach a wide variety of
health professionals in different locations throughout
the country. This ensures a more comprehensive and
representative sample, while eliminating the need for
printing, physical distribution and manual collection of
questionnaires, resulting in a significant reduction in the
costs associated with the survey.’

An online questionnaire offers the convenience
of being accessed and answered at any time and place,
providing greater flexibility and facilitating participation.
For this reason, the development and validation of this
online questionnaire was carefully planned and executed
based on the latest evidence and demands on aspects
related to infection prevention and control, with a view
to meeting the need for actions aimed at the rational use
of AMAs and the reduction of antimicrobial resistance
in PHC. Health professionals working in Primary Health
Care often deal with intense workloads. In this sense,
it is essential that the tools available are resolutive, of
high quality and capable of giving healthcare providers
greater autonomy. This would make it easier for these
professionals to access innovations.*

The items in a questionnaire should be designed to
assess the desired results, and their psychometric pro-
perties should be evaluated for construct validity, inter-
nal consistency, reliability and other relevant aspects. The
internal consistency of the instrument's items indicates
how well they relate to each other and similarly represent
the construct that the instrument aims to measure. On
the other hand, reliability is measured by the squared
correlation between the true score and the observed
score, reflecting the stability and precision of the mea-
sures obtained.’

The antibiotic stewardship program assessment
tool consists of the Core Elements of Hospital Antibiotic
Stewardship Programs. It offers examples of the imple-
mentation of these elements, aimed at optimizing anti-
biotic prescribing, and can be applied according to the
need or feasibility of each healthcare institution. Periodic
use of the assessment tool provides data that is collected
instantly and can be compiled and analyzed quickly and
efficiently, making it possible to document the infrastruc-
ture and activities of the ongoing program and helping to
identify areas for improvement. It is suggested to include
specific details, such as points of contact or particular
guidelines with dates, in the "comments” column, in or-
der to provide useful references for the team responsible
for antibiotic stewardship.t®

Content validity is essential to ensure that the ele-

ments of the measuring instrument adequately represent
the concept to be assessed. Therefore, when construc-
ting a questionnaire, it is essential to address all relevant
aspects of the phenomenon in question. The authors
suggest guidelines for content validation, such as defi-
ning the scope of the questionnaire, involving experts in
generating, evaluating and correcting the content, and
using additional analyses to improve the instrument.”

It is commonly stated that ensuring the quality of
health services on a global level requires a uniformly
high approach, maintaining consistent standards. The
first step to achieving this uniformity is to understand the
contextual and cultural determinants specific to different
countries and, from there, develop strategies to deal with
these nuances. Decision-making in health is an intricate
process, deeply influenced by context, which encompas-
ses multiple participants and actions. This complexity is
especially visible in decision-making related to antibiotic
use, where different priorities and contextual factors
influence clinical behavior.’®

Content validity is the extent to which the content
of an assessment instrument adequately reflects the
construct being measured. As there is no specific statisti-
cal test to assess content validity, a qualitative approach
is generally used, involving evaluation by a committee
of experts. Subsequently, a quantitative approach can be
carried out using the CVI.? In this study, validation with a
group of experts was essential, generating valuable com-
ments that guided the revision of the questionnaires, this
Step served to improve the questions, ensuring greater
understanding.

In relation to the CVI, the score found ranged from
0.23 to 1.00, while the overall average was 0.74 (SD +
0.29), in another study® the score given by the experts ran-
ged from 0.777 to 1.00, with a mean of 0.902 (SD + 0.076).

Thus, this study resulted in the creation of an ac-
curate tool for assessing the interaction between IPC,
AMA and PHC, with the aim of continuously improving
the quality of health services, suggesting that the instru-
ments assessed in this study showed a more consistent
and stronger correspondence with the construct being
measured, compared to the overall average found.

The changes implemented were a result of the fe-
edback received, especially in relation to questions that
proved difficult to interpret. Improving the wording of
questions is essential for the quality and effectiveness of
questionnaires. Excluding subjective questions and ensu-
ring objectivity eliminates personal opinions, making the
questionnaire more reliable and impartial. Simplifying
questions makes them easier to understand, increasing
the accuracy of responses. Changing terms avoids ambi-
guity and improves interpretation, while rearranging the
order of questions positively influences the participants'
perception and response, organizing the questionnaire in
a logical and fluid manner.

These improvements suggested by the evaluators
demonstrate a deep understanding of the importance of
precise and objective questions. Ensuring clarity in the
language used and a logical sequence in the questions
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promotes a better experience for respondents and incre-
ases the validity of the results obtained. In short, these
strategies reflect a commitment to excellence in questio-
nnaire design, aiming to maximize efficiency and validity
in data collection.

The comparison between the questionnaire in the
pre- and post-validation Steps of the experts shows that
the reduction in questions can be attributed to factors su-
ch as the elimination of redundant or irrelevant questions
for the research objectives. This analysis simplifies the
questionnaire, making it easier to answer and reducing
the time required to complete it. In addition, the experts
may have identified questions that are not aligned with
the research focus or that do not contribute significantly
to the desired data collection.

Therefore, these questions were removed to ensure
that the questionnaire remained concise and targeted.
In summary, the reduction from 135 to 102 questions in
the final version of the questionnaire indicates a process
of refinement and optimization, aimed at improving the
effectiveness and usability of the research instrument.
Adapting the vocabulary was essential to ensure that the
questionnaire was suitable for different demographic
groups, taking into account linguistic and contextual
variations. Overall, the revision of the questionnaire vo-
cabulary reflects the experts' commitment to improving
the quality of the research, which allowed for greater
understanding by the participants.

Although the results of this study are promising,
it is important to consider some limitations, such as:
variable interpretation of the questions by participants
may result in inconsistent responses, affecting the relia-
bility of the data collected. The lack of direct comparison
between the questionnaires used in these two key areas
of public health may undermine the external validity
and generalizability of the results. Without a reference
point to compare the effectiveness and accuracy of the
domain-specific questionnaires, it is difficult to determi-
ne whether the instruments are adequately capturing the
nuances and complexities of infection prevention and
control practices, as well as AMA management. Due to
time constraints, it was not feasible to conduct a second
round of evaluation with the experts, and it is suggested
that future studies consider two-Step validation to ensu-
re a more complete and robust evaluation. Conducting
research on AMA management and infection prevention
in primary health care in Brazil is crucial to promote
the rational use of AMA, prevent adverse events, and
improve the quality of health care provided to patients.
These studies also contribute to optimizing health re-
sources, strengthening epidemiological surveillance, and
reducing the burden of infectious diseases, in addition
to strengthening the Brazilian health system and contri-
buting to global public health.%

A limitation of this study is the possible variability in
the responses of PHC professionals due to regional and
contextual differences in clinical practice and health po-
licies. In addition, self-assessment may introduce biases,
such as social desirability, where respondents may provi-

de answers that they consider more acceptable than true.

This study contributes significantly to clinical practi-
ce by offering a validated tool that can be used to assess
and improve IPC strategies and AMA management in
PHC. The tool will allow more accurate monitoring of
antimicrobial use, facilitating targeted interventions to
reduce AMR. Furthermore, the application of the tool can
promote greater awareness among health professionals
about best practices in AMA use, encouraging a more
rational and evidence-based approach.

The validation presented in this work showed that
the developed questionnaires can be used as accurate
and reliable tools to measure the implementation of
AMA management programs at the national level, and
can be replicated safely and reliably. The main objective
was to build a robust and reliable instrument capable of
providing relevant data to improve practices in this speci-
fic context, aiming at the continuous improvement of the
quality of health services.
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