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RESUMO

O surgimento de bacilos gram-negativos resistentes aos aminoglicosideos, fluorogquinolonas e
B-lactdmicos tornou as polimixinas a Gltima opcéao para o tratamento de infeccdo por bactérias
multirresistentes. Com isso, altas taxas de mortalidade envolvendo bacilos gram-negativos
resistentes as polimixinas sdo de grande preocupagdo para condutas terapéuticas e
desafiadoras para a rotina dos laboratérios clinicos, devido a falta de acurécia dos testes de
sensibilidade de mais facil realizacdo, como disco-difuséo e fita de gradiente de concentracéo
e a dificuldade na execucdo do método referéncia (microdiluicdo em caldo) conforme 1SO
20776-1. A proposta deste trabalho foi avaliar modificagdes em protocolos de dois métodos
colorimétricos para triagem de resisténcia as polimixinas em isolados clinicos de
Enterobacterales e comparar com o método referéncia. Os métodos avaliados foram os testes
rapidos Andrade Screening Antimicrobial Test e Polimixina NP (Nordmann-Poirel). As
modificagdes foram realizadas no protocolo de preparo, na composi¢do da solugdo aquosa e
na incorporacdo dos antimicrobianos. Os testes foram denominados como Andrade Screening
Antimicrobial Test Modificado (ASAT-M) e POLI-NP-MOD, nos quais foram testados
polimixinas B e colistina. Ao total, 149 isolados bacterianos foram testados. O coeficiente
Kappa mostrou uma concordancia categérica de 0,77 para o teste rapido ASAT-M com
colistina e 0,80 com polimixina B. J& o teste rapido POLI-NP-MOD mostrou uma
concordancia categdrica de 0,89 tanto para polimixina B quanto para colistina. ASAT-M com
colistina e com polimixina B demonstraram very major error (VME) elevados de 25% e
19,23%, respectivamente. Para POLI-NP-MOD os resultados de VME foram de 13% para
polimixina B e colistina. ASAT-M apresentou major error (ME) de 2,06% e 3,09% para
colistina e polimixina B, respectivamente, enquanto POLI-NP-MOD n&o apresentou ME.
Embora os testes tenham apresentado valores de VME inadequados, se mostraram de preparo
facil e barato, além de fornecerem resposta em poucas horas, reduzindo o tempo necessario
para detectar isolados resistentes as polimixinas de 20 horas para 4 horas. Esses resultados
sugerem uma aplicabilidade util e viavel dos testes colorimétricos ASAT-M e POLI-NP-
MOD para triagem de resisténcia as polimixinas na rotina clinica laboratorial, sendo
necessario a confirmacdo com o método referéncia em isolados considerados sensiveis na
triagem com estes testes rapidos.

Palavras-chave: Método colorimétrico. Método de eluigcdo. Enterobacterales. Microdiluicdo
em caldo.



ABSTRACT

The emergence of gram-negative bacilli resistant to aminoglycosides, fluoroquinolones, and
B-lactams made polymyxins the last option for the treatment of infections caused by
multidrug-resistant bacteria. Thus, high mortality rates involving polymyxin-resistant gram-
negative bacilli are of great concern for therapeutic approaches and are challenging for the
routine of clinical laboratories, due to the lack of accuracy of the sensitivity tests that are
easier to perform, such as disk diffusion and concentration gradient tape and the difficulty in
performing the reference method (broth microdilution) according to ISO 20776-1. The
purpose of this work was to evaluate modifications in protocols of two colorimetric methods
for screening for resistance to polymyxins in clinical isolates of Enterobacterales, compared
with the reference method. The methods evaluated were the rapid tests Andrade Screening
Antimicrobial Test and Polymyxin NP (Nordmann-Poirel). Modifications were carried out in
the preparation protocol, in the composition of the aqueous solution, and the incorporation of
antimicrobials into the test. Polymyxins B and colistin were tested. The tests were called
Modified Andrade Screening Antimicrobial Test (ASAT-M) and POLI-NP-MOD, in which
polymyxins B and colistin were tested. A total of 149 bacterial isolates were tested. The
Kappa coefficient showed a categorical agreement of 0.77 for the ASAT-M rapid test with
colistin and 0.80 with polymyxin B. The POLI-NP-MOD rapid test showed a categorical
agreement of 0.89 for both polymyxin B and colistin. ASAT-M with colistin and with
polymyxin B demonstrated elevated very major error (VME) of 25% and 19.23%,
respectively. For POLI-NP-MOD, the VME results were 13% for polymyxin B and colistin.
ASAT-M obtained ME of 2.06% and 3.09% for colistin and polymyxin B, respectively, while
POLI-NP-MOD showed no ME. Although the tests showed inadequate VME values, they
proved to be easy and inexpensive to prepare, in addition to providing a response within a few
hours, reducing the time needed to detect polymyxin-resistant isolates from 20 hours to 4
hours. The results suggest useful and viable applicability of the ASAT-M and POLI-NP-MOD
colorimetric tests for screening for polymyxin resistance in the clinical laboratory routine,
requiring confirmation with the reference method in cases of isolates considered susceptible
in the screening with these rapid colorimetric tests.

Keywords: Colorimetric method. Elution method. Enterobacterales. Broth microdilution.
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1 INTRODUCAO

A resisténcia antimicrobiana (RAM) é uma problematica urgente na saude publica
global. E um fendmeno natural, que atualmente esta se disseminando rapidamente pelo uso
inadequado e em larga escala de antimicrobianos em humanos, animais e no meio ambiente.
No ano de 2019, foram estimadas 4,97 milhdes de mortes por infeccdes associadas a
patdgenos resistentes aos antimicrobianos no mundo. Dessas, 1,27 milhdo de mortes foram
diretamente atribuidas a RAM (MURRAY et al., 2022). Sem intervencdo, estima-se que serdo
anualmente 10 milhGes de mortes até 2050, com um custo global associado de $100 trilhdes
(O’NEILL, 2016). Tendo em vista este cenario, em 2019 a resisténcia aos antimicrobianos foi
listada como uma das dez principais ameacas a saude mundial (WHO, 2019), estando entre 0s
46 indicadores listados como prioridade do 13° Programa Geral de Trabalho da OMS
(Organizagdo Mundial da Saude) (WHO, 2020).

Dentre os microrganismos envolvidos nessa problematica, destaca-se o0 grupo
denominado ESKAPE, acrénimo para Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa e Enterobacter
spp., 0 qual ocupou as posi¢cdes criticamente e altamente prioritarias na lista global de
bactérias resistentes aos antimicrobianos para investigacdo de novos medicamentos, publicada
em 2017 pela OMS (WHO, 2017). Infeccdes causadas por bacilos gram-negativos
multirresistentes (enterobactérias, A. baumannii e P. aeruginosa) sdo responsaveis por altas
taxas de mortalidade e tém sido causa de varios surtos hospitalares (AIRES et al., 2017;
CRONIN et al., 2017; KIM et al., 2017; LEUNG et al., 2017; MAIDA et al., 2018; SILVA et
al., 2018).

A indistria farmacéutica ao longo do tempo tem desenvolvido novos
antimicrobianos, principalmente para tratar infecges por bactérias multirresistentes. Alguns
desses novos antimicrobianos foram liberados para uso clinico no Brasil, como ceftarolina,
ceftazidima-avibactam e ceftolozana-tazobactam, entretanto, isolados resistentes ja foram
identificados nacionalmente (SHIRLEY, 2018; SORIANO et al., 2021; VAN DUIN,
BONOMO, 2016; VIDAILLAC et al., 2009). Além disso, entre 0s novos antimicrobianos
liberados, ceftazidima-avibactam ndo tém atividade contra A. baumannii produtores de OXA-
23, que apresentam fenotipo de resisténcia aos carbapenémicos, bem como enterobactérias e

P. aeruginosa produtores de metalo-beta-lactamases (ALAMRI et al., 2020; SILVA et al.,
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2018). Sendo assim, as polimixinas continuam sendo importantes opcdes terapéuticas, nao
podendo ser substituidas até 0 momento.

No Brasil, a partir de 2009, com a disseminacao endémica em diversos hospitais de
isolados de K. pneumoniae produtores de KPC, as polimixinas passaram a ser uma das Unicas
opcoes terapéuticas contra esses isolados (MONTEIRO et al., 2009). Nesse panorama, com 0
crescente uso do antimicrobiano, embora ainda possua boa atividade, tem-se observado
aumento nas taxas de resisténcia ao longo dos anos, principalmente em enterobactérias
(BRAUN et al., 2018; GALES, JONES, SADER, 2011; ROSSI et al.,, 2017; SADER,
FARRELL, JONES, 2011).

As polimixinas, utilizadas na préatica clinica nas formas de polimixina B e E (essa
ultima também chamada de colistina), sdo antimicrobianos polipeptidicos que tiveram sua
atividade contra bactérias gram-negativas reconhecidas pela primeira vez na década de 1940
(SATLIN et al, 2019). Descobertos em 1947, sdo considerados metabdlitos do
microrganismo de solo Paenibacillus (Bacillus) polymyxa (EZADI; ARDEBILI; MIRNEJAD,
2018). A principal diferenca entre as polimixinas B e E esta relacionada as estruturas
quimicas, mais precisamente na alteracdo de um Unico aminoécido na posicdo 6, D-Leucina
na molécula de colistina e D-Fenilalanina na molécula de polimixina B (BERGEN et al.,
2006) (Figura 1). A molécula de polimixina consiste em uma cadeia lateral de acidos graxos

ligada a um anel peptideo policatibnico composto de dez aminoacidos.

Figura 1 - Representacdo da estrutura quimica das polimixinas B e E (colistina)
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A caracteristica catidnica das polimixinas faz com que esse farmaco possua alta
afinidade por superficies de carga negativa, como o lipopolissacarideo (LPS) da membrana
externa bacteriana. Os antimicrobianos dessa classe irdo agir na membrana celular externa da
parede celular bacteriana, deslocando os ions de célcio e magnésio que estabilizam o LPS,
promovendo o aumento da permeabilidade celular & polimixina. Logo apos, esses farmacos
interagem da mesma forma com a membrana interna da célula, promovendo a liberacdo dos
componentes celulares e levando a morte celular bacteriana (HANCOCK, 1997).

Os mecanismos de resisténcia as polimixinas ainda ndo estdo totalmente elucidados.
Até 0 momento, diversos genes e sistemas regulatorios tém sido descritos como causadores de

resisténcia as polimixinas (Figura 2).

Figura 2 - Representagdo esquematica dos mecanismos de resisténcia as polimixinas

identificados em diferentes espécies bacterianas
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Legenda: (A) Célula sensivel mostrando a membrana interna - IM, externa - OM e a camada de peptidoglicano
(retangulos laranja e azul) no periplasma. O lipopolissacarideo (LPS) que forma a camada externa da célula
Gram negativa é carregado negativamente e é o alvo de ligacéo inicial da polimixina carregada positivamente;
(B) Resisténcia via modificacdo do LPS, pela adicdo de L-AradN (hexagonos amarelos), PEtn (tridngulos
verdes) e/ou galactosamina, além de alteragdes nas cadeias de acidos graxos, relacionada as espécies bacterianas
listadas na imagem; (C) Resisténcia via perda completa do LPS, relacionada com Acinetobacter baumannii; (D)
Resisténcia via aumento da expressdo de capsula, visualizada em Klebsiella pneumoniae; (E) Resisténcia via
expressdo de um sistema de efluxo, visualizado nas espécies bacterianas listadas na imagem.
Fonte: Traducéo e adaptacdo de MOFFATT, J. H.; HARPER, M.; BOYCE, J. D. Advances In
Experimental Medicine And Biology, p. 55-71 (2019).
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Em geral, a maioria dos mecanismos promove uma alteracdo na superficie celular
bacteriana, geralmente por (i) alteracdo do lipideo A do LPS bacteriano por adicdo de 4-
amino-4deoxi-L-arabinose (L-Ara4N), fosfoetanolamina (pEtN) e/ou galactosamina
(BAKTHAVATCHALAM et al., 2018), (ii) perda total do LPS (MOFFATT et al., 2010) ou
(iif) hiperproducdo de cépsula (POIREL, JAYOL, NORDMANN, 2017), resultando na
reducdo da afinidade da superficie celular pelo farmaco. No entanto, episodios de falha
terapéutica com polimixinas tém sido observados em infecgdes por microrganismos que ainda
ndo tém o mecanismo de resisténcia conhecido (GIRARDELLO et al., 2017; LEE et al.,
2016; ZAVASCKI et al., 2018). Em 2016, Liu et al. (2016) descobriu um gene mediado por
plasmideo denominado mcr-1, envolvido com resisténcia as polimixinas. O gene mcr-1
codifica para a enzima fosfoetanolamina transferase, a qual € responsavel pela adi¢cdo de uma
molécula de fosfoetanolamina ao lipideo A do LPS bacteriano (LIU et al., 2016).

Ampliando essa problematica, vem sendo observado uma grande dificuldade na
execucdo e falta de acuracia dos testes de sensibilidade utilizados no laboratorio clinico,
guando se trata de polimixinas (BAKTHAVATCHALAM et al., 2018; GIRARDELLO et al.,
2018). Conforme descrito por Ezadi, Ardebili e Mirnejad (2018) em seu estudo, devido ao uso
clinico crescente, a otimizacdo e padronizacdo dos testes de sensibilidade a polimixina in
vitro, assim como a definicdo dos pontos de corte corretos pelos laboratérios, sdo
necessidades urgentes na rotina (EZADI; ARDEBILI; MIRNEJAD, 2018).

Varios estudos que avaliaram o desempenho de métodos para teste de sensibilidade a
polimixina obtiveram resultados divergentes. Ezadi et al. (2018) listaram como dificuldades a
natureza cationica das polimixinas, o desenvolvimento de heterorresiténcia, a difusdo em agar
dificultada (levando a altas taxas de falsa-sensibilidade) (POIREL; JAYOL; NORDMANN,
2017) e a interpretacdo do resultado em casos de isolados com concentracao inibitéria minima
proxima do ponto de corte (entre 2-4 ug/mL), nos quais os critérios interpretativos
(sensibilidade ou resisténcia) ficam incertos (EZADI; ARDEBILI; MIRNEJAD, 2018).

O método de disco difusdo, muito utilizado para outros antimicrobianos, ndo apresenta bom
desempenho para determinacgéo da sensibilidade as polimixinas, assim como o0 método da fita
de gradiente de concentragéo, sendo o uso desses métodos reprovado pelo CLSI (Clinical and
Laboratory Standards Institute) e EUCAST (European Committee on Antimicrobial
Susceptibility Testing) (CLSI, 2017; EUCAST, 2016; LESHABA, MBELLE, OSEI, 2021).

Dessa forma, o Uunico método recomendado para o teste de sensibilidade as polimixinas é a
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microdiluicdo em caldo conforme padrdo 1SO-20776-1 (BAKTHAVATCHALAM et al.,
2018; LESHABA, MBELLE, OSEI, 2021).

Embora a microdiluicdo em caldo seja atualmente o método referéncia devido a
reprodutibilidade e confiabilidade, o preparo é muito trabalhoso e dispendioso, considerando a
rotina dos laboratdrios clinicos. Além disso, foram evidenciados alguns problemas técnicos de
execucdo, como a aderéncia das polimixinas as placas de plastico, levando a diminuicdo da
concentracdo do antimicrobiano presente no meio. Embora a adicdo de um surfactante, como
o0 polissorbato 80 (P-80), limite a adesdo do antimicrobiano aos painéis de microdiluicdo, seu
uso foi abandonado por ter demonstrado efeito sinérgico com as polimixinas (EZADI;
ARDEBILI; MIRNEJAD, 2018).

Ja existem painéis ndo-automatizados baseados em microdiluicdo em caldo
disponiveis comercialmente, porém ainda apresentam um custo muito elevado, ndo sendo
possivel sua aquisicdo pela grande maioria dos laboratérios no Brasil. Segundo informacéo
extraida dos registros da ANVISA, até 2021, foram aprovados para uso o teste comercial
Policimbac® (Probac do Brasil) e o teste CIM (concentracdo inibitéria minima) de Polimixina
B da Laborclin, ambos com poucos estudos de sua performance laboratorial, como o realizado
por Dalmolin et al. (2020). Os autores desse estudo mostraram que, apesar da boa
concordancia categorica (100%), observaram uma tendéncia do teste Policimbac®
superestimar a CIM em comparacdo com o método de referéncia, assim como uma
concordancia absoluta bem abaixo do esperado, demonstrando uma possivel falsa-resisténcia
(DALMOLIN et al., 2020).

Ao considerar testes com menor tempo de resposta, os testes rapidos colorimétricos,
como o Polimixina NP [Nordmann/Poirel] (POLI-NP) (NORDMANN; JAYOL; POIREL,
2016) e o Andrade Screening Antimicrobial Test (ASAT) (RODRIGUEZ et al., 2019) foram
desenvolvidos como testes de triagem, porém ainda séo recentes e possuem poucos estudos
que detalham sua acuracia. Nesses testes, a deteccdo (ou auséncia) do crescimento bacteriano
em meio com polimixina é baseada no metabolismo de carboidratos na presenca de um
indicador de pH. Estudos prévios que avaliaram o teste rapido POLI-NP demonstraram
excelente detecgéo de resisténcia as polimixinas, com sensibilidade e especificidade de 100%
e 95,9%, respectivamente (YAINOY et al. 2018), inclusive com bons resultados quando
empregado diretamente em hemoculturas (JAYOL et al., 2016; MALLI et al., 2019). Ja o
teste rapido ASAT alcancou valores de sensibilidade e especificidade de 90,7% e 100%,
respectivamente (RODRIGUEZ et al, 2019).
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Considerando o aumento do uso e as dificuldades de execucdo do método referéncia
para determinar a sensibilidade as polimixinas, torna-se interessante o desenvolvimento e
validacao de testes de triagem para a rotina do laboratdrio clinico. A proposta deste trabalho
foi avaliar modificag¢des nos protocolos dos méetodos colorimétricos ASAT e Polimixina NP
(Nordmann-Poirel) para triagem de resisténcia as polimixinas em isolados clinicos de
Enterobacterales e comparar com o método referéncia. Com o intuito de buscar testes
alternativos a microdiluicdo em caldo que apresentem um menor tempo de resposta e preparo,

além de baixo custo com insumos.
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Abstract

This study aimed to evaluate modifications in protocols of two colorimetric methods for
screening resistance to polymyxins in Enterobacterales and to compare with the reference
method. For this, in the rapid test Andrade Screening Antimicrobial Test Modified (ASAT-M)
the form of sterilization of its glucose solution had adaptations, while the rapid test Polymyxin
NP (Nordmann-Poirel) Modified, in this work called POLI-NP-MOD, was adapted with
changes in the pH indicator used and some components incorporated from a known
colorimetric method for detecting resistance to carbapenemases, Blue-Carba. Both methods
had adaptations in the form of antimicrobial incorporation and were tested for both
polymyxins B and colistin. In total, 149 bacterial isolates were used. The Kappa coefficient
showed a categorical agreement of 0.77 for the ASAT-M rapid test with colistin and 0.80 with
polymyxin B. The POLI-NP-MOD rapid test showed a categorical agreement of 0.89 for both
polymyxins B and colistin. ASAT-M with colistin and with polymyxin B demonstrated a
VME of 25% and 19.23%, respectively. For POLI-NP-MOD, the VME results were 13% for
polymyxin B and colistin. ASAT-M obtained ME of 2.06% and 3.09% for colistin and
polymyxin B, respectively, while POLI-NP-MOD showed no ME. Both tests have the
advantages of being quick, easy, and cheap to prepare, in addition to the response in a few
hours, reducing the time needed to detect polymyxin-resistant isolates from 20 hours to 4
hours. Taken together, the results suggest useful and viable applicability of the ASAT and
Poly NP colorimetric tests for screening for polymyxin resistance in the clinical laboratory
routine, requiring confirmation with the reference method in cases of isolates considered

susceptible in the screening with the rapid colorimetric tests.

Keywords: Colorimetric method. Elution method. Enterobacterales. Broth microdilution.
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1. Introduction

Antimicrobial resistance (AMR) is an urgent issue in global public health. In 2019,
an estimated 4.97 million deaths from infections associated with antimicrobial-resistant
pathogens were estimated worldwide. Of these, 1.27 million deaths were directly attributed to
AMR (MURRAY et al., 2022). Infections caused by multiresistant gram-negative bacilli are
responsible for high mortality rates and have been the cause of several hospital outbreaks
(AIRES et al., 2017; CRONIN et al., 2017; KIM et al., 2017; LEUNG et al., 2017; MAIDA
et al., 2018; SILVA et al., 2018). With the increasing use of the polymyxins as the last
therapeutic options, although there is still good activity, an increase in resistance rates has
been observed over the years, especially in Enterobacterales (BRAUN et al., 2018; GALES,
JONES, SADER, 2011; ROSSI et al., 2017; SADER, FARRELL, JONES, 2011).

Extending this problem, it has been observed a great difficulty in the execution and
lack of accuracy of the sensitivity tests used in the clinical laboratory, when it comes to
polymyxins (BAKTHAVATCHALAM et al., 2018; GIRARDELLO et al., 2018). Recently
CLSI and EUCAST concluded that the only recommended technique for testing sensitivity to
polymyxins is broth microdilution (BMD) (BAKTHAVATCHALAM et al., 2018;
LESHABA, MBELLE, OSEI, 2021). However, it is a laborious and time-consuming method,
which makes its use in laboratory routine difficult (EZADI; ARDEBILI; MIRNEJAD, 2018).

When considering tests with a shorter response time, rapid colorimetric tests were
developed, such as the Poli NP [Nordmann/Poirel] (Polymyxin-NP) (NORDMANN; JAYOL,;
POIREL, 2016) and the Andrade Screening Antimicrobial Test (ASAT) (RODRIGUEZ et al.,
2019). The objective of this study was to evaluate the performance of these two rapid
colorimetric tests for screening resistance to polymyxins with protocol modifications. The

results obtained through modified ASAT (ASAT-M) and modified Polymyxin-NP (POLI-NP-
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73  MOD) were compared with the standard broth microdilution method to identify a more
74 interesting test for application in laboratory routine. These methods allow results at least 16

75  hours before conventional ones, in addition to the low cost and fast preparation.
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2. Methods

Bacterial Isolates

All isolates were collected from the collection of microorganisms from the
Microbiology sector of the Clinical Analysis Laboratory Unit (ULAC) of the University
Hospital Polydoro Ernani de Sdo Thiago (HU/UFSC/EBSERH), located in the city of
Florianopolis, Santa Catarina, Brazil. A collection of selected 149 non-duplicated isolates of
Enterobacterales: Klebsiella pneumoniae (76), Enterobacter cloacae complex (31),
Escherichia coli (22), Enterobacter amnigenus (1), Citrobacter freundii (6), Klebsiella
aerogenes (5), Klebsiella oxytoca (1), Klebsiella spp. (2) and Citrobacter spp. (4) were

chosen for this article.

Bacterial inoculum preparation

The isolates from the ULAC collection of microorganisms are stored in cryotubes in
a freezer at -80°C. To use them, for each isolate, a metal loop was passed through the ice of
the cryotube and grooved on a plate containing chocolate agar (CA). After incubating for 18
to 24 hours at 37°C, cultures were subcultured on tryptic soy agar (TSA), to avoid interfering
with the colorimetric tests. The plate was incubated for 20 hours at 37°C. The way of

inoculation of each test will be explained in each method described later.

Broth Microdilution Method

MICs for polymyxin B were determined by broth microdilution (reference method).
The method was performed for all isolates as a reference method in 96-well polystyrene
plates, following ISO 20776-1 procedure, using cation-adjusted Mueller-Hinton broth (Sigma-

Aldrich) and polymyxin B sulfate salt (Sigma-Aldrich) (CLSI, 2006).
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MIC was defined as the lowest concentration of antimicrobial capable of inhibiting
bacterial growth, through visual inspection. Isolates were considered susceptible when MICs

were < 2 mg/mL and resistant when MICs were > 2 mg/mL (BRCAST, 2021).

Andrade Screening Antimicrobial Test Modified

The Andrade Screening Antimicrobial Test (ASAT) is a colorimetric test for
detecting colistin resistance in Enterobacterales (LESHABA; MBELLE; OSEI, 2021). ASAT
was performed according to Rodrigues et al. (2019), with modifications. To solve this method
in-house, peptone, NaCl, meat extract, and Andrade indicator were used, as described in the
protocol. Furthermore, the protocol determines the preparation of a glucose stock solution in
sterile distilled water, adding 1 mL of chloroform to every 10 mL of solution. It must be left
to rest for five days before use and stored at room temperature (RODRIGUEZ et al., 2019). In
this adaptation, the glucose stock solution with a final concentration of 10% was sterilized
using filtration with a 0.22 um Millipore filter in a sterile container, instead of using
chloroform for sterilization. Therefore, the solution does not need to stand for days and there
is no risk of handling chloroform in the laboratory.

Colistin and Polymyxin B were added to the Andrade solution through disk-elution,
according to methods performed by Dalmolin et al. (2020) and Simner et al. (2019). Colistin
discs (10 pg, Oxoid) and polymyxin B discs (300.000 UI, Cecon) were added to the solutions
and incubated at 37°C for 30 minutes for colistin and polymyxin elutions. Four concentrations
were prepared in Andrade solution for colistin and polymyxin: tube 1 (without discs), tube 2
(colistin with a final concentration of 2 pg/ml), tube 3 (colistin with a final concentration of 4
pg/ml) mL) and tube 4 (colistin with a final concentration of 8 pg/mL).

The inoculation was done in the same way as the protocol of Rodriguez et al. (2019),

where the test result was considered positive when the solution turned a magenta color,
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revealing the same color as the positive control tube, that is, with bacterial growth (tube
without colistin and with bacteria), indicating growth in the presence of colistin (resistant
isolate), while the test result was negative when the solution remained light pink (susceptible
isolate), revealing the same color as the negative control well (Figure 1a) (RODRIGUEZ et

al., 2019).

Rapid Polymyxin NP [Nordmann-Poirel] Test Modified

The Rapid Polymyxin NP (Polymyxin-NP) colorimetric method (NORDMANN;
JAYOL,; POIREL, 2016) has its principle the glucose metabolization and consequently
production of acidic components, with a pH indicator, enabling the visualization of the color
change (SADEK et al., 2020). The POLI-NP-MOD was performed according to Nordmann,
Jayol, and Poirel (2016), with modifications.

In this adaptation, the colorimetric solution was prepared with CAMHB,
bromothymol blue, ZnSO4, and a glucose solution, with pH adjustment to 7.0. The principle
of this adaptation is the fact that bromothymol blue presents a turning zone between 6.2 and
7.6, being closer to the pH of the equivalence point expected in the metabolism of glucose
(production of weak and strong acids), than phenol red (6.8 to 8.4). The closer to the pH at the
equivalence point the color change occurs, the more accurate will be the determination of the
endpoint (MATOS, 2016). In addition, bromothymol blue is the pH indicator present in one of
the main methods of characterization of glucose metabolism, the glucose
oxidation/fermentation (OF) broth, and is used in the same way in the Blue-Carba
colorimetric test (SATTLER, J.,, BRUNKE, A., HAMPRECHT A., 2021; PIRES et al., 2013).

Also, in this modification, colistin and polymyxin B were added to the colorimetric

solution by disk-elution, in the same way as described above for the ASAT method.
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The inoculation was done in the same way as the study of Nordmann; Jayol; Poirel
(2016), where the test result was considered positive when the solution turned a yellow color,
revealing the same color as the positive control tube, that is, with bacterial growth (tube
without colistin and with bacteria), indicating growth in the presence of colistin (resistant
isolate), while the test result was negative when the solution remained green (susceptible
isolate), revealing the same color as the negative control well (Figure 1b) (NORDMANN;

JAYOL; POIREL, 2016).

Figure 1. lllustrative representation of the ASAT-M and POLI-NP-MOD methodologies
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For all tests, Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27853
strains were used as quality control, as recommended by the Brazilian Committee for
Antimicrobial Susceptibility Testing (BrCAST). Furthermore, Escherichia coli strains that
produce mcr-1.1 (ZAMPARETTE et al., 2020) were also used, representing isolates with a
resistant cut-off point, but low MIC, and K. pneumoniae, which presents the mgrB gene
truncated by insertion sequence (KpC9) (PALMEIRO et al., 2019), representing isolates with

resistant cut-off and high MIC.

Statistical analysis

The results of the BMD reference method were compared with the results obtained
for ASAT-M and POLI-NP-MOD. Errors were identified and calculated as follows: very
major error (VME) defined by isolates categorized as susceptible using the rapid tests but
resistant by the BMD reference method (false-susceptibility result), and major error (ME)

defined by isolates categorized as resistant using the rapid tests but susceptible by the BMD



178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

29

reference method (false-resistant result) (JAYOL et al., 2018). Diagnostic sensitivity and
specificity were calculated using data plotted in Excel spreadsheets.

The measurement of the agreement for categorical data was performed using the
Kappa coefficient of agreement. The Kappa coefficient measures agreement in addition to
causality. It varies from 0 (zero), when there is no agreement beyond what was expected, to 1
(one) when there is perfect agreement. Taking BMD as a reference, kappa statistics were used
to answer whether there is an agreement between sensitivity or resistance between standard
and test methods (LANDIS, J.R.; KOCH, G.G., 1977). These values and confidence intervals

were calculated using a calculator available on the internet (http://vassarstats.net/).

3. Results

Polymyxin B reference MICs were determined for 149 Gram-negative bacteria using
broth microdilution and compared to the two colorimetric tests ASAT-M and POLI-NP-
MOD. Of these strains, 52 strains exhibited polymyxin resistance (Klebsiella pneumoniae,
n=38; Enterobacter cloacae complex, n=6; Klebsiella aerogenes, n=3; Escherichia coli, n=2,;
Enterobacter amnigenus, n=1; Citrobacter freundii, n=1; Klebsiella oxytoca, n=1). In the
tests, the sensitivity profile was analyzed in concentrations of polymyxin B and Colistin. In
both colorimetric tests, the optimal interpretation of positive results (antimicrobial-resistant
isolates) was possible after 4 hours. Performance characteristics to polymyxin B and colistin
between ASAT-M, POLI-NP-MOD, and BMD method for 149 isolates tested were showed in
table 1.

Considering an analysis performed, all methods showed a similar agreement Kappa
coefficient compared with BMD. The ASAT-M method obtained kappa values of 0.77 (95%

confidence interval [95CI], 0.657 to 0.877) and 0.80 (95CI 0.699 to 0.904) for colistin and
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202  polymyxin B, respectively, is considered a substantial agreement according to the
203  classification defined by Landis, J. R.; Koch, G. G. (1977).
204
205 Table 1. Comparison of performance characteristics to polymyxin B and colistin between
206  ASAT-M, POLI-NP-MOD, and BMD method for 149 isolates tested

Method Number of isolates Kapp?gAS%rle)eme”t VME (%) ME (%)

R (%) S (%)
Broth microdilution” 52 (34,9) 97 (65,1)

ACSO’?}I“':]/' 41 (27,5) 108 (725) 0,77 (0.657-0.877) 13 (25) 2 (2,06)

b (ﬁin'i‘;i'\rfB 44 (29,5) 105 (70,5)  0.80 (0.699-0.904) 10 (19,23) 3(3,09)
POL(':'O'\I'iZt'i'\:OD 45(30,2)  104(69.8) 0,89 (0.817-0.97) 7(13) 0(0)
PS;;QS;?Q%D 45(30,2)  104(69.8) 0,89 (0.817-0.97) 7(13) 0(0)

207  * Reference method.

208  Legend: R, resistant; S, susceptible.

209

210 The ASAT-M-Colistin method had a sensitivity of 95% and a specificity of 88%
211  while the ASAT-M-Polymyxin B method had a sensitivity of 93% and a specificity of 90%.
212  For the POLI-NP-MOD method, the kappa value of 0.89 (95CI 0.817 to 0.97) was obtained,
213  both for colistin and polymyxin B, being classified as almost perfect. The sensitivity and
214  specificity obtained were 100% and 93%, respectively.

215

216 4. Discussion

217 With the increasing number of infections cases caused by Gram-negative bacteria
218  with high resistance to antimicrobials, polymyxin has been used as one of the last therapeutic
219  alternatives. This has led to increased use and, unfortunately, increasing rates of polymyxin
220  resistance (LI et al., 2019). Given this situation, it is essential to improve and develop
221  methods of sensitivity to polymyxins with a quick and safe response.
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A good categorical agreement allows screening of the bacteria's sensitivity profile
and definition of a more certain path in search of the correct antibiotic therapy for the patient.
From this point, the categorical agreement between screening methods and the standard
method is as essential for polymyxins as it is for many other antimicrobial agents.

From the calculated Kappa values between the tests, we can see that the agreement
was better for the POLI-NP-MOD test than for the ASAT-M test, when compared to the
standard method. Furthermore, the ASAT-M method has a very major error (VME) and major
error (ME) more pronounced than the modified POLI-NP-MOD method, which did not
demonstrate ME (Table 1). The tests detection was better for colistin-resistant isolates (MICs
>2 mg/L) than for isolates that lacked colistin resistance mechanisms (MICs < 2 mg/L).

In this point, some problems of false sensitivity were detected (VME with such high
values are considered unacceptable) and, in the ASAT-M method, some cases of false
resistance, which need to be considered when analyzing a result of these tests individually,
without the presence of the standard method. Even though there was a good agreement
between POLI-NP-MOD and BMD, which can be seen positively and further studies can be
done to improve this method.

For POLI-NP-MOD, of the concordant results for resistance, the vast majority (80-
85%, approximately) had the highest MIC of the standard method related to the highest MIC
of the test method. In the other values, the MIC did not coincide but remained in the same
resistance classification. With the results obtained, it is possible to consider the option of
making the method even more practical and instead of testing 4 concentrations, testing only
for the concentration of 2 ug/mL, the sensitivity cut-off point established by BrCAST.

In this study, were evaluated two colorimetric tests, both based on the visualization

of glucose metabolism through a pH indicator. Although they have the same principle, each
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one has particularities in their preparation that set them apart and can be key points in the use
in a laboratory routine.

The fact that the ASAT-M method requires one more step in its process preparation
(filtration of acid fuchsin to produce the indicator) makes it slightly more laborious than the
POLI-NP-MOD method, which only consists of adding all the materials in CAMHB.

Regarding the preparation of the broth used for each of the methods, something that
was observed equally for both was approximate stability of 6 months at -20°C. This allows for
a greater quantity of broth to be produced at longer intervals of time.

Finally, an important point to consider is the differences in agreement between tests
containing polymyxin B and tests containing colistin, with the standard method. In POLI-NP-
MOD it did not show, however in the ASAT-M test we see a difference between the
concordances of ASAT-M-Colistin and ASAT-M-Polymyxin B. Many authors have already
written about the difficulty in using colistin in vitro tests (HUMPHRIES R. M., 2015;
MATUSCHEK et al., 2018; SADER et al., 2012), and the discussion about the existence of
differences between colistin and polymyxin B is also widely commented. Some authors have
already demonstrated that MICs of Colistin and Polymyxin B are similar, but not identical.
According to some authors, between these two antimicrobials of the same class, there may be
differences in +1 dilution. This difference can lead to VME, ME, and, not so far, a therapeutic
failure (CHEW et al., 2017; CIELO et al., 2020; SADER et al., 2015).

In this study, all tests were performed with daily broth microdilution and quality
control. All tests were performed on the same day, with the same inoculum suspension, to
avoid possible limitations. A limitation of this study is the fact that the principle of
colorimetry of evaluated tests involves glucose metabolism and it is not possible to test non-

fermenting Gram Negatives.
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In conclusion, even though the high VME and ME presented by ASAT-M and POLI-
NP-MOD methods, the tests show a good agreement. Gathering the results, it appears that the
isolates considered resistant by the method are resistant, being viable for resistance screening.
However, results considered susceptible are not reliable and need to be confirmed by the
reference method. The results of this study indicate that the colorimetric tests can be easily
implemented in a routine microbiology laboratory, as an initial screening test, being a quick
and simple method of preparation, with low-cost inputs an optimal response in 4 hours.
However, further studies are needed to improve the test, to understand more deeply the lack of
agreement, to understand the resistance mechanisms detected by the test and the cases that

were not detected.
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3 CONSIDERACOES FINAIS

Os testes colorimétricos foram capazes de detectar com 6tima resposta a resisténcia
da grande maioria dos isolados bacterianos testados, com leituras étimas 4 horas apds
incubacdo, ou seja, em torno de 16 horas antes do método referéncia. Aplicado a uma rotina
hospitalar, esses resultados permitem a possibilidade de uma triagem com os testes
colorimétricos a fim de reduzir o volume de trabalho ao realizar a microdiluicdo em caldo,
além de adiantar a tomada de decisdo para antibioticoterapia, 0 que torna este trabalho ainda
mais favoravel pois, para pacientes criticos, o tempo é critério importantissimo para melhor
prognostico.

Este estudo indicou que dos testes colorimétricos em analise — ASAT-M e POLI-NP-
MOD — POLI-NP-MOD apresentou resultados de melhor performance laboratorial, melhor
concordancia e menor presenca de erros em relacdo ao teste ASAT-M, podendo ser
facilmente adaptado e implementado a rotina de um laboratorio de microbiologia, exigindo
materiais simples, ja disponiveis no laboratério, assim como um curto tempo de preparo
associado a uma facil producéo, tendo como ponto crucial seu potencial de resposta em um
curto periodo de tempo em relagcdo ao método.

Em relacdo aos casos de falsa-sensibilidade e alto VME, serdo necessarios mais
estudos e confirmacdo de alguns resultados para compreender o que pode estar envolvido,

aprimorar os testes e diminuir esses erros.
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APENDICE A - FIGURAS COMPLEMENTARES

Figura 3. Representacdo dos resultados de deteccdo de resisténcia a polimixina pelo método

Legenda: C-, controle negativo (Solugdo ASAT-M), correspondente a coluna 8; C+, controle
positivo (sem antimicrobiano), correspondente a linha A; Poli-R, isolado resistente a

polimixina/colistina, coluna 6; Poli-S, isolado sensivel a polimixina/colistina, coluna 5.
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Figura 4. Representacdo dos resultados de deteccdo de resisténcia a polimixina usando o
método colorimétrico de teste rapido POLI-NP-MOD.

y ~ A I- 1
Legenda: C-, controle negativo (Solucdo POLI-NP-MOD), correspondente a coluna 8; C+,
controle positivo (sem antimicrobiano), correspondente a linha A; Poli-R, isolado resistente a

polimixina/colistina, coluna 6; Poli-S, isolado sensivel a polimixina/colistina, coluna 5.
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Figura 5. Concordancia Kappa obtida para o método ASAT com colistina em comparagao
com método padrédo (BMD)

A. Matriz de entrada de dados da Concordancia Kappa

Data Entry
B
1 2 3 4 5 6 7 8 Totals
1 39 13 ---- ---- ---- ---- 52
2 2 85 97
5 _— _— _— _— _— _— _— _— _—
Totals 41 108 149

Legenda: 1, Resisténcia; 2, Sensibilidade; A, Microdiluicdo em Caldo; B, ASAT-M com
colistina. Os numeros correspondem ao numero de isolados que tiveram a classificacdo

determinada para cada quadrante.

B. Resultados Concordancia Kappa

Unweighted Kappa
Observed
Kappa .95 Confidence Interval
Standard Lower Upper
0.767 L T
Error Limit Limit
Method 1 0.057 0.6552 0.8788
Method 2 0.0561 0.657 0.877
maximum possible unweighted kappa, given
0.8291 . \
the observed marginal frequencies
0.9251 observed as proportion of maximum possible

Legenda: Método 1, Microdilui¢cdo em caldo; Método 2, ASAT-M com colistina.
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Figura 6. Concordancia Kappa obtida para 0 método ASAT com polimixina B em
comparagdo com método padrao (BMD)

A. Matriz de entrada de dados da Concordancia Kappa

Data Entry
B
1 2 3 4 5 6 7 8 Totals
1 42 10 -- -- -- -- -- -- 52
2 3 94 -- -- -- -- -- -- 97
3 -- -- -- - - - - - -
A 4 -- -- -- -- -- -- -- -- --
5 - - - - - - - - -
6 - - - - - - - - -
7 - - - - - - - - -
8 - - - - - - - - -
Totals =~ 45 104 149

Legenda: 1, Resisténcia; 2, Sensibilidade; A, Microdiluicdo em Caldo; B, ASAT-M com
polimixina B. Os numeros correspondem ao ndmero de isolados que tiveram a classificagdo

determinada para cada quadrante.

B. Resultados Concordancia Kappa

Unweighted Kappa
Observed
Kappa .95 Confidence Interval
Standard Lower Upper
0.8018 Error Limit Llijnliit
Method 1 0.0525 0.6989 0.9047
Method 2 0.0521 0.6995 0.904

0.8933

maximum possible unweighted kappa, given

the observed marginal frequencies

0.8976 observed as proportion of maximum possible

Legenda: Método 1, Microdilui¢do em caldo; Método 2, ASAT-M com polimixina B.
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Figura 7. Concordancia Kappa obtida para 0 método POLI-NP-MOD com colistina e
polimixina B em comparagdo com método padrédo (BMD)

A. Matriz de entrada de dados da Concordancia Kappa

Data Entry
B
1 2 3 4 5 6 7 8 Totals
1 45 7 - - 52
2 0 07 07
3 - - - -
A 4 . . . .
5 - - - -
6 - - - -
7 - e e e
8 - e e e
Totals 45 104 ---- ---- 149

Legenda: 1, Resisténcia; 2, Sensibilidade; A, Microdilui¢cdo em Caldo; B, POLI-NP-MOD. Os
nameros correspondem ao numero de isolados que tiveram a classificacdo determinada para

cada quadrante.

B. Resultados Concordancia Kappa

Unweighted Kappa
Observed
Kappa .95 Confidence Interval
Standard Lower Upper
0.8933 L T
Error Limit Limit
Method 1 0.0294 0.8161 0.9705
Method 2 0.0391 0.8166 0.97
maximum possible unweighted kappa, given
0.8933 . .
the observed marginal frequencies
1 observed as proportion of maximum possible

Legenda: Método 1, Microdilui¢cdo em caldo; Método 2, POLI-NP-MOD.



Tabela 1. Resultados obtidos dos métodos colorimétricos ASAT-M e POLI-NP-MOD em

APENDICE B - TABELA COM RESULTADOS OBTIDOS

comparagdo com a microdiluicdo em caldo

Interpretacdo dos resultados (R/S)

MIC BMD -NP- -NP-
o Teaml awo AATM ASCM wed oo
Colistina Polimixina B

K. pneumoniae 0,5 S R R S S
K. pneumoniae > 32 R R R R R
K. pneumoniae >32 R R R R R
K. pneumoniae >32 R R R R R
E. coli 0,125 S S S S S

E. cloacae 0,125 S S S S S
E. cloacae 0,125 S R R S S
K. pneumoniae > 32 R R R R R
K. pneumoniae 0,25 S S S S S
K. pneumoniae < 0,006 S S S S S
K. pneumoniae 0,25 S S S S S
E. coli < 0,006 S S S S S

K. pneumoniae >32 R S S S S
K. pneumoniae < 0,006 S S S S S
K. pneumoniae 16 R R R R R
K. pneumoniae 0,125 S S S S S
E. cloacae 0,125 S S S S S
K. pneumoniae 0,125 S S S S S
K. pneumoniae 0,125 S S S S S
K. pneumoniae >32 R R R R R
E. cloacae 0,125 S S S S S
K. pneumoniae > 32 R R R R R
K. pneumoniae 16 R R R R S
K. pneumoniae 0,25 S S S S S
K. pneumoniae 0,25 S S S S S
E. cloacae 0,125 S S S S S
K. pneumoniae 0,125 S S S S S
K. oxytoca 0,125 S S S S S
K. pneumoniae > 32 R R R R R
K. pneumoniae 0,125 S S S S S
K. pneumoniae 0,5 S S S S S
E. coli 0,5 S S S S S

E. coli 0,125 S S S S S

E. cloacae 0,125 S S S S S

49



E. coli 0,125 S S S S S

K. pneumoniae 0,125 S S S S S
E. cloacae 0,125 S S S S S
E. coli 0,125 S S S S S

K. pneumoniae 0,125 S S S S S
Citropacter 0,125 S S S S S
E. coli < 0,006 S S S S S
Citrobacter 0,125 s s S S S
K. pneumoniae 0,125 S S S S S
K. aerogenes 0,25 S S S S S
K. aerogenes 16 R S S R R
K. pneumoniae < 0,006 S S S S S
K. pneumoniae 0,25 S S S S S
E. coli 0,25 S S S S S

K. pneumoniae 32 R R R R R
K. pneumoniae 32 R R R R R
E. coli 0,25 S S S S S

K. pneumoniae 32 R R R R R
K. pneumoniae 0,12 S S S S S
C;ggﬁggfr 05 S S S S S
K. pneumoniae 0,25 S S S S S
K. pneumoniae 32 R R R R R
E. coli < 0,006 S S S S S

E. cloacae 0,12 S S S S S
K. pneumoniae < 0,006 S S S S S
Ci}f:gf:giter <0,006 s s S s s
E. coli < 0,006 S S S S S

K. pneumoniae 0,125 S S S S S
E. cloacae 0,125 S S S S S
E. coli < 0,006 S S S S S

K. pneumoniae 0,125 S S S S S
Citrobacter spp. < 0,006 S S S S S
K. oxytoca > 32 R R R R R
E. coli < 0,006 S S S S S

K. pneumoniae 0,125 S S S S S
K. pneumoniae 0,125 S S S S S
analonatioss 0% S S s s s
E. coli 0,125 S S S S S
Citrobacter 0,125 s s s s s

freundi
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K. pneumoniae 0,125 S S S S S
K. pneumoniae 0,25 S S S S S
K. pneumoniae < 0,006 S S S S S
K. pneumoniae 32 R R R R R
K. pneumoniae 32 R R R R R
E. cloacae 0,25 S S S S S
K. pneumoniae < 0,006 S S S S S
K. pneumoniae >32 R R R R R
E. amnigenus sp. >32 R R R R R
K. pneumoniae > 32 R R R R R
K. pneumoniae > 32 R R R R R
E. coli 0,125 S S S S S

E. coli < 0,006 S S S S S
Ciggfr?giter < 0,006 S S S S S
K. pneumoniae 32 R R R R R
E. coli 0,125 S S S S S

K. pneumoniae > 32 R R R R R
E. cloacae 16 R S S R R
K. pneumoniae < 0,006 S S S S S
K. pneumoniae >32 R S S R R
K. pneumoniae 16 R R R R R
K. pneumoniae >32 R S R R R
K. pneumoniae 32 R R S R R
E. cloacae 16 R S R R R
E. cloacae 0,25 S S S S S
E. coli 32 R R R R R

E. cloacae 32 R R R R R
E. cloacae 0,125 S S S S S
Citrobacter spp. 0,25 S S S S S
E. cloacae 8 R S S S S
E. cloacae < 0,006 S S S S S
K. pneumoniae > 32 R R R R R
K. pneumoniae > 32 R R R R R
E. coli 8 R S S S R

K. aerogenes > 32 R S R S S
K. pneumoniae 0,125 S S S S S
K. pneumoniae >32 R S S S S
K. pneumoniae 32 R R R R R
E. cloacae < 0,006 S S S S S
K. pneumoniae < 0,006 S S S S S
K. pneumoniae < 0,006 S S R S S
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E. cloacae 0,125 S S S S S
K. pneumoniae < 0,006 S S S S S
K. pneumoniae < 0,006 S S S S S
K. pneumoniae < 0,006 S S S S S
K. pneumoniae 32 R R R R R
Klebsiella spp. 0,125 S S S S S
K. pneumoniae 0,125 S S S S S

E. cloacae 0,25 S S S S S
Klebsiella spp. < 0,006 S S S S S

E. coli < 0,006 S S S S S

K. pneumoniae 32 R R R R R
E. cloacae 0,25 S S S S S
K. aerogenes 8 R S S S S
K. pneumoniae > 32 R R R R R
E. cloacae 0,125 S S S S S
K. aerogenes 2 S S S S S
E. cloacae 32 R S S S S
E. cloacae 0,125 S S S S S
E. coli 0,125 S S S S S

E. cloacae 0,125 S S S S S

E. cloacae 0,125 S S S S S

E. cloacae 0,5 S S S S S

E. cloacae 0,25 S S S S S

E. cloacae 0,125 S S S S S

E. cloacae 32 R R R R R

Ciggﬁﬁgiter >32 R R R R R
E. cloacae 0,25 S S S S S
E. coli < 0,006 S S S S S

K. pneumoniae >32 R R R R R
K. pneumoniae < 0,006 S S S S S
K. pneumoniae > 32 R R R R R
K. pneumoniae > 32 R R R R R
K. pneumoniae 32 R R R R R
K. pneumoniae > 32 R R R R R
K. pneumoniae > 32 R S S R R

Legenda: CIM, concentracao inibitoria minima; BMD, microdiluicdo em caldo (padrdo); R,
isolado resistente; S, isolado sensivel.
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