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Original Article

The practice of disinfection of finger oximeters performed by 
nursing professionals

A prática da desinfecção dos oxímetros de dedo realizada pelos profissionais de 
Enfermagem

ABSTRACT
Objective: to analyze the practice of disinfection of finger 
oximeters by nursing professionals. Methods: a quantita-
tive, descriptive, and cross-sectional study with nine pro-
fessionals in a hospital clinical unit. Eighteen swab samples 
were collected, internally and externally from each equip-
ment, isolating 51 bacterial colonies for antimicrobial sus-
ceptibility testing. Results: the professionals were not trai-
ned to disinfect the equipment. Eight carried the oximeters 
in their lab coats, and one carried them on a tray. They rare-
ly disinfected the inside of the device fearing the 70% ethyl 
alcohol would damage the sensor. In 17 samples, different 
bacterial genera grew. 17.7% were multidrug-resistant to 
antimicrobials. Conclusion: it was observed that Nursing 
professionals don’t disinfect finger oximeters correctly. The 
use of 70% isopropyl alcohol is recommended to disinfect 
the sensors, since it doesn’t damage the equipment, and 
70% ethyl alcohol to sanitize the patients’ fingers before and 
after the tests.     
Descriptors: Nursing; Disinfection; Drug Resistance, Bacte-
rial; Equipment Contamination; Nurse Practitioners. 

RESUMO
Objetivo: analisar a prática da desinfecção dos oxímetros de 
dedo realizada pelos profissionais de Enfermagem. Méto-
dos: estudo quantitativo, descritivo e transversal com nove 
profissionais em unidade clínica hospitalar. Coletaram-se 
18 amostras com swab, uma interna e uma externa de cada 
equipamento, isolando-se 51 colônias bacterianas para a 
testagem de suscetibilidade aos antimicrobianos. Resulta-
dos: os profissionais não recebiam capacitação para a de-
sinfecção do aparelho. Oito transportavam os oxímetros nos 
jalecos e um, na bandeja. Raramente desinfetavam o interior 
do aparelho por receio do álcool etílico 70% danificar o sen-
sor. Em 17 amostras, cresceram diferentes gêneros bacteria-
nos. Foram multirresistentes aos antimicrobianos 17,7%. 
Conclusão: observou-se que os profissionais de Enferma-
gem não desinfetam corretamente os oxímetros de dedo. 
Recomendam-se o uso de álcool isopropílico 70% para de-
sinfetar os sensores, por este não danificar o equipamento, 
e o uso de álcool etílico 70% na higienização dos dedos dos 
pacientes antes e após os testes. 
Descritores: Enfermagem; Desinfecção; Farmacorresistên-
cia Bacteriana; Contaminação de Equipamentos; Profissio-
nais de Enfermagem. 
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Introduction

Worldwide, multi-resistance of microorganis-
ms to antimicrobials is complicating the treatment of 
nosocomial infections. Multidrug-resistant microor-
ganisms are those resistant to three or more classes 
of antibiotics. In the United States of America, these 
microorganisms are responsible for approximately 
23,000 deaths annually. And it is estimated that 11.0% 
of individuals examined in health care facilities are 
asymptomatic carriers of a transmissible and difficult-
-to-treat microorganism(1). 

The spread of pathogens such as viruses, fungi, 
and multi-resistant bacteria in hospital environments 
is mainly the result of careless cleaning(2). Nowadays, 
there is no lack of scientific evidence on the impor-
tance of the quality of cleaning in the hospital envi-
ronment. However, the spread of multidrug-resistant 
pathogens is increased when portable equipment and 
materials (such as trays, especially) are exposed to 
high-contact surfaces(3). 

The chances of a patient becoming infected 
increase by 40.0% in a room previously occupied by 
an infected patient. This is because, after cleaning, 
50.0% of the contact points remain contaminated. On 
mobile equipment, these pathogens can remain for a 
long time, such as the Gram-positive Staphylococcus 
aureus, including the methicillin-resistant ones. The-
se remain from seven days to seven months, while 
Streptococcus pneumoniae remains between one and 
20 days, Streptococcus pyogenes survives from three to 
195 days, and Enterococcus spp persists between five 
days and four months. On inanimate surfaces, Gram-
-negatives such as Acinetobacter spp. survive from 
three days to five months and Escherichia coli survive 
from 90 minutes to 16 months(4).

Thus, moving objects, such as finger and pulse 
oximeters, are among the main transmitting equip-
ment. These are non-critical pieces of equipment be-
cause they come in contact with intact skin. However, 
these items can contribute to secondary transmission 
by contaminating the hands of health care workers, 

or by contact with medical equipment that will later 
come into contact with patients(5). Even in contami-
nated pulse oximeters, when disinfected, “neglected 
reservoirs” can form due to difficult access, regardless 
of the product’s commercial brand. In addition, some 
environmental conditions, such as high temperature, 
can keep the contamination level high(6).  

To decontaminate the oximeter sensors, it is 
recommended to use a swab with 70% isopropyl alco-
hol and then clean them with a chlorinated detergent. 
Isopropyl alcohol is used for cleaning the surfaces of 
electronic components and prevents oxidation by not 
having water in its composition. However, even after 
cleaning, different types of bacteria can remain, such 
as Acinetobacter baumannii, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, and Staphylococcus aureus. 
In this regard, tissues and gauze moistened with so-
dium hypochlorite (1:10) are more effective in remo-
ving vegetative bacteria and spores when used as pre-
-cleaning on the remaining parts of the oximeters. The 
presence of tallow reduces the cleaning efficiency of 
some commercially available wipes/swabs(7).

In 2020, as a result of the COVID-19 pande-
mic, new criteria for the disinfection of objects and 
surfaces have been established. For electronic equip-
ment such as computers, telephones, and mobile light 
sources, it is suggested to follow the manufacturers’ 
guidelines. In the absence of recommendations in the 
equipment manuals, the National Health Surveillance 
Agency recommends the use of cloths dampened with 
70% isopropyl alcohol, especially to disinfect touchs-
creens. A list of alternative products to 70% ethyl al-
cohol is suggested for the disinfection of objects and 
surfaces, such as: 0.1% sodium hypochlorite; bleaches 
containing 0.1% hypochlorite (sodium, calcium); so-
dium dichloroisocyanurate (concentration of 1,000 
parts per million of active chlorine); 1% povidone 
iodine; 0.5% hydrogen peroxide; the 0.5% peracetic 
acid; the quaternaries of ammonium, as, for example, 
the 0.05% Benzalkonium Chloride; the phenolic com-
pounds and the disinfectants approved by the Natio-
nal Health Surveillance Agency(8). 
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In contrast, in the disinfection of non-critical 
environmental surfaces and equipment in patient 
care, the Centers for Disease Control and Prevention 
does not recommend the use of liquid chemical ste-
rilants or disinfectants such as glutaraldehyde, pera-
cetic acid, ortho-phthalaldehyde, and the antiseptics 
chlorhexidine and iodophors. It also advises against 
the use of phenolics with high toxicity(9). This recom-
mendation needs to be adapted to the disinfection of 
finger oximeters. For the Centers for Disease Control 
and Prevention, the inappropriate use of some of the-
se products poses risks to health professionals, espe-
cially when used too frequently, and recommends cau-
tion in mixing substances for disinfection(10).

Unlike pulse oximeters, finger oximeters are 
widely used in emergency settings and clinical units 
and can be included as agents of pathogen dissemina-
tion, when sanitation performed by the nursing staff 
does not reach these neglected reservoirs. 

It is in this context that the Nursing team needs 
to be trained so that it can draw on scientific evidence 
to improve the quality of disinfection. This is because 
there are still no evaluation methodologies that can 
ensure that these cleaning procedures reached the 
neglected reservoirs(2). Having said this, it is evident 
the need for training of health professionals to repla-
ce old practices, minimizing occupational and patient 
risks(11).

This study aimed to analyze the practice of fin-
ger oximeter disinfection performed by nursing pro-
fessionals.

Methods 

This is a quantitative, descriptive study, which 
occurred in two stages, in February 2018, in a hospi-
tal in the west of Santa Catarina State, Brazil. The gui-
ding question sought to know whether the procedures 
adopted in the hygienization routine of finger oxime-
ters eliminated the biological risks to the health of the 
Nursing team and patients. 

The inclusion criterion was free participation 
by signing the Free and Informed Consent Term. The 
approach was made through a formal invitation to the 
sector manager. The objectives of the study were pre-
sented to the 32 nursing professionals of the clinical 
unit. Of these, nine (28.1%) chose to participate in 
the research. The criteria for exclusion adopted were 
being on leave for health treatment or on vacation. 

In the first stage, to facilitate the analysis of the 
results, with a questionnaire containing semi-structu-
red questions, we tried to find out from the nursing 
professionals their level of education, how long they 
had been working, whether they were trained to di-
sinfect mobile electronic equipment, where the oxi-
meters came from, where they kept them between 
shifts, how they were transported during work, and 
what disinfectants were made available by the hospi-
tal. 

In the second step, first, a free observation of 
the professionals was performed during the disin-
fection of the oximeters with products made avai-
lable by the hospital, namely: alkyl dimethyl benzyl 
ammonium chloride (benzalkonium chloride) 5.2% 
and ethyl alcohol 70%. One of the professionals used 
chlorhexidine, however, this product was not available 
for use by all professionals. 

Then, with sterile swabs dampened in saline 
solution, samples were collected from the external 
part of each oximeter, a region delimited in 12 and 13 
mm2, where the professional has contact, and from the 
internal part, delimited in 16 mm2, where the patient 
comes in contact with the sensor. The samples were 
collected from the oximeters at the beginning of the 
morning and afternoon shifts, when, theoretically, the 
oximeters should be sanitized. 

In the laboratory, the samples were seeded on 
Petri dishes containing Blood Agar medium and incu-
bated at 37oC, in aerobiosis, for 18 to 24 hours. Two 
colonies with different morphological characteristics 
were isolated from each plate and again transferred 
to the plates containing Blood Agar medium (Oxoid) 
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and incubated under the previous conditions. The cri-
terion for choosing the two samples per plate was the 
greater representativeness of each colony.  

Presumptive identification occurred by mor-
phology and Gram’s method. And the isolation tests 
were performed by biochemical tests on Simmons Ci-
trate, iron triple sugar, sulfite, indole and motility, me-
thyl red and Voges-Proskauer(12). For Gram-positive 
pathogens, the catalase, oxidase, coagulase, mannitol 
fermentation, and bile-soculin tests were used. The 
bacitracin and novabiocin tests were also employed. 
For the identification of Gram-negative microorganis-
ms, the chromogenic urinary tract infection was used 
initially. These were subsequently submitted to the 
biochemical reagents rugai lysine, citrate and triple 
sugar iron.

In the control of the susceptibility test, the 
strains E. faecalis 29212, E. coli ATCC 25922, S. au-
reus ATCC 25923, P. aeruginosa ATCC 27853 and E. 
coli ATCC 35218 are used. Antimicrobial susceptibi-
lity testing was performed by the disc-diffusion te-
chnique, using Muller-Hinton medium (Oxoid) and 
antibiotic discs (Laborclin and BioRAD): ampicillin 
+ sulfobactam (ASB- 10µg); aztreonam (ATM-30µg); 
azithromycin (AZI 5µg); ceftazidime (CAZ-30µg); 
chloramphenicol (CLO-30µg); amoxicillin + clavulana-
te (AMC- 20µg); ceftriaxone (CRO-30µg); cefotaxime 
(CTX- 30µg); doxycycline (DOX- 30µg); imipinem (IPM 
10µg); meropenem (MER 10µg); nalidixic acid (NAL-
10µg); ciprofloxacin (CIP-5 µg); norfloxacin (NOR-10 
µg); tetracycline (TET 5µg); penicillin (PEN G 10µg); 
rifampicin (RIF 5µg); cefepime (COM 30µg); vancomy-
cin (VAN 30µg); oflaxacin (OFX 5µg); bacitracin (BA 
10µg); clindamycin (CLI 2µg) and erythromycin (ERI 
15µg). Inoculation occurred by bacterial suspension. 
Halos diameters were read and interpreted according 
to the guidelines of the Clinical and Laboratory Stan-
dards Institute(13). Pathogens that showed resistance 
to three or more classes of antimicrobials were consi-
dered as multidrug-resistant isolates(1). 

In the analysis of the data obtained from the 

questionnaire, observations regarding hand hygiene, 
growth of bacterial cultures on plates, and bacterial 
resistance to antimicrobials, the results were statis-
tically analyzed as to absolute and percentage fre-
quencies. Regarding bacterial growth on the plates, 
a phenomenon called contamination, the quantity of 
bacterial colonies was analyzed in an observational 
and presumptive manner. With this, the counting of 
colonies per plate was dispensed with, and the plates 
in which bacterial growth occurred were considered 
contaminated, regardless of the presumed quantity 
observed. 

The research was approved by the Ethics 
Committee for Human Research, under Opinion no. 
2,252,276/2017, and there is a commitment to return 
the results to the institution after publication.

Results 

Of the nine Nursing professionals interviewed, 
three (33.3%) were nurses, three (33.3%) were tech-
nicians, and three (33.3%) were Nursing assistants. 
As for the time of professional practice in the hospital 
environment, one nurse had ten years and the others, 
five years or less. All said they had never received gui-
dance on disinfection of oximeters. 

These devices were for personal use and pur-
chased by them in commerce. When asked to check 
them, it was noticed that some did not have the seal of 
the National Institute of Metrology, Quality and Tech-
nology. About the transportation of oximeters during 
the care, eight said they carried them in the pocket 
of their lab coats, and one said he carried them in his 
tray. Regarding the place where they kept the oxime-
ters between shifts, all argued that they carried them 
to their homes because they belonged to them. 

Among the nurses, one used alkyl dimethyl 
benzyl ammonium chloride to disinfect the oximeter; 
one used alkyl dimethyl benzyl ammonium chloride 
associated with 70% ethyl alcohol, and one applied 
only 70% ethyl alcohol. Both products were available 
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on site. The three technicians and the two nursing as-
sistants used 70% ethyl alcohol. One nursing assistant 
used chlorhexidine for disinfection, but did not descri-
be whether it was in aqueous, alcoholic or degerming 
solution. It is worth mentioning that chlorhexidine 
was not available for everyone. 

The interviewees argued that ethyl alcohol 
70% damaged the device, discoloring it and damaging 
the sensor, so they did not use it, as well as did not 
disinfect the sensor and the internal part of the oxime-
ter. The participants recognized the existence of occu-
pational and patient risks due to the contamination of 
their oximeters. They also admitted the importance of 
properly disinfecting this equipment. 

Regarding the number of bacterial colonies and 
the genera that grew in the culture media, similar mi-
crobial growth was found among the oximeters car-
ried in the jacket pockets or on trays. Of the 18 swab 
samples collected from the oximeters, in 17 (94.4%), 
bacterial growth occurred. In only one external sam-
ple plate, no growth occurred. This sample was ob-
tained from the oximeter of the nursing professional 
who used chlorhexidine to disinfect it. However, the 
sample obtained from the internal part of the same 
oximeter presented contamination. 

Among the 17 samples, 51 colonies were iso-
lated at random, being 11 colonies of Staphylococcus 
epidermidis (three internal and eight external), three 
of Staphylococcus saprophyticus (three internal), five 
of Staphylococcus aureus (two internal and three ex-
ternal), three of Streptococcus pyogenes (two internal 
and one external), 21 of Klebsiela pneumoniae (ten in-
ternal and 11 external), four of Enterococcus faecalis 
(three internal and one external), four of Proteus mira-
bilis (three internal and one external), one of Gonococ-
cus sp (external), one of Providência sp (external) and 
one of Pseudomonas aeuroginosa (external). 

All isolates were submitted to antimicrobial 
susceptibility testing, the results of which were classi-
fied into antimicrobial classes (Figure 1). 
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Figure 1 – Antimicrobial resistance profile of bacte-
rial genera isolated from finger oximeters in a hos-
pital in western Santa Catarina in absolute numbers. 
Chapecó, SC, Brazil, 2020

Of the 21 Klebsiela pneumoniae colonies identi-
fied in four oximeters, both the internal and external 
samples had the same antimicrobial resistance pro-
file. They were all resistant to the betalactams (AMC, 
CAZ, CTX, ATM, CRO). No resistance was found for the 
third generation cephalosporins. 

When analyzing the resistance by class of anti-
microbials, in relation to multidrug-resistance, 17.7% 
were resistant to three or more classes, as shown in 
Figure 2.
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Figure 2 – Percentage of resistances to antimicrobi-
al classes of bacterial isolates from a hospital clinical 
unit. Chapecó, SC, Brazil, 2020
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Discussion

This study presents, as limitations, the lack of 
specific tests to identify the facilities or difficulties in 
disinfecting critical points in the different brands of 
oximeters. The lack of adherence of nursing profes-
sionals to the research was another factor that limited 
a more robust sample of oximeter swabs so that the 
profiles of antimicrobial resistance and the pathogens 
involved could be more expressive. The results found 
can be generalized to other realities and healthcare 
settings that involve the use of fixed and mobile elec-
tronic equipment or objects used in patient manage-
ment because microorganisms on these surfaces tend 
to behave in a similar manner.    

Among the answers provided by the inter-
viewees regarding the disinfectants used, the techni-
cians were the ones who came closest to the orienta-
tions recommended by Anvisa in Brazil, considering 
that they used 70% ethyl alcohol(8). Although one of 
the interviewees affirmed using chlorhexidine, the 
Centers for Disease Control and Prevention does not 
recommend using this disinfectant for this purpose 
because it poses health risks to professionals when 
exposed too frequently(9). 

The lack of cleaning of the sensors by the nur-
sing professionals, who were afraid of damaging them 
by using 70% ethyl alcohol, suggests that this is the 
reason for the contamination of the internal part of all 
devices. This lack of disinfection was verified in the 
microbiological results when a similar level of growth 
and the same bacterial genera were found with the 
samples collected from the outside. This fear is un-
derstandable, because the water present in the 70% 
ethyl alcohol, by oxidation, damages the electronic 
components, besides generating a personal cost to 
replace the equipment. To reduce this fear, 70% iso-
propyl alcohol, recommended in the cleaning of pulse 
oximeter sensors, may present itself as an alternative 
in the disinfection of internal parts(6).

Hand disinfection with ethyl alcohol 70% befo-
re and after cleaning oximeters, as presented by the 

professionals, helps in the efficiency of the processes. 
No publications were found to provide guidance on 
how to sanitize the fingers of patients before and after 
using this equipment. This recommendation was only 
found in manuals for the use of finger oximeters(14), 
which suggest using 70% alcohol, but without speci-
fying between ethyl or isopropyl. 

Transporting contaminated equipment in a 
coat pocket during work or to their homes after work 
is a risky practice for professionals, their families and 
their own health(4). These risks were evidenced by the 
presence of pathogens such as Klebsiella pneumoniea, 
which is multidrug resistant to the antimicrobials 
tested in the samples. Family members can become 
asymptomatic carriers(1) of these pathogens. It is also 
emphasized the possibility of increasing the level of 
contamination of this equipment due to the survival 
time of microorganisms on inanimate surfaces(4). This 
contamination can also be increased by the body tem-
perature of the professionals due to the transporta-
tion in the coat pocket. The fact that an interviewee 
carries the oximeter in the tray does not allow us to 
affirm that this equipment is free of contamination, 
because the samples collected proved to be conta-
minated internally and externally. It is worth noting 
that inadequately disinfected trays become potential 
sources of contamination of other fixed and movable 
objects such as finger oximeters(3). 

A significant difference was observed betwe-
en the results of the oximeter samples of the nursing 
professionals who disinfected the equipment and sa-
nitized their hands. However, those who disinfected 
the equipment and sanitized their hands with ethyl 
alcohol 70% before and after, had their samples less 
contaminated on the outside compared to those who 
disinfected the equipment and only sanitized their 
hands after the process. 

Based on the analyses performed, it is recom-
mended to disinfect finger oximeter sensors with 70% 
isopropyl alcohol because it does not damage them, 
and to use 70% ethyl alcohol before and after cleaning 
patients’ fingers. However, it is important to empha-
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size the role of hospital institutions in the training of 
nursing professionals for the disinfection of this equi-
pment. It is also emphasized the responsibility of he-
alth institutions in the acquisition of equipment such 
as finger oximeters, thus ensuring the patient’s safety 
by acquiring commercial brands with the certification 
seal.

In this study, regarding bacterial genera, si-
milar results were found to those of researches that 
analyzed the contamination of pulse oximeters in in-
tensive care units. All bacterial genera found are po-
tentially pathogenic, such as S. aureus and Klebsiella 
pneumoniea, and affect mainly immunocompromised 
patients(6). A large part of the pathogens isolated, such 
as o Staphylococcus spp, the Streptococcus spp. and the 
Enterococcus spp, is part of the human microbiota, 
although it can acquire pathogenicity in the hospital 
environment. In the presence of Enterococcus spp, it 
is assumed the contamination by fecal route, origina-
ting from inadequate hygiene of the hands of patients 
or nursing professionals. Regarding the presence of 
S. epidermidis, the results of the samples showed that 
the hygienization performed by the professionals was 
unsatisfactory. This bacterium colonizes the human 
epidermis, but has the potential for dissemination of 
antimicrobial-resistant genes. The vast majority of 
microorganisms found in the study are compatible 
with those causing infections acquired in the hospital 
environment(15). 

The profile of antimicrobial resistance in the 
bacterial isolates of the samples can be considered 
low, as it does not exceed 20.0%. However, multi-
-resistance can be considered worrisome, especially 
those found in Klebsiella pneumoniea, since this bac-
terium causes severe pneumonia. By knowing the sus-
ceptibility profile to the antimicrobials prescribed, the 
patient will be able to receive adequate treatment and 
thereby reduce the risks of selecting microbial strains 
resistant to antimicrobials(12). 

Given the failures in the procedures for di-
sinfecting oximeters, many occurring due to lack of 
knowledge of the possible risks, it was found to be 

necessary to train nursing professionals to adopt best 
practices for disinfecting mobile devices. It is also in-
dicated as urgent the review of protocols for use and 
disinfection of these devices in hospital environments.  

Conclusion

It was observed that nursing professionals do 
not disinfect finger oximeters correctly. This behavior 
represents risks for the professionals, their families, 
and the patients.  It is recommended to disinfect the 
sensors with 70% isopropyl alcohol and the patients’ 
fingers with 70% ethyl alcohol before and after the 
tests.

Aknowledgements

To the Research and Innovation Support Foun-
dation (Fundação de Amparo à Pesquisa e Inovação) 
of the State of Santa Catarina for funding the resear-
ch and publication of this article. Grant Agreement 
2019TR000706.

Collaborations

Korb A and Silveira AM contributed to the con-
ception and design, analysis and interpretation of 
data, writing of the article, relevant critical review of 
the intellectual content, and final approval of the ver-
sion to be published. 

References 

1.  Basak S, Singh P, Rajurkar M. Multidrug. Resistant 
and extensively drug resistant bacteria: a study. J 
Pathog. 2016; (2016):4065603. doi: https://doi.
org/10.1155/2016/4065603

2.  Dalton KR, Rock C, Carroll KC. One Health in hospi-
tals: how understanding the dynamics of people, 
animals, and the hospital built-environment can 
be used to better inform interventions for antimi-
crobial-resistant gram-positive infections. Antimi-
crob Resist Infect Control. 2020; 9:78. doi: https://
doi.org/10.1186/s13756-020-00737-2



Korb A, Silveira AM 

Rev Rene. 2021;22:e61222.8

3.  Cinadatha C, Villamaria FC, Coppin ID, Dale CR, 
Williams MD, Whitworth R, et al. Interaction of 
healthcare worker hands and portable medical 
equipment: a sequence analysis to show potential 
transmission opportunities. BMC Infect Dis. 2017; 
17(1):800. doi: https://doi.org/10.1186/s12879-
017-2895-6  

4.  Landelle C, Pittet D. Definition, epidemiology, 
and general management of nosocomial infec-
tion. Oxford Med Online. 2016. doi: https://doi.
org/10.1093/med/9780199600830.003.0283

5.  Rutala WA, Weber DA. Disinfection and sterili-
sation in healthcare facilities: an overview and 
current issues. Infect Dis Clin North Am. 2016; 
30(3):609-37. doi: https://doi.org/10.1016/j. 
Idc.2016.04.002 

6.  Desai F, Scribante J, Perrie H, Fourtounas M. Con-
tamination of pulse oximeter probes before and 
after decontamination in two intensive care units. 
Southern Afr J Crit Care. 2019; 35(2):43-7. doi: 
https://doi.org/10.7196/SAJCC.2019.v35i2.394

7.  Nandy P, Lucas AD, Gonzalez EA, Hitchins VM. 
Efficacy of commercially available wipes for dis-
infection of pulse oximeter sensors. Am J Infect 
Control. 2016; 44(3):304-10. doi: https://doi.
org/10.1016/j.ajic.2015.09.028 

8.  Agência Nacional de Vigilância Sanitária (BR). 
Nota técnica nº 47/2020/SEI/COSAN/GHCOS/
DIRE3/ANVISA [Internet]. 2020 [cited Jan 5, 
2021]. Available from: http://www.gov.br/anvi-
sa/pt-br/arquivos-noticias-anvisa/552json-file-1

9.  Center for Disease Control. Best practices for 
environmental cleaning in healthcare facilities in 
resource-limited settings [Internet]. 2019 [cited 
Jan 5, 2021]. Available from: https://www.cdc.
gov/hai/pdfs/resource-limited/environmental-
cleaning-508.pdf

10.  Center for Disease Control. Chemical disinfec-
tants: guideline for disinfection and sterilization 
in healthcare facilities [Internet]. 2019 [cited Jan 
5, 2021]. Available from: https://www.cdc.gov/
infectioncontrol/guidelines/disinfection/disin-
fection-methods/chemical.html

11.  Siman AG, Brito MJ. Changes in nursing prac-
tice to improve patient safety. Rev Gaúcha En-
ferm. 2016; 37(spe):e68271. doi: https://doi.
org/10.1590/1983-1447.2016.esp.68271

12.  Nagy E, Boyanova L, Justesen US, ESCMID Study 
Group of Anaerobic Infections. How to isolate, 
identify and determine antimicrobial susceptibility 
of anaerobic bacteria in routine laboratories. Clin 
Microbiol Infect. 2018; 24(11):1139-48. doi: 
https://doi.org/10.1016/j.cmi.2018.02.008

13.  Clinical and Laboratory Standards Institute. Per-
formance standards for antimicrobial suscepti-
bility testing [Internet]. 2018 [cited Jan 5, 2021]. 
Available from: http://file.qums.ac.ir/repository/
mmrc/CLSI-2018-M100-S28.pdf

14.  G-Tech. Oxímetro de pulso [Internet]. 2020 [cited 
Jan 5, 2021]. Available from: https://accumed.
com.br/wp-content/uploads/2018/08/IM_
OXIOLCM_REV01_280617_.pdf 

15.  Bäumler AJ, Sperandio V. Interactions between 
the microbiota and pathogenic bacteria in the 
gut. Nature. 2016; 535:85-93. doi: https://doi.
org/10.1038/nature18849 

 
This is an Open Access article distributed under the terms of
the Creative Commons

https://pubmed.ncbi.nlm.nih.gov/?term=Nandy+P&cauthor_id=26589998
https://pubmed.ncbi.nlm.nih.gov/?term=Lucas+AD&cauthor_id=26589998
https://pubmed.ncbi.nlm.nih.gov/?term=Gonzalez+EA&cauthor_id=26589998
https://pubmed.ncbi.nlm.nih.gov/?term=Hitchins+VM&cauthor_id=26589998
https://doi.org/10.1590/1983-1447.2016.esp.68271
https://doi.org/10.1590/1983-1447.2016.esp.68271

