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Abstract: Antisepsis of the hands of medical personnel is one of the most important steps in the
process of patient care, since direct contact can cause the cross-transfer of potentially pathogenic
microorganisms at surgical sites.This study aimed to analyze the prevalence of microorganisms on
the hands of 131 surgeons in a university hospital before the surgical procedure. Swabs were
collected from each clinician’s hands before and after handwashing. The samples were placed in a
transport medium and immediately delivered to a private Clinical Analysis Laboratory from Sao
Luis-Maranhao. The microorganisms were identified by ionization source mass spectrometry and
matrix-assisted laser desorption (MALDI-TOF), and antibiotic susceptibility tests (AST) were
performed using the Vitek2 automated system. The results showed a high frequency (100%) of
microorganisms before handwashing, but after surgical antisepsis, the rate dropped significantly
(p<0.05) to 27.5%. Gram-positive cocci and rods were the most common microbes, followed by
gram-negative bacilli species. The effectiveness of hand antisepsis was 72.5%. The ideal would be
100% efficacy, that is, 0% microorganisms in all surgeons. It is logical that the presence of any
organism, no matter how infrequent it may be, will always represent a great risk of postoperative
infection for any patient.
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1. Introduction

Health care-associated infections (HAIs) (also referred to as “nosocomial” or “hospital”
infections) are a serious public health problem that has increased considerably in recent years [1,2].
Studies have shown that these infections affect millions of patients worldwide every year [3-5].

The occurrence of HAIs is considered one of the most prevalent adverse events in hospital care
that has caused negative impacts on the health of patients hospitalized in various sectors, especially
in those who occupy intensive care unit (ICU) beds [6,7].

Some important factors may be associated with the high prevalence of HAIs in the hospital
environment, including a long period of hospitalization; major surgical procedures; use of invasive
instruments; indiscriminate use of antibiotics; conditions inherent to the patient, such as the existence
of chronic diseases (diabetes, skin wounds); characteristics related to patient care sectors, such as
intensive care units (ICUs); and use of inadequate hand hygiene techniques by visitors, nursing
professionals, intensive care physicians, and surgeons [8,9].

In addition to the above factors, patient infection can also occur through some invasive
procedures, such as intravenous drug application, insertion of catheters and drains, percutaneous
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tracheostomy, prosthetic devices, endotracheal intubation, mechanical ventilation, oral routes, and
surgery [10-12].

It is noteworthy that the hospital environment offers specific conditions for circulation and
prolonged persistence for many species of pathogenic microorganisms, including gram-negative
(GN) bacteria with multidrug resistance (MDR) to drugs used in clinical practice [13,14].

Studies have shown that the main species detected in HAIs are gram-positive microorganisms,
especially members of the Staphylococcus genus, such as methicillin-resistant Staphylococcus aureus
(MRSA), and other gram-negative species, including Pseudomonas aeruginosa, Acinetobacter baumannii,
Klebsiella pneumoniae, and some members of the carbapenem-resistant/carbapenemase-producing
Enterobacteriaceae family (e.g., Escherichia coli, Enterobacter spp., Serratia spp.). These pathogens are
involved in an increased mortality rate, length of hospital stay, and financial burden for patients,
families, and health systems [2,9,12,15-17].

In the hospital environment, microorganisms that cause HAIs can be transmitted mainly by the
contaminated hands of health professionals, which act as important vehicles for the transport of
pathogenic microorganisms to susceptible patients [4,6-8].

Each individual has a transient microbiota that changes over time, depending on environmental
conditions, availability of nutrition and/or stage of growth and health, or even the diurnal rhythms
of the hosts [18,19]. In addition to this transient microbiota, health workers can be contaminated
during the handling of patients colonized by pathogens or by microorganisms that can remain viable
on equipment, on the surfaces of bedroom and bathroom furniture, on instrument carts, bed rails,
bed surfaces, bedside tables, intravenous pumps, and handwashing faucets [12,13,20,21]. In this
sense, outbreaks and even continuous sporadic transmission of pathogenic microorganisms with
MDR profiles can occur through the hands of health care personnel to inpatients, especially those in
ICUs [20].

Handwashing is a prerequisite for reducing the occurrence of HAI [18]. Although no protocol
guarantees the elimination of 100% of the microorganisms present in the hands of health
professionals, the simple act of washing hands by visitors, nurses, and other members of health care
teams may reduce the risk of transmission of HAI [22]. During this process, transient flora that
colonize the surface of the skin can be removed, and the resident microbiota of the skin of the hands
and forearms of the professionals who participate in the surgeries can be reduced [23].

The antisepsis performed by the ordinary citizen and/or visitor to the hospitalized patient is
simpler than that used by health professionals since the latter must do so judiciously, before and after
direct or indirect contact with patients, following the protocol adopted by the hospital [24]. In Brazil,
surgeons have used the guidelines for safe surgery of the World Health Organization [25]. Despite
the wide use of these guidelines, the complete elimination of microorganisms from the hands of
health professionals remains a major challenge, implying the need for changes in habits and
educational measures.

In this study, we verified that the hands of medical staff are important vehicles for the
transmission of pathogenic microorganisms into the hospital environment, which can cause
infections in hospital patients in various care settings. Our findings suggest that there is an urgent
need to improve the integration of the six international patient safety targets among surgeons in the
hospital under investigation.

2. Materials and Methods

2.1. Experimental design and sample collection

This was an observational analytical epidemiological study of the cross-sectional type with an
applied nature and a quantitative and qualitative approach. A total of 150 doctors were selected by
lot among surgical staff and residents who work in the adult surgical center of the Presidente Dutra
Unit of the University Hospital of the Federal University of Maranhao. Of this total, 19 were excluded
for presenting incomplete data, leaving 131 surgeons eligible for the survey. Initially, these selected
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surgeons were informed about the research, signed the informed consent form and then answered a
structured epidemiological questionnaire.

Collections were carried out between May and September 2022, always by a single researcher.
On another random day, both hands of these chosen surgeons were collected before brushing;
swabbing with a sterile cotton swab soaked in sterile saline solution was performed on the pulps of
the fingers, interdigital region, palms, and the wrists and back of the hands, and the sample was then
placed in Stuart transport medium. Afterward, their brushing was observed in terms of sequence,
time, and product used, and a swab was collected from both wet hands after antisepsis in the same
direction as the brushing and placed in Stuart’s medium, always before the first surgery of the shift.
All samples were identified and stored in a thermal box until they were taken the same day for
microbiology processing in a private laboratory in the city. Each week, a sample from the toilets was
also sent for analysis.

2.2. Microbiological identification and antimicrobial susceptibility tests

The isolation, identification, and susceptibility tests of the microorganisms present in the
samples collected from the hands of the physicians were carried out in a laboratory belonging to the
private network of clinical analysis in Sao Luis-MA, according to the standard norms of microbiology.

The identification of microorganisms was performed by ionization source mass spectrometry
and matrix-assisted laser desorption (MALDI-TOF), and antibiotic susceptibility tests (AST N408)
were performed using the Vitek2 automated system (bioMérieux, Inc., Durham, NC) and BD Phoenix
(AST-Pmic89). The cutoff criteria used for the interpretation of the susceptibility tests for
determination of the minimum inhibitory concentration (MIC) and diameters of halos were based on
the Brazilian Committee for Antimicrobial Sensitivity Tests and European Committee for
Antimicrobial Test (BrCAst-EUCAST) [26].

2.3. Statistical analysis

Data analysis was performed using IBM SPSS Statistics 22 software [27]. Initially, descriptive
statistics of the analyzed variables were performed using frequency tables and graphs. For numerical
variables, the minimum, maximum, mean, and standard deviation estimates were calculated.
Subsequently, the normality of numerical variables (age, time since formation, number of species
before and after antisepsis) was evaluated using the Shapiro Wilk test, as all of them presented a p
value <0.05, indicating that they did not have a normal distribution and therefore should be evaluated
through nonparametric tests.

The evaluation of the presence or absence of microorganisms before and after hand antisepsis
was performed using the McNemar nonparametric test. For the evaluation of the number of species
per individual at both times (before and after) concerning hand antisepsis, the Wilcoxon
nonparametric test was used. The evaluation of the effect of the surgeon’s gender with numerical
variables was performed using the nonparametric Mann-Whitney test. The association of nominal
variables with the 2 groups (before and after antisepsis) was performed using the chi-square test for
independence. In all tests, the significance level (a) used was 5%, that is, differences were considered
significant when p was <0.05.

2.4. Ethical aspects of research

This project was submitted and approved by the Research Ethics Committee of the University
Hospital of the Federal University of Maranhdo under opinion number 2.638.389/2018. All
participants read, approved and signed the informed consent form.
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3. Results

3.1. Microbiological identification of microorganism species

In this study, we evaluated the presence of microorganisms in the hands of 131 surgeons
working in different specialties at a university hospital in the city of Sdo Luis-MA. The results of the
microbiological analyses of the samples collected before handwashing showed that there was growth
of microorganisms in all 131 samples, with a frequency of 283 isolates belonging to 68 different
species of microorganisms, among which 217 (76.7%) were gram-positive bacteria, 55 (19.4%) were
gram-negative bacteria, and 11 (3.9%) were fungi (Table 1).

In both cases, there was a predominance of gram-positive microorganisms on the evaluated
hands; the presence of 133 isolates distributed across 11 different species of the Staphylococci genus
corresponded to 61.3% of the isolates, followed by 44 strains of Micrococcus luteus, which represented
20.26% of the isolates recovered before washing hands.

After hand antisepsis, 25 isolates of Staphylococcus spp. were detected, representing 92.5% of all
microorganisms obtained after the washing procedure, and the most-detected isolates were
Staphylococcus warneri and Staphylococcus capitis. Micrococcus luteus was also prevalent after antisepsis
(Table 1).

Table 1. Frequency distribution of microorganism species isolated before surgical antisepsis of the
hands.

gram-positive % gram-negative % fungus %

n.
Aerococcus viridans 0.45 Acinetobacter baumanii 9.11 Aspegillus versicolor 2 18.20
1
4

n. n
1 5
Bacillus simplex 1 045 Acinetobacter ursingii 2 3.63 Candida haemulonii 9.10
Brevibacterium casei 2 0.90 Acinetobacter variabilis 2  3.63 Candida parapsilosis 36.30
Pichia kudriavzevii
Brevi ] 7 21 A j ] 1 1 1 91
revibacterium celere 3 spergillus fumigatus 82 (C. krusei) 9.10
Rhodothorul
B. ravenspurgense 1 045 Citrobacter sedlakii 1 1.82 oroToTIa 1 9.10
mucilaginosa
Corynebacterium casei 1~ 045  Enterobacter cloacae 2 3.63  Trichosporon asahii 1 9.10
Tri
C. minutissimum 1 045 Enterococcus faecalis 1  1.82 rlzchos;.oorum 1 9.10
japonicum
C. simulans 1 045 Klebsiella pneumonige 1  1.82
'De.rmac.occus ' ’ 090 Methylobacterzum 118
nishinomiyaensis radiotolerans
Kocuria kristinae 1 045  Moraxela osloensis 2 3.63
Kocuria marina 2 090 Moraxella spp 1 1.82
Micrococcus luteus 44 20.26  Pantoea dispersa 2 3.63
bacill
Oceancbaci " 1 045 Pantoea septica 2 3.63
onocorhynchi
p
Penicilliumspp 1 045 seudontonas 1182
aeruginosa
Rhodococcus equi 1 045 Pseudorfzonasl 1 182
extremorientalis
Bacillus cereus 7 321 Pseudomonas gessardi 1 ~ 1.82
Bacillus clausii 1 045 Pseudomonas stutzeri 2  3.63
Bacillus megaterium 1 045 Serratian marcescens 2  3.63
Bacillus pumilus 1 045 Burkholderia lata 1 182
. . Mixta calida (Pantoea
B. 1 4 2 .
amyloliquefaciens 0.45 callida) 3.63
B. thermoamylovorans 1~ 0.45  Neisseria subflava 1 1.82
Lactobacillus paracasei 1~ 0.45 Rhizobium radiobacter 1  1.82
Staphylococcus aureus 6 2.76  Roseomonas mucosa 5  9.11
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S. arlettae 1 045 Stenotrop ho.rrfonas 15 2727
maltophilia
S. capitis 12 552
S.caprae 1 045
S. cohnii 10 4.60
S. epidemidis 40 18.40
S. haemolyticus 19 875
S.hominis 10 4.60
S. saprophyticus 10 4.60
S. sciuri 1 045
S. warneri 23 10.59
S. xylosus 2 090
Streptocoa.:uls 045
parasanguinis
Streptomyces nogalater 2 0.90
Total 217 100.0 55 100.0 11 100.0

Legend: n. = number of isolated.

Microbiological analyses of the swabs obtained from the hands of the 131 surgeons after the
antisepsis process showed that no microorganism grew from 88 (72.5%) of the samples, but there was
growth of 49 colonies in samples from the hands of 36 (27.5%) surgeons. (Table 2).

The identification carried out by MALDI-TOF showed 27 different species of microorganisms
with the presence of mixed infections in 8 (22.2%) of these samples, where it was possible to verify
the predominance of gram-positive microorganisms on the hands of these surgeons after surgical
antisepsis (Table 2). In addition, some fungal species were identified before and after the antisepsis
process, including Candida parapsilosis, Aspegillus versicolor, and Trichosporon asahii (Tables 1 and 2).

Table 2. Distribution of the frequency of 49 species isolated from the hands of 36 surgeons who
presented contamination after the surgical antisepsis process.

species type N. % mixed contamination N. %
Acinetobacter baumanii gram-neg. 1 2.0 S.warneri, M. luteus, K. kirstinae 1 2.0
Pantoea septica gram-neg. 1 2.0 S.warneri, A. baumanii, M. luteus 1~ 2.0
Pseudomonas aeruginosa ~ gram-neg. 1 2.0 T. asahii. B. lata, M. luteus 1 20
Pseudomonas gessardi gram-neg. 1 2.0 S. cohnii, M. luteus 1 20
Serratia marcescens gram-neg. 1 2.0 S. xylosus, S. conhnii 1 20
Burkholderia lata* gram-neg. 1 2.0 A.versicolor, C. parapsolosis 1 20
Stenotrophomonas maltophilia gram-neg. 2 4.0 S. capitis, M. luteus 1 40
subtotal 8 163 S. warneri, S. saprophyticus 1 20
subtotal 8 163
Bacillus cereus gram-pos. 2 4.0
Bacillus simplex gram-pos. 1 2.0
Brevibacterium ravenspurgense gram-pos. 1 2.0
Dermacoccus nishinomyaensis gram-pos. 1 2.0
Kokuria kirstinae * gram-pos. 1 2.0
Micrococcus luteus * gram-pos. 6 122
Staphylococcus warneri *  gram-pos. 7  14.2
Staphylococcus aureus gram-pos. 1 2.0
Staphylococcus capitis * gram-pos. 6 12.2
Staphylococcus caprae gram-pos. 1 2.0
Staphylococcus cohnii * gram-pos. 3 8.2
Staphylococcus epidermidis ~ gram-pos. 2 4.0
Staphylococcus haemolyticus gram-pos. 1 2.0
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Staphylococcus hominis gram-pos. 2 4.0
Staphylococcus saprophyticus * gram-pos. 1 2.0
Staphylococcus xylosus *  gram-pos. 1 2.0

subtotal 37 75.5

Aspegillus versicolor * fungus 1 2.0
Candida parapsilosis * fungus 2 4.0
Trichosporon asahii * fungus 1 2.0
subtotal 4 8.2

Total 49 100 8 100

Legend: Neg = negative. Pos = positive.

3.2. Antimicrobial susceptibility tests

The results of antimicrobial susceptibility tests for gram-positive microorganisms isolated from
the hands of physicians after surgical antisepsis obtained by the BD Phoenix™ automated system
(AST-Pmic89) showed sensitivity for all isolates evaluated, and only S. aureus presented an
intermediate profile of sensitivity to levofloxacin. The results of the automated system Vitek2 (AST-
N408) for the susceptibility profile for glucose-fermenting and nonfermenting gram-negative
microorganisms showed that Pseudomonas aeruginosa was resistant to the carbapenems imipenem and
meropenem; P. gessardi was resistant to aztreonam; and Serratia marcescens was resistant to ampicillin.
The other results are shown in Table 3.

It is important to note that no growth of microorganisms was observed in any of the 12 water
samples collected from the two lavatories that were used for handwashing before surgical
procedures.

Table 3. Antibiotic resistance profiles obtained by the automated Vitek2 system for gram-negative
non-fermenting bacilli and glucose-fermenting bacilli isolated from surgeons’ hands after an
antisepsis process.

glucose-
non-glucose fermenting bacilli fermenting
bacilli
microorganisms Acinetob Serratia
Stenotrophomo acter Pseudomonas Pseudomon Burkhold Pantoea
. . . . marcesce
e nas maltophilia bauman aeruginosa as gessardi eria lata septica
antibiotics ..
n=2 nii n=1 n=1 n=1 n=1
n=1
n=1
amikacin - Sus. Sus. Sus. Na Sus. Sus.
ampicillin - - - - - - Res.
aztreonam - - - Res. Na - -
cefepime - - Int. - Na Sus. Sus.
ceftazidime - - Int. Int. Na - Sus.
ceftazidime-avibactam - - - Sus. Na - -
ceftriaxone - - - - Na Sus. Sus.
ciprofloxacin - Sus. Int. Int. Na Sus. Sus.
gentamicin - Sus. - - Na Sus. Sus.
imipenem - Sus. Res. Int. Na Sus. Sus.
meropenem - Sus. Res. Sus. Na Sus. -
piperacillin-tazobactam - - Int. Int. Na - Sus.
Levofloxacin Sus. Int. Int. Int. Na Sus. -
Sulf +
" a’methoxa’zole Int. Int. - - Na Sus. -
trimethoprim

Legend: Na= Not applicable; Sus= susceptible; Int= Intermediary; Res= Resistan.
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3.3. Statistical analysis

Statistical analysis of the frequency distribution of the sociodemographic variables of the 131
surgeons analyzed showed that 108 (82.4%) were men and 23 (17.5%) were women.

The McNemar test for the presence and absence of microorganisms on the surgeons’ hands
before and after surgical antisepsis showed a very high frequency (100%) before washing, and after
antisepsis, this frequency dropped significantly (p<0.05) to 27.5%. The Mann-Whitney test of
numerical variables in relation to the surgeon’s gender showed that the surgeon’s gender had a
significant influence (p<0.05) only on the physician’s age; on average, the women were younger than
the men. Sex had no influence on the other numerical variables.

Concerning age, time since graduation, specialties, and titration, the results are shown in Table
4. The age groups with the highest number of surgeons were from 30 to 39 years (32.8%) and 40-49
years (22.9%). Most of them, 49 (37.4%), were between 1 and 5 years after graduation; only 14 (10.7%)
were more than 30 years post-graduation. As for the specialty, the two most prevalent were general
surgery (42, 32.1%) and orthopedics (27, 20.6%). Regarding their degrees, 73 (55.7%) were specialists,
and only 7 (5.3%) had a doctorate (Table 4).

Table 4. Frequency distribution of socio-demographic variables among the 131 interviewed

surgeons.
variables number percentage (%)

<30 27 20.6

30-39 43 32.8

age group 40-49 30 22.9
50-59 20 15.3

60-69 8 6.1

70 ou + 3 2.3

la5 49 37.4

6al10 25 19.1

11a15 13 9.9

time since graduation (years) 16 a20 9 6.9
21a25 6 4.6

26 a30 15 11.4
>30 14 10.7

General surgery 42 32.1

Orthopedics 27 20.6

Urology 11 8.4

Vascular surgery 9 6.9

Digestive system 8 6.1

Cardiac surgery 7 53

specialties Coloproctology 6 4.6
Neurosurgery 6 4.6

Head neck 4 3

Maxillary mouth 3 2.3

Plastic surgery 3 2.3

Otorhinolaryngology 3 2.3

Thoracic Specialties surgery 2 1.5

Resident 39 29.8

. . Specialist 73 55.7

titration

Master 12 9.2

Doutor 7 53

d0i:10.20944/preprints202306.0776.v1
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Data from clinical variables on how to perform the surgical antisepsis process (brushing time,
sequence, products used), knowledge of international safety goals, risk of infection in surgery, safe
surgery protocol, and occurrence of surgical site infection (ISC) are presented in Table 5. The results
obtained showed that 100 (76.3%) of the surgeons spent 3 to 5 min in the brushing process, 73 (55.7%)
performed the technique correctly, 104 (79.4%) used chlorhexidine, and 91 (69.5%) safe surgery
protocol (Table 5).

Of the 100 surgeries performed by the 131 physicians after antisepsis of the hands, laparoscopic
cholecystectomy was the most common surgical procedure, accounting for 15 (11.4%) (Table 6).

Table 5. Frequency distribution of clinical variables in surgical hand antisepsis by surgeons and safety

goals.
variables n %
.. 2 25 19.1
brushing time 3t05 100 763
(minutes)
>5 6 4.6
Correct 73 55.7
seqiience Incorrect 58 44.3
Water plus povidone 3 2.3
product Chlorhexidine 104 79.4
Povidone jiodine 24 18.3
Contaminated 8 6.1
risk of infection in Infected 7 53
surgery Clean 91 69.5
Potentially contaminated 25 19.1
knows the six In part 83 63.3
international patient No 30 23
safety goals Yes 18 13.7
Ignore 45 34.1
1- Correctly identify the patient 70 53
2- Improve communication between health 6 45
professionals
what is the goal * 3- Improve s.af.ety il"l the prescr'ipti'on, use and 9 6.8
administration of medications
4- Ensure surgery in the correct intervention site,
procedure, and patient 88 667
5- Sanitize your hands to avoid infections 26 19.7
6- Reduce the risk of falls and pressure ulcers 11 8.3
responds to safe No 31 23.7
surgery protocol Yes 100 76.3
cirurgical site lgnore 15 14
infection (551 No o1 095
Yes 25 19.1
Legend. * = multiple answers.
Table 6. Frequency distribution of types of procedures performed after antisepsis of hands.
type of surgery n % type of surgery n %
laparoscopic cholecystectomy 15 114 thyroidectomy 2 15
tibial osteosynthesis 7 53 wrist fracture 2 1.5
inguinal hernioplasty 6 5.3 valve replacement 2 1.5
appendectomy 6 3.8 abdominoplasty 1 0.8
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prostatectomy 5 hand amputation 1 0.8
discectomy 4 3 brain aneurysm 1 0.8
carotid endarterectomy 4 3 maxillary antrostomy 1 0.8
laparotomy 4 3 spine arthrodesis 1 0.8
myocardial revascularization 4 3 hip arthroplasty 1 0.8
thigh amputation 3 2.3 knee arthroscopy 1 0.8
gastroplasty 3 23 thyroglossal cyst 1 0.8
hemorrhoidectomy 3 2.3 colectomy 1 0.8
femur osteosynthesis 3 2.3  pancreaticoduodenectomy 1 0.8
intestinal transit reconstruction 3 23 chest tumor excision 1 0.8
bone tumor resection 3 2.3 fasciotomy 1 0.8
tracheostomy 3 23 arteriovenous fistula 1 0.8
choledochotomy 2 15 cerebrospinal fluid fistula 1 0.8
hand debridement 2 15 mandibular fracture 1 0.8
leg debridement 2 1.5 hepatectomy 1 0.8
excision of saliva calculus 2 15 incisional hernia 1 0.8
brain tumor excision 2 15 lymphadenectomy 1 0.8
open fracture leg 2 15 mammaplasty 1 0.8
gastrectomy 2 1.5 mastectomy 1 0.8
hysterectomy 2 1.5 nephrectomy 1 0.8
shoulder arthroscopy 2 1.5 radius osteosynthesis 1 0.8
laparoscopic nephrectomy 2 15 transurethral resection of 1 0.8

the prostate

wrist osteosynthesis 2 1.5 thoracoscopy 1 0.8
sinusotomy 2 1.5 urethroplasty 1 0.8

4. Discussion

In the present study, the results of the evaluation of the microbiological profile of the hands of
resident physicians, specialists, masters, and doctors before and after surgical antisepsis showed that
despite the existence of a compulsory protocol for daily use in the researched hospital, the frequency
rates of microorganisms on the hands of the evaluated surgeons were very high at both timepoints:
before handwashing, (100%) and after this procedure (27.5% of the doctors still preserved
microorganisms in their hands).

The importance of hand antisepsis for patient safety is not a new concept. Ignaz Philip
Semmelweis, in 1847, established an important correlation between medical care and a higher
maternal risk of puerperal fever since the rates were much lower when parturients were assisted by
midwives [28].

The high prevalence of gram-positive bacteria found before and after the antisepsis procedure
in the evaluated professionals’ hands, especially by species of the Staphylococci genus, can
theoretically be explained, as these are part of the microbiota of the human skin and mucosa [29];
however, their permanence in the hands of surgeons after antisepsis is a worrying fact because these
microorganisms are important opportunistic pathogens that have shown high rates of involvement
in infections in hospitalized patients [30,31].

The presence of different species of microorganisms, such as Staphylococcus warneri,
Staphylococcus capitis, Staphylococcus hominis, Staphylococcus hemolyticus, Micrococcus luteus,
and Stenotrophomonas maltophilia, on the hands of surgeons after antisepsis calls attention to one
more complicating factor for the hospital unit in question, and it is worth noting that 8 professionals
from the same team of doctors work at another public hospital in Sao Luis-MA. Szemraj et al. [32]
emphasize the importance of coagulase-negative staphylococci, including S. hemolyticus, S. hominis,
S. warneri, and S. simulans, as etiological agents of serious infections.

The hospital environment is especially favorable to the circulation of numerous species of
microorganisms, pathogenic or not, as it has its own characteristics, including the high flow of sick
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people, companions, visitors, cleaning teams, kitchen staff, nurses, doctors, and laboratory workers,
among other groups [33]. In addition, there are factors related to the constant, and sometimes
indiscriminate, use of different classes of antimicrobials, which add to the need for invasive
procedures; the use of beds in intensive care units; the use of equipment for diagnostic tests; the
microbial load on the surfaces of walls and bedroom furniture, door handles, sinks, toilets, and
faucets; in short, there is a highly complex dynamic involved in the operation of a hospital that makes
it difficult to pinpoint where outbreaks of infection begin [4,6-8,33].

The findings on the hands of physicians after antisepsis, described in Table 2, should not be
ignored, as the presence of several bacterial species being carried by the surgeons themselves to the
hospital raises interest in the occurrence of HAI by microorganisms with a potential opportunistic
nature. Among these, Bacillus cereus stands out; it is a ubiquitous sporulated bacillus present in the
soil and food that can easily be taken to the hospital environment through the skin and has been
implicated in nosocomial infections [34]. Bacillus simplex is a microorganism of the environment
whose habitat is soil; a recent report documented the occurrence of infection in a traumatic injury
[35].

Kokuria kirstinae can colonize the skin, mucous membranes, and oropharynx, having already
been associated with invasive infections in immunocompromised patients, especially children [36—
39]; Brevibacterium ravenspurgense may be present on human skin; no reports of involvement of this
species in HAIs were found, and its detection in the present study may represent an alert for infection
control committees. However, there is a prior report of commensal B. casei in a child with acute
leukemia [40].

The gram-negative bacillus Stenotrophomonas maltophilia can be found in plants, in soil, and on
the surface of human skin. Cases of infections in the respiratory and intestinal tracts have been
described in immunocompromised patients with malignant tumors, diabetes, and the use of
immunosuppressants [41]. In addition, large outbreaks of infections caused by Acinetobacter
baumannii and Pseudomonas aeruginosa have been documented and implicated in HAIs worldwide, as
these bacteria are considered opportunistic pathogens that carry genes that confer multiresistance
profiles to several classes of antimicrobials [42].

Interestingly, the isolates recovered from surgeons’ hands after an antisepsis process, such as
gram-negative nonfermenting bacilli P. aeruginosa and P. gessardi, showed profiles of resistance to
carbapenems, imipenem and meropenem, and to aztreonam, respectively. However, the glucose-
fermenting bacilli Serratia marcescens was resistant to ampicillin. Among the species of the genus
Pseudomonas, P. aeruginosa is considered an important cause of HAIs and is one of the major resistant
gram-negative pathogens [17].

Candida species, which emerged as opportunistic pathogens, including C. parapsilosis and other
fungi such as Aspegillus versicolor, Rhodothorula mucilaginous and Trichosporon asahii, are involved in
invasive infections in immunocompromised patients, mainly those with cancer, undergoing organ
transplants, or receiving immunosuppressant drugs after transplantation pathogens [43].

The analysis of the sociodemographic data of the evaluated surgeons showed a low number of
physicians with a doctorate; most of them were between 30 and 39 years old, and they had a short
time since graduation, from 1 to 5 years. In view of the above, it is noteworthy that, naturally,
surgeons use sterile gloves, but if some are not able to perform the correct antisepsis of the hands
when putting on the gloves, they could contaminate the gloves during this process and, in this case,
become a source of infection for their patient during the surgical procedure.

5. Conclusions

The results of this study showed that the surgeons of the researched hospital use the
handwashing protocol inefficiently because there is a high frequency of microorganisms after the
antisepsis process. Hand hygiene practices should be reinforced, and in this scenario, greater
adherence to strict protocols is needed through the adoption of educational strategies and policies
aimed at surveillance, management and control of HAIs, mainly surgical site infection if barriers such
as gloves are punctured.
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