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and GEN. The MLM23B07, MLMI14B99,
MLM25B06, and MLM18B10 strains were the most
highly resistant to the drugs used, with 53.3%, 46.6%,
46.6%, and 40% resistance, respectively. The
MLMS8B096, MLM21B09, MLM30B24, MLM36B46,
MLMI11B11, and MLM28B05 strains showed
resistance against three to four of the 15 antibiotics
(Table 2). Forty percent of the Bacillus strains showed
intermediate resistance against CTX and CRO, 30%
showed resistance against AMK, and 10% showed
resistance against CIP, ERY, and CHL. The
MLMS8B096 and MLM30B24 strains showed the
highest intermediate resistance level (20%) against the
drugs, followed by MLM14B99, MLM23B07 and
MLM25B06  (13.3%) and MLM21B09 and
MLM36B46 (6.7%).
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The MLM22EO0S strain (MAR index = 0.47), which
shared identity with FEnterococcus sp., presented
resistance to seven of the 15 drugs tested. The strain that
shared identity with Atlantibacter sp. (MLM33A13)
showed resistance against 26.6% of the drugs and
intermediate resistance against 13.3% of the drugs
(Table 2).

The results of UPGMA-based hierarchical
clustering analysis revealed a resistance pattern to
PENSs across all strains (Figures 2 and 3). Resistance
patterns to NET, ERY, SXT, and GEN were observed
in strains related to S. epidermidis and B. pumilus.
Susceptibility patterns were found for AMK, CIP, TET,
NIT, and CHL. Regarding hierarchical clustering of
taxa, Staphylococcus spp., Bacillus spp., B. pumilus, B.
subtilis, and S. epidermidis-hominis were the taxonomic

Figure 2. UPGMA-based hierarchical clustering and heatmap of antibiotic susceptibility values for isolated bacteria.

The left dendrogram shows taxonomic associations based on the phylogenetic tree inferred in this study. The tree distances indicate the taxonomic clustering
of strains. The upper dendrogram indicates the hierarchical clustering of antibiotic susceptibility values with bootstrap node support (node cut-off < 50).
The central heatmap indicates the different categorical values of susceptibility marked by coloured bars (white = undefined susceptibility, blue = sensitive,
purple = intermediate, red = resistant). An MAR index heatmap is also presented using a two-bar scale. The main bar indicates the observed MAR index
values, and the secondary bar details the MAR index values. TET = tetracycline, CIP = ciprofloxacin, ERY = erythromycin, CHL = chloramphenicol, GEN
= gentamicin, AMK = amikacin, AMP = ampicillin, CEF = cephalothin, CTX = cefotaxime, DCX = dicloxacillin, CRO = ceftriaxone, NET = netilmicin,
NIT = nitrofurantoin, PEN = penicillin, SXT = trimethoprim-sulfamethoxazole, R = resistant, I = intermediate, S = sensitive.
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groups with the most extensive antibiotic resistance
profiles (Figure 3).

Discussion

Dynamic movement in the hospital environment is
a factor determining the transfer of pathogens and
resistance genes, with hand contact being the principal
means of transmission [5,8]. In the present study, the
molecular identification and evaluation of the resistance
to different antibiotics of bacteria isolated from the
palmar area of patients’ companions who were present
in the waiting area of a hospital were performed.

Phylogenetic analysis by Bayesian inference and
ML generated a robust tree with high node support
values, grouping similar sequences and indicating close
relationships. The Staphylococcus group (clade I)
showed species variability, highlighting S. aureus and
the great diversity of coagulase-negative staphylococci.
The topology was similar to that in previous reports
using the complete 16S rRNA gene and other molecular
markers (dnal, rpoB, and tuf gene fragments) [31]. The
Bacillus group (clade 1) displayed a dichotomy with
the representative subclades B. subtilis and B. pumilus.
This classification is consistent with that in previous
reports [32,33]. In the Enterococcus group (clade III),
the MLM22EOQS strain shared high identity with the
species E. hirae, E. mundtii, E. durans, and E. faecium.
According to the complete analysis of the 16S rRNA
gene of Enterococcus, this strain belongs to the same
taxon as E. faecium [34]. In Enterobacterales (clade
V), the MLM33A13 strain had particularly high
homology with the 4. hermannii CIP strain. Recently,
this strain was identified as a new genus within the
family through concatenation of multilocus 16S rRNA
and atpD-gyrB-infB-rpoB [35]. Meanwhile, two strains
showed low percent identity and were paraphyletic
within the Staphylococcus clade (MLM16S23) and B.
subtilis subclade (MLM18B10). Based on these criteria,
these strains could be new bacterial taxa within their
genera.

The bacterial diversity found herein is consistent
with that described in previous scientific literature, both
on the hands of health personnel [4,6,10] and in the
community [9,36]. Similar to findings of Ragusa et al.
[13] and Cohen ef al. [11], who evaluated surfaces that
visitors regularly come in contact with, much of the
bacterial load detected in this study corresponded to the
normal hand microbiota. Nevertheless, in the literature,
commensal species also correspond to principal
opportunistic and nosocomial pathogens, such as S.
aureus and S. epidermidis, and transitory bacteria, such
as Enterobacteriaceae [1,2].
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In this study, antibiotic susceptibility testing
showed that 100% of the strains were resistant to AMP,
while 94.7% were resistant to DCX and PEN. These
drugs represent the first line of treatment for infections
in primary care, so this result has implications for the
treatment of infections caused by these resistant
bacteria [2,37,38].

The resistance shown by species of clinical
importance, such as S. aureus, S. epidermidis,
Enterococcus species, and the transitory Atlantibacter
species, varied among groups of antibiotics. The strain

Figure 3. UPGMA-based hierarchical clustering and frequency
heatmap of antibiotic susceptibility values for isolated bacteria.
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The left dendrogram indicates the hierarchical clustering of antibiotic
susceptibility values with bootstrap node support (node cut-off < 50) and
antibiotic resistance patterns (I-IV). The upper dendrogram show the
clustering of taxa by susceptibility profiles. The circles on the heatmap
indicate the relative frequencies of each susceptibility value shown by
the upper-left circle (white = undefined susceptibility, blue = sensitive,
purple = intermediate, red = resistant). An MAR index heatmap is also
presented with a two-bar scale. The main bar indicates the MAR index
values observed, and the secondary bar shows details of these values. 1
= resistance pattern to penicillins; II= resistance pattern to
cephalosporins; 111 = resistance pattern to NET, ERY, SXT, and GEN;
IV = resistance pattern to AMK, CIP, TET, NIT, and CHL. TET =
tetracycline, CIP = ciprofloxacin, ERY = erythromycin, CHL =
chloramphenicol, GEN = gentamicin, AMK = amikacin, AMP =
ampicillin, CEF = cephalothin, CTX = cefotaxime, DCX = dicloxacillin,
CRO = ceftriaxone, NET = netilmicin, NIT = nitrofurantoin, PEN =
penicillin, SXT = trimethoprim-sulfamethoxazole, R = resistant, I =
intermediate, S = sensitive.
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belonging to the S. aureus taxon (MLM5S094) showed
high sensitivity, except against the PEN group, a result
that is consistent with the findings of Sanchez et al.
[39], who conducted a community susceptibility study
where the S. aureus strain was found to be sensitive to
most drugs, except for TET. In contrast, susceptibility
studies of S. aureus strains isolated from clinical
samples showed multiresistance patterns [9,40].

The strains associated with the S. epidermidis group
represent an important reservoir of mobile genetic
elements that can cause resistance to not only -lactam
antibiotics but also other antibiotic families and can be
transferred to related species, such as S. aureus, leading
to the emergence and spread of resistant strains [41]. A
multiresistance profile has been observed in isolates
from both clinical samples [42-44] and environmental
samples [14]. The ubiquity of S. epidermidis and other
coagulase-negative staphylococci is attributed to the
fact that these bacteria are part of the skin microbiota
and are easily disseminated; this also positions these
bacteria among the most prevalent nosocomial
pathogens [15].

Similarly, six strains of the Bacillus group
(MLM8&B096, MLM14B99, MLM18B10,
MLM30B24, MLM23B07, and MLM25B06) showed a
multiresistance profile, exhibiting varying resistance
patterns, a phenomenon that has also been reported by
other authors [45,46]. Although the species found in
this study (B. subtilis and B. pumilus) are infrequent
pathogens, there is evidence of infections caused by
these bacteria in immunocompromised individuals [47],
in addition to their being considered a possible source
of antibiotic resistance gene transfer [46].

On the other hand, Enterococcus species and
members of the Enterobacteriaceae family are bacteria
that belong to the normal microbiota of the human and
non-human animal intestine, and other media behave as
potential reservoirs for colonization by these bacteria
via faecal contamination [48]. These bacteria have
shown an increase in antibiotic resistance secondary to
various intrinsic and acquired mechanisms that
predispose them to antibacterial evasion. The most
common mechanisms regarding intrinsic resistance
include PEN-binding proteins for Enterococcus and -
lactamases, such as those encoded by ampC genetic
determinant in Enterobacteriaceae [49,50]. In this
study, the multi-drug-resistant strains of Enterococcus
(MLM22E08) and Atlantibacter (MLM33A13) showed
no susceptibility to PEN, cephalosporin, and
aminoglycoside  antibiotics, and MLM22E08
additionally showed resistance to a fluoroquinolone
(CIP). Members of both groups, mainly isolates from
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patients with urinary tract infections, have been
reported to have high resistance to PENs and
aminoglycosides ~ [51-53].  Likewise,  resistant
Enterococcus strains have also been found to be
potential contaminants from the hands of health
personnel, fomites, and hospital surfaces [10].

In general, 52.6% of the strains in this study showed
multidrug resistance. MAR indexes were found to be >
0.20, not exceeding 0.53 for strains and 0.47 for
taxonomic groups. A value of 0.20 is associated with
high-risk sources for which antibiotic use is
predominant, and > 0.40 is associated with human
faecal contamination [29]. Notoriously, hospital
settings are places of constant antibiotic use against a
wide range of bacterial organisms, which generates
selective pressure over multiple antibiotic-resistant
organisms, enhancing the emergence of difficult-to-
treat nosocomial infections and the potential
dissemination of these bacteria from the hospital to the
community [54]. Although we observed antibiotic-
resistant bacteria on the palmar skin surfaces of
patients’ companions in a hospital, we did not
necessarily determine the real origins of these bacteria,
which gives rise to the following question: Did these
bacteria emerge from the hospital environment, or were
they introduced by the companions from the
community? The importance of antibiotic resistance
and its spread is increasingly being recognized, both in
clinical settings and in the community [55]. The
evolution of antibacterial-resistant bacteria is attributed
to a multitude of factors, highlighting the widespread
use of antimicrobials and their inappropriate
applications, such as self-medication [8,38,56]. Control
of the transmission of pathogens is based on compliance
with preventive measures such as hand hygiene, use of
protective equipment, cleaning and decontamination
[57]. Programmes have been established in hospitals for
the implementation of various prevention practices;
however, these programmes are aimed primarily at
healthcare workers [58], while the policies aimed at
visitors are not as rigorous. Furthermore, individuals
sometimes show hostility and refuse to comply with
recommendations for prevention [59], or there is a lack
of awareness regarding the importance of compliance
with control and hygiene practices [60].

Importantly, this research highlighted bacteria
resistant to antibacterial drugs, mainly PENSs, that are
commonly part of the normal microbiota of people who
accompany patients in medical consultations. Thus,
these people could be carriers and transmitters of
opportunistic pathogens.
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Conclusions

The dissemination of bacteria resistant to antibiotics
by patients’ companions in hospitals is a dynamic
process that could contribute to the increased burden of
nosocomial infections as well as to their failed
treatment. Specifically, the presence of the hospital-
associated  pathogens  FEnterococcus, coagulase-
negative Staphylococcus, and Enterobacteriaceae with
well-known patterns of antibiotic resistance, mainly to
beta-lactams and, to a lesser extent, aminoglycosides
and folate pathway antagonists, residing on the palmar
surfaces of visitors creates an unnoticed vehicle for the
spread of these germs and their subsequent antibiotic
resistance. This increases antibiotic resistance in
clinical and societal settings, as patients’ companions
return to the community from hospitals upon
concluding their wvisit. The dissemination and
acquisition of these bacterial organisms show the need
for visitors to practice adequate control and hygiene
measures, including hand, common-use objects, and
surface decontamination, to reduce the spread of these
bacteria and their antibiotic resistance mechanisms
inside and outside the hospital environment.

Furthermore, this research provides evidence of
potential new bacterial taxa that reside on the palmar
skin surface and could be found in hospital
environments, functioning as potential novel agents of
nosocomial infections. Future research on the dynamics
of bacterial shedding in hospitals should address this
previously overlooked issue.
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