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During the Covid-19 pandemic period, the indiscriminate use of macrolide-class antibiotics was frequent among
the Brazilian population due to the lack of knowledge and information with a scientific basis. Thus, the class of
drugs that includes azithromycin, clarithromycin, and erythromycin, which alter metabolic reactions in the body
and act on the immune system, was widely used without medical prescription. Samples of bacterial strains from
hospital environments were obtained during the most extensive spread of Covid-19 and studied in the present

article, emphasizing the investigation for macrolide resistance genes (erm and msr) and bacteria of the genus
Staphylococcus isolated from urinary tract infections. In addition, the physiological, genetic, immunological, and
socio-epidemiological aspects were highlighted with a focus on the One Health approach and implications on the
gut-brain axis in this integrative research, revealing that the inappropriate use of antibiotics directly affects
entire communities, representing a significant concern for public and environmental health.

1. Introduction

Antimicrobial resistance (AMR) is the ability of a microrganism to
resist the effects of medication previously and actively used to eliminate
it, such as macrolide class chemicals (e.g., azithromycin, erythromycin,
and clarithromycin). The indiscriminate use of these drugs interferes
directly against resistant bacterial strains, considering the availability
and the complex and slow process of creating new antibiotics [1]. Cur-
rent antibiotics must maintain the lowest possible resistance profile to
mitigate these effects, and the rationalization of their prescription has a
predominant role in this objective [2].

Macrolides are bacteriostatic antibiotics; that is, they inhibit bacte-
rial growth, triggering effective immune system mechanisms to
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eliminate the pathogenic agents of the hypothetical infection acting by
inhibiting the production of vital proteins [3]. In addition, macrolides
will bind reversibly to a region of the larger subunit of the ribosomes
(sites A and P) of the susceptible microrganisms, inhibiting the trans-
location of the chain of peptides, performed by a ribosomal protein
called peptidyl transferase [4]. In this sense, the indiscriminate use of
macrolides induces several mutations through biochemical and genetic
mechanisms involved in bacterial resistance, such as mutations (alter-
ation of the drug binding site), acquisition of resistance genes (mediated
by plasmids and transposons), or efflux pumps that expel the drug from
the bacterial cell [5,6]. In addition, the production of biofilms and the
possibility of adaptation and tolerance by such pathogenic bacteria is a
significant concern among clinicians and healthcare managers [7,8].
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Table 1
Classification of bacterial samples and resistance profile according to patient database.
Sex Age Identification of Microrganism Sensitive standard dose Sensitive Resistance
(Years) the sample increased dose

Male 82 13668 Staphylococcus Gentamicin, linezolid, trimethoprim/ - Penicillin, erythromycin,

warneri sulfamethoxazole, and rifampicin cefoxitin, levofloxacin,
clindamycin,

Female 26 1242 Staphylococcus Cefoxitin, gentamicin, clindamycin, linezolid, Levofloxacin Erythromycin

xylosus rifampicin, trimethoprim/sulfa, vancomycin,
nitrofurantoin

Female 37 14152 Staphylococcus Cefoxitin, gentamicin, clindamycin, linezolid, Levofloxacin Erythromycin
saprophyticus rifampicin, trimethoprim/sulfa, vancomycin

Female 44 18209 Staphylococcus Cefoxitin, gentamicin, linezolid, rifampicin, Levofloxacin Clindamycin, erythromycin,
aureus trimethoprim/sulfa penicillin

Female 77 20034 Staphylococcus Clindamycin, erythromycin, gentamicin, linezolid, Levofloxacin cefoxitin, penicillin
aureus

Female 89 14645 Staphylococcus Cefoxitin, gentamicin, clindamycin, linezolid, Levofloxacin Erythromycin, trimethoprim/
epidermidis rifampicin sulfa

Female 90 20209 Staphylococcus Cefoxitin, gentamicin, clindamycin, linezolid, - Erythromycin
aureus rifampicin, trimethoprim/sulfa

The hindrance of bacterial resistance can be defined as a significant
threat to public health, and it is paramount that actions against the
exacerbated use of macrolides, considering the absence of dissemination
of information about AMR in society, as they directly impact the future
of humanity [9]. Then, considering the Covid-19 pandemic era, bacterial
strains of uroculture origin, which exhibit resistance factors, are of great
importance for understanding the environmental behavior of these
pathogens during their infections, which are already common in com-
munities [10].

Several factors contribute to Brazil’s high resistance to macrolides
and other antibiotics. In addition to the lack of strict regulation, the low
public awareness and the dissemination of misinformation about the
need for and effectiveness of antibiotics exacerbate the problem [11].
Furthermore, and in correlation with the One Health perspective, the
Covid-19 pandemic has further compounded the misuse of antibiotics, as
well as biocides, which have been linked to deadly co-infections caused
by pan-resistant microrganisms belonging to the Staphylococcus genus
(e.g., S. aureus, S. saprophyticus, and S. epidermidis) commonly found in
human tissues causing skin infections, pneumonia, endocarditis, and
osteomyelitis [12].

Many patients have received antibiotics as part of the treatment for
symptoms associated with Covid-19, even when a bacterial infection
was absent. This practice, regarding the macrolide resistance issue in
communities, corroborates an even more worrying situation and urges
immediate and coordinated measures to avoid an irreversible adverse
scenario [13]. In addition, the Gut-brain axis is evidenced in this context
in which the misuse of macrolides may interfere with natural micro-
biota, inhibiting part of the beneficial bacterial strains, causing immu-
nological disorders, and releasing pro-inflammatory factors [14].

Hence, a phenotypic and molecular investigation of macrolide
resistance factors in Staphylococcus, as well as their immunological im-
plications, becomes necessary in this integrative research as a way of
monitoring the pharmaco-ecological effects arising from reckless and
neglected measures during the Covid-19 pandemic from the environ-
ment to the health of animals, such as the treatment of bovine, avian,
porcine, and human bacterial infections [10,15]. The present study
raises concerns about the mismanagement of antibiotic use in clinical
and environmental situations and the One Health approach. It also fo-
cuses on its consequences on the gut-brain axis and immunological as-
pects by performing phenotypical and molecular assays on a significant
number of bacterial strains.

2. Materials and methods

The present study has a descriptive-discursive character, empha-
sizing primarily the phenotypical and molecular resistance aspects

present in bacterial strains from clinical samples of patients who
exhibited urinary tract infections in the pandemic scenario. Addition-
ally, the widespread and uncontrolled abuse of macrolides and immu-
nological and social information in the context were discussed. Thus,
objective searches were performed in the following databases: PUBMED,
SCIELO, and Google Scholar. In the search for the articles, the terms
"Antimicrobial resistance", "Pandemic", "Urinary infections", and
"Immunology of infections" were used without exclusion criteria. Still,
the most recent articles were given greater attention due to their higher
applicability.

Moreover, the clinical samples were obtained at the Hospital Unimed
of Lorena municipality in Sao Paulo, Brazil. Initially, 38 bacterial sam-
ples (among 34 patients) with possible resistance profiles were revealed;
however, a significant focus was given to urinary tract samples due to
their greater antimicrobial resistance and the horizontal transfer of ge-
netic mutations mediated by the environmental coexistence of the uri-
nary tract pathogenic microbiota, in which, seven samples were
submitted to molecular analysis (all strains information can be found in
supplementary files section I). These samples were cultivated and
identified, and their viability was proven within the Pontifical Catholic
University, Pocos de Caldas campus laboratories, Minas Gerais.

The sample size of the urinary tract bacterial strains was statistically
supported by this study’s highly reliable and valid results. The deliberate
adoption of a high precision (99,9 %), low level of significance (0.001),
and a one-sided test aimed to ensure a highly accurate estimative
minimizing the probability of type I error and focusing specifically on
the purposes of the research. This approach was carefully chosen to
mitigate the sample size limitation while aiming to reach statistically
substantial conclusions for the present study [16] (all mass spectrometry
type MALDI-TOF / TOF test specifications can be found in supplemen-
tary files section II).

Bacterial samples were collected and tested for sensitivity profile
using diffusion disc antibiogram (between September and December
2021), within the pandemic perspective, and subsequently, adequately
frozen and preserved for subsequent studies. In addition, the samples
originating from uroculture were genetically and phenotypically tested
using the Polymerase Chain Reaction (PCR) method. Also, their use for
scientific research was duly authorized via the declaration and term of
the science of the Hospital Unimed of Lorena-SP (all PCR tests details
can be found in supplementary files).

It is worth noting that the samples of urinary tract infections are
MRSA strains (S. aureus resistant to methicillin) and were also tested
against the following antibiotics: cefoxitin, gentamicin, clindamycin,
linezolid, rifampicin, trimethoprim/sulfa, vancomycin, nitrofurantoin,
levofloxacin, and penicillin, and if the profile of resistance to cefoxitin
was present, they were resistant to all penicillins and penicillin-based
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Fig. 1. Electrophoresis gel for PCR of erm and msr genes.

antibiotics. Finally, vancomycin sensitivity tests were performed using
the concentration gradient tape method. The bacterial strains were
cultured and averaged >100,000 CFU/mL count were obtained.

3. Results and discussion

In this integrative investigation, the results are separated into
experimental analysis (Sections 3.1 and 3.2) and literature-based dis-
cussion (3.3-3.6) regarding the interconnections of macrolide resis-
tance, immunological implications, gut-brain-axis and different aspects
of health sciences, such as the One-health approach.

3.1. Phenotypical characterization of strains

The urine culture test with an antibiogram aimed to identify and
count bacteria in samples, determining which antibiotics effectively
control these bacteria. In the samples of urinary tract infections obtained
from the Unimed Hospital of Lorena-SP, it was possible to identify the
species:  Staphylococcus aureus, S. saprophyticus, S. hominis,
S. haemolyticus, S. warneri, S. capitis, and S. epidermidis (see supple-
mentary material). The culture tests performed during the collection
period and two years later proved the easy reproducibility of the species,
which are fully viable and perform their primary metabolism. The
counting averaged 100,000 CFU/mL.

The antibiogram tests revealed that the analyzed strains exhibited a
resistance phenotype to penicillin, erythromycin, cefoxitin, levo-
floxacin, clindamycin, and trimethoprim/sulfamethox. In addition, they
have increased dose sensitivity to levofloxacin. It is notorious that
resistance to clindamycin is correlated to the resistance profile to all
penicillins, as well as with Methicillin-Resistant Staphylococcus aureus
(MRSA) strains (see Table 1).

According to Table 1, it is possible to observe that 85 % of the isolates
were obtained from females, which corroborates the epidemiological
data that show a higher occurrence of urinary tract infections in women
[7]. Another relevant data is the prevalence of diseases in older adults
(from 75 to 90 years of age), representing 57 % of the total individuals,
while the other three samples were obtained from individuals below the
middle-aged line (45 years). This data demonstrates older adults’
greater immunological susceptibility, observed mainly by bacterial in-
fections in the lower urinary genital tract.

Still, regarding the data obtained from the antibiograms, it can be
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highlighted that 85 % of the strains are resistant to erythromycin,
demonstrating the direct correlation with the presence of erm genes.
However, the phenotypic resistance to the antimicrobial erythromycin
was not observed in one sample, resulting in the absence of such a group
of genes. Thus, the hypothesis of horizontal transfer of genetic elements
is justified since such resistance possibly occurred by selective pressure
accelerated by the abuse of macrolides during the pandemic.

3.2. Molecular analyses

The molecular analyses to investigate macrolide resistance consisted
of detecting erm and msr genes in Staphylococcus sp. samples from clin-
ical isolates of uroculture. The PCR endpoint results demonstrate that
the ermA, ermB, and ermC genes were not detected, indicating that such
genes were searched with primers corresponding to those compatible
with the structural genome. Hence, it was investigated whether the gene
was incorporated into the bacterial chromosome resistance to macro-
lides (Fig. 1).

Since there is no evidence of such genes (only dimerization of the
primes referring to ermB, as also observed in the negative control), it is
hypothesized that this resistance profile observed in the phenotypic tests
is characterized by transient mechanisms and mobile elements that
neutralize the action of macrolides in Staphylococcus species. Such evi-
dence is followed by the amplification of the msrA marker in samples
"14152","1242"; and "14645", with a size similar to the expected 163 bp.
Thus, it is possible to deduce that this resistance may be mediated by
efflux pumps (mef, msr, and vga genes) or there was only horizontal
transfer of plasmid erm genes, in which they were not incorporated into
the bacterial structural genome [17-19]. Therefore, Staphylococcus sp.
represents an additional concern to clinicians because they exhibit
erythromycin resistance factors, among several others, which drastically
reduce therapeutic options.

The higher prevalence of macrolide resistance in women is a growing
concern in several clinical sectors, as the irresponsible administration of
azithromycin in pregnant women can be considered a risk factor
regarding urinary tract infection without effective therapeutic options.
A double-blind study, in which pregnant women were included for
administration of placebo or azithromycin, was performed with an
observation of the presence of msrA and ermC genes in the resistome of
oropharyngeal secretion samples of newborns [20]. Due to the easy
access and low toxicity of macrolides, such drugs are widely prescribed
and dispensed by clinicians who attend the Brazilian health system and
pharmacies. This further compromises the panorama of difficulty in
treating resistant bacterial strains.

In this sense, overprescribing antibiotics for respiratory infections,
often of viral origin, is a significant problem in pediatrics and is believed
to play an essential role in increasing antibiotic resistance among bac-
terial pathogens [21]. Considering rare exceptions (occurrence of the
immune storm), azithromycin is not recommended for viral infections,
even with the risk of secondary bacterial infections, precisely because of
the risk of the appearance of resistant strains [22]. Thus, the lack of
information about the epidemiological management observed in several
cities that distributed drugs of this class, with the neglected purpose of
preventive protection against the SARS-CoV-2, favored the appearance
of resistant strains, as observed in the results of this study.

Another study evaluated a screening technique for ribosomal muta-
tions in Gram-positive bacteria that was observed by high-performance
denaturation liquid chromatography (DHPLC) mutations in ribosomal
genes in streptococci and staphylococci strains (rplD, rplV, and rRL genes
associated with macrolide resistance). Portions of these genes were
amplified by PCR from the total DNA of 48 strains, demonstrating that
37 were resistant to macrolides and had one or several mutations in one
or two of the target genes. Thus, the presence of multiple factors in the
mediation of macrolide resistance makes the investigation of such
mechanisms increasingly complex for researchers [23].
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3.3. Genetic mechanisms and physio-pharmacological aspects of
macrolides resistance

Erythromycin is a macrolide that has 14 atoms in its lactone ring.
From it was derived clarithromycin, a 14-membered compound that
exhibits methylation of the hydroxyl group at position 6, and azi-
thromycin, which, by adding nitrogen to its ring, results in a 15-
membered compound [24]. Thus, resistance to these antibiotics by
bacteria of the genus Staphylococcus may occur through genetic and
adaptive mechanisms. To date, around 40 erm genes have been identi-
fied. Pathogenic bacteria carry these determinants mainly by
self-transferable plasmids and transposons. Among the classes found in
pathogenic microorganisms, four stand out: erm(A), erm(B), erm(C), and
erm(F). The erm(A) and erm(C) gene classes are commonly found in
Staphylococcus [25].

Erm(A) genes are often present in methicillin-resistant strains and
carried by Tn554-related transposons, whereas erm(C) genes are
generally responsible for erythromycin resistance in methicillin-
vulnerable strains and are held by plasmids. The resistance pheno-
types verified by the inducible expression of both determinants are
similar and are characterized by dissociated resistance to antibiotics due
to differences in their induction capacity. Therefore, the strains resist
14- and 15-membered ring macrolides, which are inducers [26].

Moreover, it is also known that the only efflux proteins that grant
acquired resistance to macrolides characterized in Staphylococcus spe-
cies are the ABC transporters encoded by plasmid-borne msr(A) genes,
and the transmembrane component of the msrA pump remains unknown
[27]. As detected in tests performed among the samples in this study, the
resistance determinant msr(A) was first found in Staphylococcus epi-
dermidis and has since been detected in several Staphylococcus species,
including S. aureus. Thus, ABC transporters require ATP for their func-
tioning and usually consist of a channel formed by two anchoring do-
mains in the membrane and two ATP binding domains found on the
cytosolic surface of the membrane [28]. The efflux system appears to
have a multicomponent origin, including the msrA and chromosomal
genes, to form a fully functional efflux pump, meaning the resistance is
inducible [29].

In comparison to erythromycin, other macrolides, such as clari-
thromycin and azithromycin, offer better physiological tolerability;
however, clarithromycin is more similar to erythromycin in pharmaco-
kinetic characteristics, such as half-life (dwell time in the body), tissue
distribution, and other drug interactions. Also, erythromycin may cause
gastrointestinal side effects, such as nausea, vomiting, and diarrhea,
compared to azithromycin, which is generally well tolerated. Hence,
azithromycin has a lower interaction with the hepatic enzyme system,
which may reduce the risk of drug interactions compared to erythro-
mycin [30].

Due to their differences in the spectrum of activity, pharmacoki-
netics, and side effects, azithromycin and erythromycin can treat
different types of infections. Also, erythromycin is often used against
upper respiratory tract bacterial infections. In contrast, azithromycin is
widely used for lower respiratory tract infections such as pneumonia,
bronchitis and genital infections such as chlamydiosis [31]. Ribosomal
methylation is the most widespread form of resistance by Erm proteins
(erythromycin ribosome methylase). In pathogenic bacteria, these pro-
teins methylate a single adenine in the nascent 23S ribosomal RNA, part
of the 50S ribosomal subunit [32]. The overlapping binding sites of
macrolides in 23S ribosomal RNA explain the cross-resistance of these
drugs [33].

From other perspectives, resistance in Gram-negative bacteria may
occur through antibiotic efflux caused by chromosomally encoded
pumps that contribute to intrinsic resistance to hydrophobic compounds
such as macrolides [34]. These pumps are often part of the resis-
tance/modulation/division family formed by proteins with 12
anchoring regions in their membrane. As stated previously, in
Gram-positive organisms (such as S. aureus), macrolide resistance by
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active efflux is caused by two classes of pumps: members of the
ATP-binding cassette transporter superfamily (ABC) and the superfamily
of principal facilitators (MFS) [35].

Finally, drug inactivation resistance occurs only to antibiotics with a
related structure and is caused by enzymes that can modify or break
down the antibiotics, resulting in their inactivation. It is also worth
mentioning that, so far, this specific type of resistance has not demon-
strated considerable clinical relevance. However, considering a hypo-
thetical future, it can still be threatened by public health managers
during global infection occurrences [36].

3.4. Immunological reaction against bacterial Staphylococcus infections

Staphylococcus infections can be defined by the positive expression of
the coagulase enzyme, which is an inhabitant of superficial tissues and is
harmful to immuno-depressed people and those with autoimmune dis-
eases [37]. Also, the genus Staphylococcus is highlighted as an agent of
infection in the hospital environment and its species. Still, it has been
commonly described as a cause of diseases that are difficult to control in
public health environments worldwide. Hence, numerous virulence
factors, combined with resistance to multiple classes of antimicrobials,
endeavor to prevent infections caused by this microrganism in chal-
lenging situations [38].

Additionally, innate immune mechanisms are crucial in detecting
and initial response to Staphylococcus infections. Overall, the innate
immune cells (e.g., macrophages and dendritic cells) recognize micro-
bial components, such as peptidoglycan and lipoteichoic acids, through
pattern recognition receptors, such as Toll-like receptors (TLRs) [39].
The activation of these receptors triggers the production of
pro-inflammatory  cytokines, such as interleukin-1p (IL-1p),
interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-a), which
recruit other cells and amplify the immune response [40]. In addition,
macrophages are activated to phagocytize the invading bacteria; how-
ever, S. aureus and S. epidermidis have developed strategies to escape
from these events, including the production of immunoglobulin (Ig)
binding proteins that block opsonization and complement binding, and
the formation of biofilms, which confer protection against phagocytosis
and antimicrobials [41].

Furthermore, S. aureus can be considered one of the genus’s main
pathogenic species and has various immune evasion mechanisms. The
production of a wide range of toxins, such as alpha-hemolysin toxins,
leukocidins, and superantigen toxins, contributes to the destruction of
immune cells, causing tissue damage and exacerbated inflammation
[42]. S. aureus can also avoid the immune response by secreting pro-
teases that degrade immune factors such as antibodies and cytokines. In
clinical aspects, S. aureus can form abscesses and persist intracellularly
in immune cells, such as macrophages and neutrophils, preventing their
elimination. This intracellular ability allows S. aureus to evade the im-
mune system and establish chronic infections. In addition, it has an
evasion mechanism called "molecular camouflage", in which it modifies
its surface to prevent recognition by immune cells’ pattern-recognition
receptors. This event complicates immune cell activation and elabo-
rates an adequate response [43].

S. epidermidis, on the other hand, is considered a commensal species,
generally found on the skin and mucous membranes. However, in
certain conditions, such as the presence of implanted medical devices, it
can cause opportunistic infections. One of the main strategies for
immunological evasion of S. epidermidis is the formation of biofilms.
These biofilms, consisting of bacterial layers wrapped in a poly-
saccharide extracellular matrix, confer protection against immune and
antimicrobial responses, making eradicating infection even more
threatening [44].

In addition, S. epidermidis can produce enzymes, such as catalase and
superoxide dismutase, which neutralize reactive oxygen species, thus
preventing oxidative damage to immune cells. It can also interfere with
the activation of the complement system, preventing the formation of
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complexes of attack on the membrane and cytotoxic action. Therefore,
recent studies indicate that macrolide misuse correlates with decreased
immune markers, such as IL-5 expressed in a lower form in CD4+
lymphocytes of patients treated with azithromycin.

Accordingly, the metabolic markers of individuals treated with drugs
of this class demonstrated a particular elevation, indicating that the
adequate physiology of the human organism was unbalanced through
changes caused by macrolides in the intestinal microbiota [45]. Thus, it
can be inferred that macrolides are closely linked to the intestinal
microbiome and can alter it, implicating physiological changes of great
relevance.  Given such  immunological implications, the
clinical-epidemiological picture may worsen with the neglected use of
antimicrobials, especially of the macrolide class [46].

3.5. Gut-brain-axis

Based on recent literature findings, the concept of the gut-brain axis
consists of bidirectional communication between both organs, in which
essential immune, metabolic, neurological, and endocrine functions are
developed and constantly regulated. To ensure protection against
pathogens, unique bactericidal peptides can be produced by the intes-
tinal epithelium as innate mechanisms for the first defense barrier,
consequently avoiding abnormalities in this important axis [47]. In
addition, cells of the innate immune system present in the gut-associated
lymphoid tissue (GALTS) are responsible for the non-specific recognition
of pathogens, the initiation of the immune response, and the consequent
activation of the adaptive immune system.

The intestinal microbiota is colonized mainly by bacteria of the
phylum Firmicutes and Bacteroidetes. It performs essential functions in
the immune system, influencing the differentiation of T lymphocytes
into different types of helper T cells or regulatory T cells. In addition, it
can induce the production of secretory immunoglobulin A (SIgA)
through modulation in its main immunological epitopes and shaping the
systemic immune response through signaling molecules, assisting in
blood cell production and stimulating responses against the infectious
process [48].

In addition, the gut microbiota protects against colonization by
invading pathogens by releasing metabolites and bacteriocins capable of
inhibiting protein synthesis and bacteria-associated peptide glycan
synthesis [49]. It is also worth mentioning that dysbiosis in gut micro-
biota can be associated with the development and prevalence of auto-
immune and inflammatory diseases [50] and metabolic disorders [51].
In this sense, it is possible to infer that changes in the intestinal micro-
biota can be harmful, causing a negative impact not only on the immune
system but increasing susceptibility to different diseases.

Dysbiosis can be categorized as the presence of abnormalities related
to the gut microbiome, and its origin is closely linked to several factors,
such as inflammation or enteric infection, which significantly decreases
the ability of the gut microbiota to prevent colonization by pathogens.
Other factors such as high-fat and low-fiber eating habits, intestinal
colonization at the time of newborn delivery (especially by the mode of
delivery), pregnancy, and physical injuries directly impact intestinal
dysbiosis [52].

The indiscriminate or inappropriate use of antibiotics, especially in
childhood, is strongly linked to changes in diversity, taxonomic
composition, and decrease of beneficial bacteria such as Bifidobacteria
and Lactobacilli, as well as contributing to the increase in bacterial
populations commonly related to urinary tract infections, such as E. coli
[53]. Moreover, the effects of antibiotic use are connected to a decrease
in bacterial diversity since several bacteria susceptible to the drug are
destroyed, replaced by resistant bacteria, and other factors, such as
increased antimicrobial tolerance and metabolomic changes [54].

Regarding the information mentioned above, there is growing
concern related to the indiscriminate use of antibiotics, considering it
affects not only human health but also animal and environmental health
since they are intrinsically interconnected. In this sense, it is essential to
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mention that antimicrobial resistance occurs not only through human
action but the overuse of antibiotics in animals contributes significantly
to antimicrobial resistance in enteric human bacteria, such as Escherichia
coli and Salmonella, which are also related to animal normal microbiota.
In addition, strains of methicillin-resistant Staphylococcus aureus
(MRSA), a common pathogen for humans, have already been found in
different animal species, which act as transmitters of this bacterium
[55].

Regarding environmental health aspects, it is notable that pathogens
of significant clinical and epidemiological relevance are commonly
found in soil and wastewater, as well as antibiotics, which are consid-
ered emerging micropollutants, and, in contact with such pathogens,
they may develop resistant strains. One of the main classes of drugs
found in sewage or wastewater is macrolides, which are used in both
humans and animals and are excreted through the bile and feces of these
patients. This class of antibiotics has diverse mechanisms by which
antimicrobial resistance may occur, representing a substantial concern
for public health [56].

3.6. One health approach and social aspects of macrolide abuse

It is notorious that in Brazil, the administration of the macrolide class
of antibiotics, in most cases, is not performed correctly, from medical
prescription to self-medication [57]. The consumption of macrolides in
Brazil is correlated with social and economic factors, including a lack of
access to essential health services, standardized medical prescriptions,
the absence of specific information for their best use, and social stigmas
involving antibiotics in general [58].

Notably, the access to medicines, including erythromycin and azi-
thromycin, can be affected by social factors such as economic inequality.
Individuals with socioeconomic vulnerabilities have difficulty acquiring
these medications, which directly impacts their ability to treat infections
[59]. In addition, the prescribing patterns of erythromycin and azi-
thromycin may vary in different social contexts and health systems.
Occasionally, these antibiotics may be prescribed improperly or exces-
sively, contributing to bacterial resistance and other public health
problems [60].

In this sense, specific factors of paramount importance contribute to
the poor consumption practices of macrolides. Generally, azithromycin
and erythromycin are antibiotics commonly prescribed and dispensed,
impacting the patient’s use for self-medication [61]. It is relevant to
consider such social aspects to promote the appropriate use of erythro-
mycin and azithromycin, ensuring the effectiveness of treatment and
minimizing the risks associated with bacterial resistance. Awareness,
health education, and equitable access to medicines are crucial to
addressing these social issues related to antibiotic consumption and
seeking a unique health approach [62].

Considering bacterial infections in the urinary tract and the use of
macrolides by individuals, it can be observable that the excretory system
releases a large amount of antibiotics retained in the urine [63]. In
addition to the incorrect disposal of medicines, in which waste is carried
to water collection areas, standard water treatment systems do not
ensure the removal of substances present in antibiotics, requiring
plasma filtration technology, advanced oxidation processes, and reverse
osmosis technologies (which are expensive and inaccessible technolo-
gies for communities and countries without robust financial resources)
to remove these substances that accelerate the phenomenon of microbial
resistance [64].

In this regard, the water cycle continues without the total with-
drawal of antibiotics, supplying cities, plantations, animal husbandry,
and breeding sites. Irrigation of crops that use water without complete
treatment leaves remnants of antibiotics in vegetables, legumes, and
fruits that humans consume [65]. In addition, animals that need to drink
water for survival and reproduction acquire doses of antibiotics. Thus,
common antibiotics cannot treat a bacterial infection due to resistance
factors that the excretory system eliminates [66].
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Fig. 2. Antibiotic cycle in the One Health context.

After this cycle, as shown in Fig. 2, bacteria remain increasingly
resistant, causing bacterial infections that are untreatable or extremely
difficult to treat. Hence, it is worth noting that the incorrect disposal of
antibiotics can reach the marine portions, causing bacterial resistance in
aquatic animals [67]. The One Health approach must be applied globally
to prevent bacteria from continuing to mutate and cause resistance, as in
urinary tract infections.

4. Conclusions

In summary, this study underlines the importance of assertive
healthcare politics concerning all the aspects involving the misman-
agement of antibiotics, including macrolides, during a global infectious
disease crisis. It also enhances the immunological implications, both
innate and adaptative reactions, in genito-urinary tract bacteriosis by
selecting strains affected by horizontal gene transference mediated by
plasmids. In addition, the gut-brain-axis microbiota association becomes
evident with the experimental findings of antimicrobial resistance in this
study, considering it plays an essential role in immune system modula-
tion, aggravating the Covid-19 pandemic scenario in Brazilian hospitals.
Finally, the biological cycling of macrolides is described in the One
Health approach, which considers a broader extension of multidrug-
resistant bacteria standoff along generations.
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