Research Article

Journal of Scientific & Technical Research

BIOMEDICAL
>

ISSN: 2574 -1241

DOI: 10.26717/BJSTR.2024.55.008697

Multidrug-Resistant Bacteria Related to Covid-19

Infection: A Minireview

Rayssa Gomes da Silva’, Ingrid Teixeira!, Maria Eduarda Maximo', Anna Lea Silva Barreto' and José Alexandre

da Rocha Curvelo?*

1Centro Universitdrio IBMR, Rio de Janeiro, Brazil

2Centro de Ciéncias da Satide, Instituto de Microbiologic Paulo de Gées, Universidade Federal Do Rio de Janeiro, Rio de Janeiro, Brazil

*Corresponding author: José Alexandre da Rocha Curvelo, Centro de Ciéncias da Saude, Instituto de Microbiologic Paulo de Goes,
Universidade Federal Do Rio de Janeiro, Rio de Janeiro, Brazil

ARTICLE INFO

Received: (& February 22, 2024
Published: March 05, 2024

Citation: Rayssa Gomes da Silva, Ingrid
Teixeira, Maria Eduarda Maximo, Anna
Lea Silva Barreto and José Alexandre
da Rocha Curvelo. Multidrug-Resistant
Bacteria Related to Covid-19 Infection:
A Minireview. Biomed ] Sci & Tech Res
55(3)-2024. BJSTR. MS.ID.008697.

ABSTRACT

The World Health Organization recorded antimicrobial multidrug resistance as one of the biggest health risks
in 2019. The inappropriate use of antibiotics results in their consequent ineffectiveness in the treatment of
bacterial infections, hindering therapeutic alternatives and increasing the risk of poor prognosis. In late 2019,
a single-stranded RNA zoonotic virus, SARS-CoV-2, was identified and caused the Coronavirus Disease-19
pandemic. The use of antibiotics prophylactically for secondary bacterial infections was one of the measures
taken in the emergency scenario. The damage to the airways caused by these viruses and inhibition of the
immune system favor bacterial adhesion and growth in the respiratory tract, the lack of knowledge of the
disease and the initial symptomatic similarity between bacterial and viral infections, generating controversial
diagnosis, causing concern about the impact on the worsening of the global condition of multidrug-resistant
bacteria. More research aiming new treatments and control alternatives in cases of bacterial co-infection
associated with COVID-19 and its possible markers is needed, as well as investigations of the possible impact
of the pandemic on the global scenario of acquired multidrug resistance. Inmunization of the population and
individual respiratory stabilization effort and measures are still the only known protective measures. In the
pandemic scenario characterized by a high use of biocidal agents, empirical and disordered use of antibiotics,
decreased surveillance of resistance worldwide and overcrowding of health systems, lack of medical staff
and personal protective equipment in some hospitals are factors that have contributed to the increase in
antimicrobial resistance incidence. On the other hand, individual protective measures were identified as
factors that reduce the incidence of infections in the community. In some countries, the increasing in the
incidence of carbapenem-resistant bacteria and new genes and combinations have been reported, which may
be related to the COVID-19 pandemic.
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Introduction

Native bacterial resistance to antibiotics is a natural selective
pressure event that is currently a problem faced worldwide. Nev-
ertheless, the inappropriate use of these classes of drugs results in
treatment failure of infections, hindering therapeutic alternatives and
increasing the risk of worsening the condition and spreading diseas-

es. Multidrug-resistant bacteria is considered a pathogen that is not
sensitive to three or more classes of antibiotics. The World Health
Organization (WHO) recorded antimicrobial multidrug resistance as
one of the biggest health risks in 2019. Some of the causes for this
acquired resistance are misinformation about the function of antibi-
otics, leading part of the population to self-medicate to treat common
viral infections, inadequate prescription due to inaccurate diagnosis,
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pollution of the environment with antibiotics and their use in the
treatment of animals in areas such as veterinary, and agriculture [1-
4]. SARS-CoV-2 (Severe Acute Respiratory Syndrome Coronavirus 2)
is a single-stranded, positive-sense RNA zoonotic virus identified in
late 2019 in Wuhan, China, which spread around the world rapidly,
causing a pandemic of the disease called Coronavirus Disease-19
(COVID-19). Immunization of the population is still the only known
protective method, in addition to the individual respiratory support
that was initiated and recommended as soon as the identification of
disease. The world scenario has more than 700 million confirmed
cases and more than 6 million deaths reported by WHO, as well as
more than 13 billion vaccine doses applied to the population.

The most severe cases of infection require mechanical ventilation
and intensive care treatment, with prolonged stays in the hospital
environment, which characterizes a very increased risk and predis-
position to secondary and opportunistic infections [2,5,6]. In the first
phase of the pandemic, from December 2019 to June 2020, antibiotic
prescription reached 82.3%, in contrast to 39.7% in the second phase,
between June 2020 and March 2021, according to a study by Cong et
al. published in 2022 [7]. These data can be explained by the prophy-
lactic use of antibiotics for secondary bacterial infections, which can
be corroborate by increased mortality rates from co-infections de-
scribed after analysis of autopsy data and case studies of the influenza
pandemicin 1918. The lack of knowledge of the disease and the initial
symptomatic similarity between bacterial and viral infections cannot
be ruled out, generating diagnostic misunderstanding, in addition to
the high mortality rate 3, [8-10]. As the COVID-19 pandemic gradu-
ally accelerated, the investigation of highly effective drug therapies
became a major debate in the scientific community. Azithromycin, for
example, became one of the antibiotic alternatives raised to combat
the syndrome caused by SARS-CoV-2 due to its immunomodulatory
properties that were considered promising. Another possibility in-
vestigated was hydroxychloroquine, which is used for rheumatoid
arthritis, lupus and malaria. Subsequently, studies concluded that
both drugs did not have beneficial properties in the treatment of the
disease [11-13].

The study by Rawson et al., published in May 2020, describes that
72% of patients were prescribed with antibiotics, although only 8%
had confirmed bacterial co-infection after analyzing cases of predom-
inantly Asian infections. It is still difficult to determine whether the
conditions of patients infected with COVID-19 who died worsened be-
fore or after the bacterial infection acquired during hospitalization in
Intensive Care Units (ICU). The interaction of SARS-CoV-2 with other
pathogens is still poorly defined in the literature, as well as the impact
of acquired resistance in the general public7, [14,15]. The aim of this
review is to identify and correlate cases of infection of multidrug-re-
sistant bacteria and the SARS-CoV-2 virus. In particular, addressing
the effects of the use of antimicrobials empirically in patients with se-
vere respiratory syndrome infected by antibiotic-resistant pathogens
associated with COVID-19. The investigation of diagnosis methods

and therapeutic approaches can contribute to a better understanding
of the impact on the global scenario of bacterial multidrug resistance.

Materials and Methods

The present work is a narrative review of the literature relating
multidrug-resistant bacteria and COVID-19, considering the co-infec-
tion scenario, as well as the impact on the development of acquired
resistance of these bacteria. The following descriptors were used to
carry out this study: “COVID-19”, “bacterial”, “co-infection”, “SARS-
CoV-2”, “resistant”, “resistance”, “antibiotic”, “antimicrobial”. At first,
the exclusion was made by the titles, resulting in 286 selected and, by
eliminating the duplicates, 190 articles were obtained. Of the selected
publications, 7 were paid articles. In the end, 81 articles were read
partially, 109 in full, and 54 were included in this study.

Results and Discussion

Studies with humans and published in the period from 2020 to
2023 in the PubMed database, obtained 1290 results. Of these, 835
articles were found in the time frame between January 2022 and May
2023 SARS-CoV-2 is responsible for several systemic complications
and injuries, differentiating it from other members of the Coronovir-
idae family, such as: Pulmonary, renal, pancreatic, cardiac, brain, he-
patic, and coagulation disorders. Epithelial cells infected by this virus
produce inflammatory cytokines such as interleukin-6 (IL-6) and in-
terleukin-8 (IL-8). The activation of these cytokines is linked to lungs
infiltration by inflammatory cells and induction severe lung injury
[16]. Co-infection Bacterial infections are related to an increased mor-
tality rate of respiratory viral primary infections. The study by Na and
colleagues revealed a rate of more than doubled in-hospital mortality
in patients with severe COVID-19 and secondary infections. The dam-
age to the airways caused by the viruses added to the inhibition of
the immunology favors the adhesion and bacterial growth in the air-
ways. The inflammation resulting from the cellular damage caused by
SARS-CoV-2 infection in lung epithelial cells promotes severe tissue
detriment due to bacterial adhesion, invasion, and proliferation. The
SARS-CoV-2 spike protein binds to the bacteria’s lipopolysaccharides,
increasing anti-inflammatory activity. Acute Respiratory Distress
Syndrome (ARDS) is a systemic inflammatory reaction found in se-
vere infections, pneumonia, COVID-19 and activation of the Toll-Like
Receptor 4 (TLR4) by lipopolysaccharide stimulation during ARDS
causes the pro-inflammatory phase, with high releases of cytokines,
acute-phase proteins, and reactive oxygen species [17-20].

Cytokine release syndrome or cytokine storm, defined as the ele-
vated release of pro-inflammatory cytokines, resulting from the acti-
vation of dendritic cells, lymphocytes (T), neutrophils, macrophages.
Cytokine storm is an excessive response to SARS-CoV-2 and has been
recognized as a cause of death in COVID-19. It results from the associ-
ation of molecules such as interleukins, interferons, chemokines, and
TNF-a in patients with COVID-19. A significant elevation of inflam-
matory markers were observed in patients who received antibiotics,
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which Have been pointed out as a possible aggravation of the cyto-
kine storm caused by COVID-19 [16,21,22]. Bacteria are able to suc-
cessfully cause secondary infections in COVID-19 by their virulence
factors, such as membrane proteins, secretory systems, adhesins, and
glycoconjugates. Bacteria are considered resistant to a specific anti-
microbial when the recommended dose is unable to kill it or inhibit
its proliferation.

The mechanisms of bacterial resistance can be summarized as
follows:

1. Alteration of the site of action of the antibiotic,
2. Drug inactivation,

3. Expulsion of substrates from the interior of the bacterium to
the external environment by an efflux system and

4.  Alteration in membrane permeability. Acquired resistance
is characterized as the alteration of the microbial cell site, antibiotic
inactivation, and efflux system.

Gram-positive bacteria mostly adopt the method of decreasing
membrane permeability, while gram-negative bacteria can use all
four mechanisms. In addition, gram-negative bacteria have a layer
of lipopolysaccharides that promotes innate resistance to several
groups of antibiotics [20,23]. Bacterial co-infections are often com-
mon complications of respiratory infections and are associated with
prolonged hospital permanence and increase in ICU admittance and
mechanical ventilation. In the study by Patton et al., a high mortality
rate of 24% for bacterial co-infections was observed compared to the
5.9% mortality rate for community-acquired pneumonia (CAP) in the
pre-pandemic times. Community-acquired bacterial infections confer
even greater risks of ICU admission and mechanical ventilation than
advanced age and comorbidities, which have been identified as risk
factors for COVID-19 mortality. The study by Tiseo et al. conducted
in Italy found higher comparative rates of chronic obstructive pulmo-
nary disease (20% vs. 10.2%), chronic kidney disease (24.4% vs. 7%),
cerebrovascular disease (22.2% vs. 11.8%), higher sputum frequen-
cy (11.1% vs. 2.8%), and Pa02/FiO2 ratio <200 (17.8% vs. 5.4%)
between patients with and those without respiratory co-infections,
respectively. The rate of co-infections in hospitalized patients with
COVID-19 was 8% in this study and was associated with a high risk
of progression to severe disease [24-26]. The prevalence rate of co-in-
fection varies in published articles, but it is as high as 50% among
non-COVID-19 survivors. Studies show that the risk of acquiring bac-
terial infection increases according to the severity of COVID-19 and
the length of hospital permanence, in which case it is called Health-
care-Associated Infection (HAI). In addition, microbiology differs be-
tween HAls and community-acquired infections [27,28].

Bacterial Species Related to Covid-19

The study by Gu et al. published in 2020 points out that the diver-
sity of the gut microbiota is reduced in patients infected with SARS-

CoV-2, with an increase in opportunistic pathogens such as Strepto-
coccus, Rothia, Veillonella, and Actinomyces. In addition, a significant
increase in Enterococcus sp. in the gut microbiota, blood infections
after ICU admission, especially E. faecalis and E. faecium in studies
in Italy [27]. In HAls, the antibiotic-resistant pathogens found in as-
sociation with COVID-19 were: carbapenem-resistant Acinetobacter
baumannii, Extended-Spectrum [&-Lactamase-Producing Klebsiella
Pneumoniae (ESBI), vancomycin-resistant Enterococcus, and oth-
er members of the New Delhi-producing Enterobacteriaceae family
Metallo-@-lactamase (NDM) that confers resistance to carbapenem,
and Methicillin-Resistant Staphylococcus Aureus (MRSA). S. aureus was
associated with both HAIs and community-acquired infections in the
2021 study by Garcia-vidal et al., as was Escherichia coli and Klebsiella
pneumoniae in the urinary tract. In this study, the species Streptococ-
cus pneumoniae, Pseudomonas aeruginosa, Enterococcus faecium and
Haemophilus influenzae were also identified, with the former and lat-
ter being associated only with community-acquired infections [27].
The prevalence of Acinetobacter baumannii and Klebsiella pneumo-
niae is remarkable and has been reinforced by several studies. The
acronym ESKAPE encompasses the pathogens Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter bauman-
nii, Pseudomonas aeruginosa and species of the genus Enterobacter
spp. which are known for their association with nosocomial infections
and mechanisms of multidrug resistance to antibiotics [29].

A. baumannii resistant to carbapenems (CRAB) is on the WHO list
of greatest threats to human health. A. baumannii is intrinsically re-
sistant to penicillin and may acquire resistance to all antibiotics used
to treat gram-negative drugs, including fluoroquinolones, aminogly-
cosides, and cephalosporins, as reported in studies in Table 1. Car-
bapenems are widely used in the treatment of A. baumanii, but some
mechanisms of resistance against these antibiotics have been exten-
sively reported and, for that reason polymyxins have been considered
the first choice for the treatment of infections caused by CRAB [29].
Infections caused by K. pneumoniae and E. coli are associated with
high mortality risks, possibly due to a lack of effective treatments. The
main species carrying carbapenemase are K. pneumoniae, E. coli, and
Enterobacter spp and have been linked to infections in the COVID-19
pandemic. K. pneumoniae is the most common enterobacterium relat-
ed to the spread of ESBL and is responsible for the majority of human
infections [29]. P aeruginosa has several virulence factors, in addi-
tion to bacterial resistance genes possibly conferred by plasmids, and
adaptability to numerous adverse conditions including the immune
response. This pathogen has been reported to be significantly elevat-
ed in the nasal microbiota of patients infected with SARS-CoV-2. It
causes a high risk of mortality, despite its variable resistance in differ-
ent regions and the high incidence colistin-sensitive diseases caused
by P, aeruginosa in hospitals around the world [29]. S. aureus has a
marked virulence factor called coagulase, which is used for laboratory
identification and is the main agent of blood, cutaneous, and lower
respiratory tract infection. Some patients had S. aureus co-infection
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after hospitalization for COVID-19, some were infected with methicil-
lin-resistant S. aureus (MRSA) and also methicillin-sensitive S. aureus
(MSSA). The resistance of S. aureus seems to be due to several mech-

anisms, such as horizontal gene transfer by plasmids, changes in the
target site, and enzyme production [29].

Table 1: Most Frequent Bacterial Species and Multidrug Resistance Rates in COVID-19 Patients.

Most Frequent Species Total MR rate Resistance Study
P. aeruginosa;
S. aureus,
55 31% NOT 29
K. pneumoniae, E. Coli
Klebsiella spp., E. Coli 38 42% CKD; fluoroquinolones; aminoglycosides; colistin 30
K. pneumoniae; A. baumannii.
E. coli; P. aeruginosa; ECN (S. haemolyt- Carbapenem (meropenem); ESBL; third- generationcephalospo-
leuse rin; oxacillin (MRSA); aminoglycoside; lincosamide; fluoro-
S. epidermidis); S. Aureus 457 NOT quinolones; macrolides 31
K. pneumoniae; E. coli.
A. baumannii; S. aureus. 7 65,5% ESBL; ammoglyc051de,'.ﬂuc.)roqu1no_lo'nes; beta- lactamic; 30
cefepime; gentamicin
S. Pneumoniae
A.baumannii; K. pneumoniae; P. aerugi-
nosa; Enterobacter spp. 115 43% ESBL; beta-lactamic; ciprofloxacin; gentamicin 33
A. baumannii, K. pneumoniae,
Enterococcus faecium, S.
0,
aureus, P. aeruginosa, and Enterobacter & 74.2% NOT 34
spp.
K. pneumomae;'A. baumannii; E. 38 NE NE 8
faecium

Note: Legends - MR RATE: Multidrug resistance rate among total bacterial infections; TOTAL: Bacterial infections occurring in COVID-19 patients; NE: Not spec-
ified; ERC: Carbapenemase-resistant Enterobacteriaceae; NEC: Coagulase-negative staphylococci; ESBL: Stretched-Spectrum Beta-Lactamase; MRSA: Staphylococ-

cus aureus resistant to meticilina.

Markers for Detection of Secondary Infections

One of the obstacles encountered is determining whether the bac-
terial infection occurred before or after admission, mainly due to the
inability of most patients to produce sputum for culture at the time
of arrival at the hospital. In addition, it is difficult to detect second-
ary infections or co-infections or to easily identify the exact pathogen
because the symptoms of COVID-19 are similar to those of bacterial
pneumonia [30]. The average time described for detection of second-
ary infections is 10 days. The most effective method was bronchoalve-
olar lavage cultures, but it is commonly avoided by the production of
aerosols. Thus, sputum cultures and endotracheal aspirates are per-
formed, although studies report that there is no increase in risks to
health professionals when performing bronchoscopy [31]. Lympho-
cytopenia usually occurs within two weeks of the onset of COVID-19
and can result in immune dysregulation and immunodeficiency pro-
moting secondary infections. The study by Chong et al. found a mean

value of three to four days for the lowest lymphocyte levels and point-
ed out that the use of corticosteroids may have contributed to lym-
phocytopenia. Alnimir et al. found lymphocytopenia in 39 (57.4%)
non-survivors. Wu et al. also pointed out that severe immunosuppres-
sion marked by low lymphocyte count is associated with mortality
risk [28,32-34]. In addition, the administration of medications such
as steroids, immunomodulatory agents, and antibiotics can also in-
crease the occurrence of secondary hospital-acquired infections.

The use of corticosteroids to control local inflammation was men-
tioned and related to consequent immunosuppression in the studies
by Gottesman et al. and Wu et al and Ceballos et al. In those studies,
authors described that patients who used corticosteroids before ad-
mission to the hospital and were exposed to dexamethasone during
hospitalization were associated with a higher risk of secondary in-
fections than those who were not exposed in a bivariate analysis
[25,34-37]. The Neutrophil/Lymphocyte Ratio (NLR) is a simple and
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low-cost marker of systemic inflammation, with its desirable values
averaging below 2. It is obtained by dividing the absolute values of
neutrophils by the absolute count of lymphocytes used in the prog-
nostic evaluation of clinical conditions. NLR increases due to reduced
lymphocyte count associated with increased neutrophil count. Lev-
els above 2 suggest a reduction in lymphocyte count or a progressive
increase in neutrophil count, which is a marker of worsening of the
clinical condition of patients. The likelihood of bacterial co-infection
is increased in patients with = 15 NLR within 48 h of hospital admis-
sion [24,38-40]. Procalcitonin (PCT) is a peptide or prohormone pre-
cursor to calcitonin normally synthesized by the thyroid and, in case
of bacterial infection, by other tissues. It is used to screen for bacterial
infections and sepsis because it is a biomarker that is generally higher
in bacterial infections compared to viral infections, in which the ele-
vation is minimal, and is promising for differentiation.

Normal PCT levels are below 0.1 ng/mL and studies support that
an increase above 0.25 ng/mL indicates elevated chances of bacterial
infection of the respiratory tract. Increased procalcitonin may indi-
cate bacterial co-infection in patients with COVID-19. The study by
Carbonell et al. found that values of up to 0.3 ng/mL of PCT could help
rule out bacterial co-infection on admission with a NPV (Negative
Predictive Value) of 91.1%. This finding is also supported by the stud-
ies of Dolci et al. and May et al. who found the threshold to be up to
0.25 ng/mL with a NPV of 91.7% and 99%, respectively. The study by
Alnimr et al. points out that PCT levels were higher at hospital admis-
sion among non-survivors compared to survivors 39,43,46. However,
approximately 36% of patients with chronic kidney disease have an
elevated PCT value of 0.5 ng/mL or above. Some studies also suggest
the relationship between elevated PCT and elevated IL-6 release as
a result of the cytokine storm caused by SARS-CoV-2, decreasing the
discriminatory capacity of PCT. ARDS in patients with COVID-19 can
also increase the levels of this marker, as well as clinical conditions
of biliary pancretitis, fungal infections, lung carcinoma, among oth-
ers. However, although PCT is not a reliable marker of the presence
of bacterial co-infection, its dosage of up to 0.25 ng/mL is indicative
of its absence and is an aid to avoid inappropriate treatment with an-
tibiotics in patients infected with SARS-CoV-2 [38,41-43]. Among the
advantages of using procalcitonin as an inflammatory marker, it can
be also considered the absence of interference of its levels with the
use of corticosteroids, rapid elevation after induction, high sensitivity,
and simple dosing through a blood sample [38].

The use of the CURB-65 score to discern between intermedi-
ate-risk patients who may need early antibiotic administration to
standardize treatment was suggested by Giannella et al. This marker
have already been reported to be higher in patients with secondary
infections than in those not infected at the time of hospital admis-
sion in the study by Na et al. In the study by Giannella et al., leukocyte
counts, TSPs, and the Charlson index were also used to guide diagnos-
tic tests and antibiotic use. It is recommended to use antibiotics in pa-
tients with CURB-65 >2 [40,44]. C-reactive protein (CRP) is an acute

inflammatory protein synthesized mainly in the liver after IL-6 stim-
ulation. It plays an important role in the response to infections and
can stimulate the inflammatory process through mechanisms such as
activation of complement life, induction of phagocytosis and apopto-
sis, regulation of nitric oxide synthesis, stimulation of inflammatory
cytokine production, and leukocyte chemotaxis and recruitment. It
is a nonspecific biochemical marker of the acute phase and has little
specificity because it is elevated in several pathologies, and is not very
useful for differentiating inflammation from infection. Among the
factors that can cause changes in serum CRP levels are age, gender,
weight, smoking, dyslipidemia, liver damage, and hypertension. The
use of corticosteroids is associated with lower induction of CRP by
Carbonell et al. and Schouten et al. while PCT remains unchanged, in
addition to the slower elevation of CRP levels compared to PCT.

In healthy patients, the blood concentration of CRP is less than
5 mg/L. Its serum levels are directly associated with the severity of
COVID-19 and worse clinical outcome. Patients with elevated CRP
levels at the time of admission were associated with a higher risk of
disease severity and of developing secondary pulmonary infections
[31,38,41,43]. Several studies have demonstrated the correlation be-
tween CAP severity and PCT and CRP. In the study by Schouten et al,,
secondary increases in CRP and PCT were associated with superin-
fections such as COVID-19 complications, but the use of tocilizumab
is associated with a reduction in these markers. On the other hand, a
study by Kooistra et al. conducted with patients admitted to the Rad-
boud University Medical Center in the Netherlands demonstrates data
from 190 ICU patients who received treatment with immunomodu-
lators such as dexamethasone and tocilizumab had their CRP levels
suppressed even after a secondary infection, while these drugs did
not affect PCT [41,43,45]. Presepsin serves as a bacterial lipopolysac-
charide (LPS) receptor and is the soluble form of CD14, a glycoprotein
expressed in monocytes and macrophages. It has been demonstrated
as a tool to indicate severity in sepsis diagnoses because it rises ear-
ly, within the first two hours after infection, surpassing PCT and CRP.
Carbonell’s study points to presepsin as a non-specific biomarker for
diagnosing pneumonia and its etiology, but several studies have de-
scribed this marker as reliable for the severity of viral pneumonia and
COVID-19 [41,45].

Possible Treatment Alternatives

The development of new therapeutic agents to prevent mortali-
ty of patients co-infected with SARS-CoV-2 and bacteria is necessary.
Laboratory tests are the tools used during the clinical management of
diagnosis and direction of antimicrobial treatment in order to reduce
cases of bacterial resistance and prevent mortality 51.

Serial PCT measurement provides follow-up of inflammatory dy-
namics, and can be used to shorten the duration of treatment after
antibiotic administration begins. If PCT levels remain low at dosage
after 24 and 48 hours from the start of antibiotic treatment in the
uncertainty of co-infection, in that case, discontinuation is recom-
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mended. If bacterial co-infection has been proven or its presence is
very likely, PCT reduced by 80% of the baseline value or below 0.5
ug/L after 48 hours or 72 hours, stopping antibiotic administration
is reasonable [38]. Finally, phages are very target-specific, have low
toxicity and resistance to them are rare, in addition to reducing the
synthesis of reactive oxygen species (ROS), whose levels are elevated
in COVID-19 patients [46,47].

Impact of the COVID-19 Pandemic on Bacterial Resistance

The increase in the use of biocidal agents, disorderly use of anti-
biotics and their empirical use, decreased surveillance of resistance
due to the focus on COVID-19, and overcrowding of health systems
are factors that may contribute to the increase in antimicrobial resis-
tance. The systematic review study by Langford et al. found no asso-
ciation between COVID-19 and changes in antimicrobial resistance of
gram-positive bacteria. However, a possible increase in resistance was
found in gram-negative patients, suggesting an important role due to
the high use of beta-lactams and third generation cephalosporins in
patients with COVID-19 [48,49]. The study by Elton and colleagues
at two hospitals in Africa observed an increase in the total number
of HAIs caused by multidrug-resistant bacteria in COVID-19 patients.
The lack of medical staff and personal protective equipment in some
hospitals may have counteracted the possible effect of reducing the
transmission of antimicrobial resistance caused by the factors of so-
cial distancing, improved hand hygiene, and the use of personal pro-
tective equipment. The same was pointed out by Serapide et al., in ad-
dition to the overcrowding of patients and failure to quickly isolation
of patients colonized by multidrug-resistant bacteria upon admission
to hospitals. Protection against COVID-19, such as the quarantine
established in early 2020, have been identified as non medicament
factors extremely useful in reducing the incidence of infections in the
community by the respiratory bacteria S. pneumoniae, Haemophilus
influenzae, and Neisseria meningitidis.

Mentions of the incidence of MRSA colonization, reduced by
65.2%, and minimally in resistance rates were related to organized re-
sponses to the COVID-19 pandemic, while overloaded environments
are directly related to the opposite effect [48,50-52]. A study conduct-
ed in Serbia found a statistically relevant difference in carbapenem
resistance when COVID-19 patients were compared with patients
without COVID-19. Resistance to imipenem was 56.8% vs. 24.5% (p
< 0.001), meropenem 61.1% vs. 24.3% (p < 0.001), and ertapenem
26.1% vs. 21.7% (p = 0.03). Another study conducted in Spain report-
ed that patients with COVID-19 revealed an increased risk of nosoco-
mial infection by carbapenemase-producing Enterobacteria, associat-
ed with a high risk of mortality and being severe. In Brazil, there was
an increase in the incidence of carbapenemase-resistant A. baumannii
correlated with COVID-19 both in the ICU and outside. A change in
the sequencing of K. pneumoniae and its virulence type (from ST11 to
ST15) from 2015 to 2020, which may be related to COVID-19 [48]. The
study by Thomas et al. reported an emerging in carbapenemase-resis-
tant Enterobacteriaceae isolates by 42.8% in Brazil, and an increase

from 73.6% to 88.4% in the total number of carbapenemase genes
detected. The emergence of new genes that have not been identified
yet has been reported in Chile, Dominica and Belize, while Peru, Ec-
uador, Venezuela and Costa Rica have reported the emergence of new
combinations of carbapenemase [53-58].

Conclusion

Infections caused by multidrug-resistant bacteria are related to
the worsening prognosis and increased mortality in patients with
COVID-19. The empirical and prophylactic use of antibiotics has
been widely reported in patients with COVID-19 and is one of the
main causes for acquired resistance. Studies indicate that PCT levels
in SARS-CoV-2 infected patients of up to 0.25 ng/mL are indicative
of the absence of bacterial co-infections and are a support to avoid
inappropriate antibiotic treatment. In the pandemic scenario char-
acterized by a high use of biocidal agents, empirical and disordered
use of antibiotics, and decreased surveillance of resistance worldwide
and overcrowding of health systems, lack of medical staff and per-
sonal protective equipment in some hospitals were factors that have
been pointed out as contributing to the increase in antimicrobial re-
sistance. On the other hand, protective strategies against COVID-19,
such as quarantine, improved hand hygiene, and the use of personal
protective equipment were identified as factors able to reduce the
incidence of infections in the community. In some countries, increas-
ing in the incidence of carbapenem-resistant bacteria and new genes
and combinations have been reported, which may be related to the
COVID-19 pandemic. More research in the field of therapeutics and
alternatives management in cases of bacterial co-infection associated
with COVID-19 and its possible markers is needed, as well as investi-
gations of the possible impact of the pandemic on the global scenario
of acquired multidrug resistance.

References

1. Larsson DG]J, Flach CF (2022) Antibiotic resistance in the environment.
Nat Rev Microbiol 20(5): 257-269.

2. Pereira Filho AR, Navarini A, Mimica LM] (2022) Association of COVID-19
to multidrug-resistant bacterial superinfections and coinfections: An inte-
grative review. Medical Archives of the Hospitals and the Faculty of Medi-
cal Sciences of Santa Casa de Sao Paulo.

3. Lingas EC. Empiric Antibiotics in COVID 19: A Narrative Review. Cureus
14(6): e25596.

4. Loureiro R], Roque F, Teixeira Rodrigues A, Herdeiro MT, Ramalheira E, et
al. (2016) The use of antibiotics and bacterial resistance: Brief notes on its
evolution. Portuguese Journal of Public Health 34(1): 77-84.

5. Khalil OAK, Khalil Sda S (2020) SARS-CoV-2: Taxonomy, origin, and consti-
tution. Rev Med (Rio ]), pp. 473-479.

6. Silva DL, Lima CM, Magalhdes VCR, L M Baltazar, N T A Peres, et al.
(2021) Fungal and bacterial coinfections increase mortality of severely ill
COVID-19 patients. Journal of Hospital Infection 113: 145-54.

7. Cong W, Stuart B, Alhusein N, Binjuan Liu, Yunyi Tang, et al. (2022) Antibi-
otic Use and Bacterial Infection in COVID-19 Patients in the Second Phase
of the SARS-CoV-2 Pandemic: A Scoping Review. Antibiotics (Basel) 11(8):
991.

Copyright@ : José Alexandre da Rocha Curvelo | Biomed ] Sci & Tech Res | BJSTR.MS.ID.008697.

46960


https://dx.doi.org/10.26717/BJSTR.2024.55.008697
https://www.nature.com/articles/s41579-021-00649-x
https://www.nature.com/articles/s41579-021-00649-x
https://pubmed.ncbi.nlm.nih.gov/37153889/
https://pubmed.ncbi.nlm.nih.gov/37153889/
https://pubmed.ncbi.nlm.nih.gov/37153889/
https://pubmed.ncbi.nlm.nih.gov/37153889/
https://pubmed.ncbi.nlm.nih.gov/35795519/
https://pubmed.ncbi.nlm.nih.gov/35795519/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2937522/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2937522/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2937522/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9933829/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9933829/
https://pubmed.ncbi.nlm.nih.gov/33852950/
https://pubmed.ncbi.nlm.nih.gov/33852950/
https://pubmed.ncbi.nlm.nih.gov/33852950/
https://pubmed.ncbi.nlm.nih.gov/35892381/
https://pubmed.ncbi.nlm.nih.gov/35892381/
https://pubmed.ncbi.nlm.nih.gov/35892381/
https://pubmed.ncbi.nlm.nih.gov/35892381/

Volume 55- Issue 3

DOI: 10.26717/BJSTR.2024.55.008697

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Ghosh S, Bornman C, Zafer MM (2021) Antimicrobial Resistance Threats
in the emerging COVID-19 pandemic: Where do we stand? ] Infect Public
Health 14(5): 555-560.

Chien YW, Klugman KP, Morens DM (2009) Bacterial Pathogens and Death
during the 1918 Influenza Pandemic. New England Journal of Medicine
361(26): 2582-2583.

Sheng ZM, Chertow DS, Ambroggio X (2011) Autopsy series of 68 cases
dying before and during the 1918 influenza pandemic peak. Proceedings
of the National Academy of Sciences 108(39): 16416-16421.

Seabra G, Ventura Mendes RF, Dos Santos Amorim LFV, Ingrid Vianez
Peregrino, Marta Helena Branquinha, et al. (2024) Azithromycin Use in
COVID-19 Patients: Implications on the Antimicrobial Resistance. Curr
Top Med Chem 21(8): 677-683.

Livermore DM (2021) Antibiotic resistance during and beyond COVID-19.
JAC Antimicrob Resist 3(Suppl 1): 15-16.

Mahase E (2020) Hydroxychloroquine for covid-19: The end of the line?
BM] 2020: m2378.

Haqqi A, Awan UA, Ahmed H, Afzal MS (2021) Antimicrobial resistance
vs COVID-19: A bigger challenge in the post-pandemic era! ] Formos Med
Assoc 120(7): 1537-1538.

Wong A, Barrero Guevara LA, Goult E, Michael Briga, Sarah C Kramer, et
al. (2023) The interactions of SARS-CoV-2 with cocirculating pathogens:
Epidemiological implications and current knowledge gaps. PLoSPathog
19(3): €1011167.

Fernandes R (2022) Introduction to COVID-19. In: Bishop ], editor. Clinical
interpretation of laboratory tests in COVID-19 1: 8-23.

Santos AP, Gongalves LC, Oliveira ACC (2022) Bacterial Co-Infection in
Patients with COVID-19 Hospitalized (ICU and Not ICU): Review and Me-
ta-Analysis. Antibiotics Basel 11(7): 894.

Na YS, Baek AR, Baek MS, Won Young Kim, Jin Hyoung Kim, et al. (2023)
Clinical outcomes of and risk factors for secondary infection in patients
with severe COVID-19: A multicenter cohort study in South Korea. Korean
] Intern Med 38(1): 68-79.

Mirzaei R, Goodarzi P, Asadi M, Hussain Ali Abraham Aljanabi, Ali Salimi
Jeda, et al. (2020) Bacterial co-infections with SARS-CoV-2. IUBMB Life
72(10):2097-2111.

Fazel P, Sedighian H, Behzadi E, Kachuei R, Imani Fooladi AA (2023) In-
teraction Between SARS-CoV-2 and Pathogenic Bacteria. Curr Microbiol
80(7): 223.

Arjmand B, Alavi Moghadam S, Sarvari M, Mostafa Rezaei Tavirani, Ahmad
Rezazadeh Mafi, et al. (2023) Critical roles of cytokine storm and bacterial
infection in patients with COVID-19: Therapeutic potential of mesenchy-
mal stem cells. Inflammopharmacology (1): 171-206.

Salehi M, Khalili H, Seifi A, Hamidreza Davoudi, Ilad Alavi Darazam, et al.
(2022) Antibiotic use during the first 6 months of COVID-19 pandemic in
Iran: A large-scale multi-centre study. ] Clin Pharm Ther 47(12): 2140-
2151.

Rehman S (2023) A parallel and silent emerging pandemic: Antimicrobial
resistance (AMR) amid COVID-19 pandemic. ] Infect Public Health 16(4):
611-617.

Patton M]J, Orihuela CJ, Harrod KS, Mohammad A N Bhuiyan, Paari Domi-
nic, et al. (2023) COVID-19 bacteremic co-infection is a major risk factor
for mortality, ICU admission, and mechanical ventilation. Crit Care 27(1):
34.

Fehér A, Szarvas Z, Lehoczki A, Fekete M, Fazekas Pongor V (2022) Co-in-

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

fections in COVID-19 patients and correlation with mortality rate. Minire-
view. Physiol Int.

Tiseo G, Suardi LR, Giusti L (2022) Predictors and outcomes of respiratory
bacterial coinfections in patients with COVID-19 admitted to hospital: An
observational prospective study. Respirology. 27(11): 987-990.

0 Toole RF (2021) The interface between COVID-19 and bacterial health-
care-associated infections. Clin Microbiol Infect 27(12): 1772-1776.

Michailides C, Paraskevas T, Karalis I, loanna Koniari, Charalampos Pierra-
kos, et al. (2023) Impact of Bacterial Infections on COVID-19 Patients: Is
Timing Important? Antibiotics (Basel) 12(2): 379.

Loyola Cruz MA, Gonzalez Avila LU, Martinez Trejo A, Andres Saldafia
Padilla, Cecilia Hernandez Cortez, et al. (2023) ESKAPE and Beyond: The
Burden of Coinfections in the COVID-19 Pandemic. Pathogens 12(5): 743.

Lai CC, Chen SY, Ko WC, Hsueh PR (2021) Increased antimicrobial re-
sistance during the COVID-19 pandemic. Int ] Antimicrob Agents 57(4):
106324.

Chong WH, Saha BK, Ananthakrishnan Ramani, Chopra A (2021) State-
of-the-art review of secondary pulmonary infections in patients with
COVID-19 pneumonia. Infection 49(4): 591-605.

Chong WH, Chieng H, Tiwari A, Scott Beegle, Paul ] Feustel, et al. (2022)
Incidence and risk factors for secondary pulmonary infections in patients
hospitalized with coronavirus disease 2019 pneumonia. Am ] Med Sci
363(6): 476-483.

Alnimr AM, Alshahrani MS, Alwarthan S, Shaya Y AlQahtani, Ahmed A Has-
san, etal. (2022) Bacterial and Fungal Coinfection in Critically I1l COVID-19
Cases and Predictive Role of Procalcitonin During the First Wave at an Ac-
ademic Health Center. ] Epidemiol Glob Health 12(2): 188-1895.

Wu M, Zou Z Y, Chen YH, Wang CL, Feng YW, et al. (2022) Severe
COVID-19-associated sepsis is different from classical sepsis induced by
pulmonary infection with carbapenem-resistant klebsiella pneumonia
(CrKP). Chin ] Traumatol 25(1): 17-24.

Ceballos ME, Nufiez C, Uribe ], Maria Magdalena Vera, Ricardo Castro, et
al. (2022) Secondary respiratory early and late infections in mechanically
ventilated patients with COVID-19. BMC Infect Dis 22(1): 760.

Cimolai N (2021) The Complexity of Co-Infections in the Era of COVID-19.
SN Compr Clin Med 3(7): 1502-1514.

Gottesman T, Fedorowsky R, Yerushalmi R, Lellouche ], Nutman A
(2021) An outbreak of carbapenem-resistant Acinetobacter baumannii
in a COVID-19 dedicated hospital. Infection Prevention in Practice 3(1):
100113.

Fernandes R (2022) Inflammatory profile in COVID-1. In: Bishop | (Edt.).,
Clinical interpretation of laboratory tests in COVID-19.

Fernandes R (2022) Profile of blood count in covid-19. In: Bishop ] (Edt.).,
Clinical interpretation of laboratory tests in COVID-19, pp. 70-115.

Na YS, Baek A-R, Baek MS, Won-Young Kim, Jin Hyoung Kim, et al. (2023)
Clinical outcomes of and risk factors for secondary infection in patients
with severe COVID-19: a multicenter cohort study in South Korea. Korean
] Intern Med 38(1): 68-79.

Carbonell R, Moreno G, Martin-Loeches I, Bodi M, Rodriguez A (2023)
The Role of Biomarkers in Influenza and COVID-19 Community-Acquired
Pneumonia in Adults. Antibiotics 12(1): 161.

Patel N, Adams C, Brunetti L, Bargoud C, Teichman AL, et al. (2022) Evalu-
ation of Procalcitonin’s Utility to Predict Concomitant Bacterial Pneumo-
nia in Critically Il COVID-19 Patients. ] Intensive Care Med 37(11): 1486-
1492.

Copyright@ : José Alexandre da Rocha Curvelo | Biomed ] Sci & Tech Res | BJSTR.MS.ID.008697.

46961


https://dx.doi.org/10.26717/BJSTR.2024.55.008697
https://pubmed.ncbi.nlm.nih.gov/33848884/
https://pubmed.ncbi.nlm.nih.gov/33848884/
https://pubmed.ncbi.nlm.nih.gov/33848884/
https://pubmed.ncbi.nlm.nih.gov/20032332/
https://pubmed.ncbi.nlm.nih.gov/20032332/
https://pubmed.ncbi.nlm.nih.gov/20032332/
https://pubmed.ncbi.nlm.nih.gov/33848884/
https://pubmed.ncbi.nlm.nih.gov/33848884/
https://pubmed.ncbi.nlm.nih.gov/33848884/
https://pubmed.ncbi.nlm.nih.gov/34028347/
https://pubmed.ncbi.nlm.nih.gov/34028347/
https://pubmed.ncbi.nlm.nih.gov/34028347/
https://pubmed.ncbi.nlm.nih.gov/34028347/
https://pubmed.ncbi.nlm.nih.gov/34223149/
https://pubmed.ncbi.nlm.nih.gov/34223149/
https://pubmed.ncbi.nlm.nih.gov/32540958/
https://pubmed.ncbi.nlm.nih.gov/32540958/
https://pubmed.ncbi.nlm.nih.gov/33771414/
https://pubmed.ncbi.nlm.nih.gov/33771414/
https://pubmed.ncbi.nlm.nih.gov/33771414/
https://pubmed.ncbi.nlm.nih.gov/36888684/
https://pubmed.ncbi.nlm.nih.gov/36888684/
https://pubmed.ncbi.nlm.nih.gov/36888684/
https://pubmed.ncbi.nlm.nih.gov/36888684/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7809683/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7809683/
https://pubmed.ncbi.nlm.nih.gov/35884147/
https://pubmed.ncbi.nlm.nih.gov/35884147/
https://pubmed.ncbi.nlm.nih.gov/35884147/
https://pubmed.ncbi.nlm.nih.gov/36420564/
https://pubmed.ncbi.nlm.nih.gov/36420564/
https://pubmed.ncbi.nlm.nih.gov/36420564/
https://pubmed.ncbi.nlm.nih.gov/36420564/
https://pubmed.ncbi.nlm.nih.gov/32770825/
https://pubmed.ncbi.nlm.nih.gov/32770825/
https://pubmed.ncbi.nlm.nih.gov/32770825/
https://pubmed.ncbi.nlm.nih.gov/37222840/
https://pubmed.ncbi.nlm.nih.gov/37222840/
https://pubmed.ncbi.nlm.nih.gov/37222840/
https://pubmed.ncbi.nlm.nih.gov/36600055/
https://pubmed.ncbi.nlm.nih.gov/36600055/
https://pubmed.ncbi.nlm.nih.gov/36600055/
https://pubmed.ncbi.nlm.nih.gov/36600055/
https://pubmed.ncbi.nlm.nih.gov/36054303/
https://pubmed.ncbi.nlm.nih.gov/36054303/
https://pubmed.ncbi.nlm.nih.gov/36054303/
https://pubmed.ncbi.nlm.nih.gov/36054303/
https://pubmed.ncbi.nlm.nih.gov/36857834/
https://pubmed.ncbi.nlm.nih.gov/36857834/
https://pubmed.ncbi.nlm.nih.gov/36857834/
https://pubmed.ncbi.nlm.nih.gov/36691080/
https://pubmed.ncbi.nlm.nih.gov/36691080/
https://pubmed.ncbi.nlm.nih.gov/36691080/
https://pubmed.ncbi.nlm.nih.gov/36691080/
https://pubmed.ncbi.nlm.nih.gov/35218335/
https://pubmed.ncbi.nlm.nih.gov/35218335/
https://pubmed.ncbi.nlm.nih.gov/35218335/
https://pubmed.ncbi.nlm.nih.gov/36113869/
https://pubmed.ncbi.nlm.nih.gov/36113869/
https://pubmed.ncbi.nlm.nih.gov/36113869/
https://pubmed.ncbi.nlm.nih.gov/34111586/
https://pubmed.ncbi.nlm.nih.gov/34111586/
https://pubmed.ncbi.nlm.nih.gov/36830290/
https://pubmed.ncbi.nlm.nih.gov/36830290/
https://pubmed.ncbi.nlm.nih.gov/36830290/
https://pubmed.ncbi.nlm.nih.gov/37242413/
https://pubmed.ncbi.nlm.nih.gov/37242413/
https://pubmed.ncbi.nlm.nih.gov/37242413/
https://pubmed.ncbi.nlm.nih.gov/33746045/
https://pubmed.ncbi.nlm.nih.gov/33746045/
https://pubmed.ncbi.nlm.nih.gov/33746045/
https://pubmed.ncbi.nlm.nih.gov/33709380/
https://pubmed.ncbi.nlm.nih.gov/33709380/
https://pubmed.ncbi.nlm.nih.gov/33709380/
https://pubmed.ncbi.nlm.nih.gov/33894182/
https://pubmed.ncbi.nlm.nih.gov/33894182/
https://pubmed.ncbi.nlm.nih.gov/33894182/
https://pubmed.ncbi.nlm.nih.gov/33894182/
https://pubmed.ncbi.nlm.nih.gov/35397070/
https://pubmed.ncbi.nlm.nih.gov/35397070/
https://pubmed.ncbi.nlm.nih.gov/35397070/
https://pubmed.ncbi.nlm.nih.gov/35397070/
https://pubmed.ncbi.nlm.nih.gov/34815141/
https://pubmed.ncbi.nlm.nih.gov/34815141/
https://pubmed.ncbi.nlm.nih.gov/34815141/
https://pubmed.ncbi.nlm.nih.gov/34815141/
https://pubmed.ncbi.nlm.nih.gov/36175841/
https://pubmed.ncbi.nlm.nih.gov/36175841/
https://pubmed.ncbi.nlm.nih.gov/36175841/
https://pubmed.ncbi.nlm.nih.gov/33937631/
https://pubmed.ncbi.nlm.nih.gov/33937631/
https://pubmed.ncbi.nlm.nih.gov/34316574/
https://pubmed.ncbi.nlm.nih.gov/34316574/
https://pubmed.ncbi.nlm.nih.gov/34316574/
https://pubmed.ncbi.nlm.nih.gov/34316574/
https://pubmed.ncbi.nlm.nih.gov/36420564/
https://pubmed.ncbi.nlm.nih.gov/36420564/
https://pubmed.ncbi.nlm.nih.gov/36420564/
https://pubmed.ncbi.nlm.nih.gov/36420564/
https://pubmed.ncbi.nlm.nih.gov/36671362/
https://pubmed.ncbi.nlm.nih.gov/36671362/
https://pubmed.ncbi.nlm.nih.gov/36671362/
https://pubmed.ncbi.nlm.nih.gov/35711161/
https://pubmed.ncbi.nlm.nih.gov/35711161/
https://pubmed.ncbi.nlm.nih.gov/35711161/
https://pubmed.ncbi.nlm.nih.gov/35711161/

Volume 55- Issue 3

DOI: 10.26717/BJSTR.2024.55.008697

43.

44.

45.

46.

47.

48.

49.

50.

51.

Schouten ], De Waele ], Lanckohr C, Despoina Koulenti, Nisrine Haddad,
etal. (2021) Antimicrobial stewardship in the ICU in COVID-19 times: the
known unknowns. Int ] Antimicrob Agents 58(4): 106409.

Giannella M, Rinaldi M, Tesini G, Mena Gallo, Veronica Cipriani, et al.
(2022) Predictive model for bacterial co-infection in patients hospital-
ized for COVID-19: a multicenter observational cohort study. Infection
50(5):1243-1253.

Kyriazopoulou E, Giamarellos-Bourboulis EJ (2022) Antimicrobial Stew-
ardship Using Biomarkers: Accumulating Evidence for the Critically IlL
Antibiotics (Basel) 11(3): 367.

Gorski A, Borysowski ], Miedzybrodzki R (2020) Sepsis, Phages, and
COVID-19. Pathogens 9(10): 844.

Boyanova L, Markovska R, Mitov I, Gergova R (2022) Non-viral infections
and antimicrobial resistance in the time of COVID-19: what to expect? Ex-
pert Rev Clin Pharmacol 15(8): 907-999.

Ayoub Moubareck C, Hammoudi Halat D (2022) The Collateral Effects of
COVID-19 Pandemic on the Status of Carbapenemase Producing Patho-
gens. Front Cell Infect Microbiol 12.

Langford BJ, Soucy J-PR, Leung V, Miranda So, Angela T H Kwan, et al.
(2023) Antibiotic resistance associated with the COVID-19 pandemic: a
systematic review and meta-analysis. Clin Microbiol Infect 29(3): 302-
399.

Serapide F, Quirino A, Scaglione V, Helen Linda Morrone, Federico Longhi-
ni, et al. (2022) Is the Pendulum of Antimicrobial Drug Resistance Swing-
ing Back after COVID-19? Microorganisms 10(5): 957.

Elton L, Abdel Hamid MM, Tembo ], Hana Elbadawi, Kwitaka Maluzi, et al.
(2023) A pandemic within a pandemic? Admission to COVID-19 wards in
hospitals is associated with increased prevalence of antimicrobial resis-
tance in two African settings. Ann Clin Microbiol Antimicrobe 22(1): 25.

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2024.55.008697

José Alexandre da Rocha Curvelo. Biomed ] Sci & Tech Res

@ @ @ This work is licensed under Creative

Commons Attribution 4.0 License

Submission Link: https://biomedres.us/submit-manuscript.php

52. Smith DRM, Shirreff G, Temime L, Opatowski L (2023) Collateral impacts
of pandemic COVID-19 drive the nosocomial spread of antibiotic resis-
tance: A modelling study. PLoS Med 20(6): e1004240.

53. Thomas GR, Corso A, Pasteran F, Justina Shal, Aldo Sosa, et al. (2022) In-
creased Detection of Carbapenemase-Producing Enterobacterales Bacte-
ria in Latin America and the Caribbean during the COVID-19 Pandemic.
EmerglnfectDis 28(11): 1-8.

54. Vlad ND, Cernat RC, Carp S, Romelia Mitan, Andrei Dumitru, et al. (2022)
Predictors of carbapenem-resistant Enterobacteriaceae (CRE) strains
in patients with COVID-19 in the ICU ward: A retrospective case-control
study. ] Int Med Res 50(10): 3000605221129154.

55. Subagdja MFM, Sugianli AK, Prodjosoewojo S, Hartantri Y, Parwati |, et al.
(2022) Antibiotic Resistance in COVID-19 with Bacterial Infection: Labo-
ratory-Based Surveillance Study at Single Tertiary Hospital in Indonesia.
Infect Drug Resist 15: 5849-5856.

56. Lavrinenko A, Kolesnichenko S, Kadyrova I, Turmukhambetova A,
Akhmaltdinova L, et al. (2022) Bacterial Co-Infections and Antimicro-
bial Resistance in Patients Hospitalized with Suspected or Confirmed
COVID-19 Pneumonia in Kazakhstan. Pathogens 12(3): 370.

57. Alcantar Curiel MD, Huerta Cedefio M, Jarillo Quijada MD (2023)
Gram-negative ESKAPE bacteria bloodstream infections in patients during
the COVID-19 pandemic. Peer] 11: e15007.

58. Fernandes R (2022) Microbiological profile in COVID-19. In: Bishop ]
(Edt.)., Clinical interpretation of laboratory tests in COVID-19 (1% Edn.).,
Sao Paulo: Vitae Editora.

Assets of Publishing with us

BIOMEDICAL
RESEARCHES ¢ Global archiving of articles

B A e Immediate, unrestricted online access

‘'8 @ % ¢ Rigorous Peer Review Process

*/’o“'ﬁ
- 1

2 ¢ Authors Retain Copyrights

v [ 1 e Unique DOI for all articles

ISSN: 2574-1241

https://biomedres.us/

Copyright@ : José Alexandre da Rocha Curvelo | Biomed ] Sci & Tech Res | BJSTR.MS.ID.008697. 46962


https://dx.doi.org/10.26717/BJSTR.2024.55.008697
https://pubmed.ncbi.nlm.nih.gov/34339777/
https://pubmed.ncbi.nlm.nih.gov/34339777/
https://pubmed.ncbi.nlm.nih.gov/34339777/
https://pubmed.ncbi.nlm.nih.gov/35488112/
https://pubmed.ncbi.nlm.nih.gov/35488112/
https://pubmed.ncbi.nlm.nih.gov/35488112/
https://pubmed.ncbi.nlm.nih.gov/35488112/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8944654/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8944654/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8944654/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7602634/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7602634/
https://pubmed.ncbi.nlm.nih.gov/35912839/
https://pubmed.ncbi.nlm.nih.gov/35912839/
https://pubmed.ncbi.nlm.nih.gov/35912839/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8968076/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8968076/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8968076/
https://pubmed.ncbi.nlm.nih.gov/36509377/
https://pubmed.ncbi.nlm.nih.gov/36509377/
https://pubmed.ncbi.nlm.nih.gov/36509377/
https://pubmed.ncbi.nlm.nih.gov/36509377/
https://pubmed.ncbi.nlm.nih.gov/35630400/
https://pubmed.ncbi.nlm.nih.gov/35630400/
https://pubmed.ncbi.nlm.nih.gov/35630400/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10101537/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10101537/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10101537/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10101537/
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1004240
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1004240
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1004240
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9622262/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9622262/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9622262/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9622262/
https://pubmed.ncbi.nlm.nih.gov/36259133/
https://pubmed.ncbi.nlm.nih.gov/36259133/
https://pubmed.ncbi.nlm.nih.gov/36259133/
https://pubmed.ncbi.nlm.nih.gov/36259133/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9547599/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9547599/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9547599/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9547599/
https://pubmed.ncbi.nlm.nih.gov/36986292/
https://pubmed.ncbi.nlm.nih.gov/36986292/
https://pubmed.ncbi.nlm.nih.gov/36986292/
https://pubmed.ncbi.nlm.nih.gov/36986292/
https://pubmed.ncbi.nlm.nih.gov/37013147/
https://pubmed.ncbi.nlm.nih.gov/37013147/
https://pubmed.ncbi.nlm.nih.gov/37013147/
https://dx.doi.org/10.26717/BJSTR.2024.55.008697

