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is a vulnerable time in life. In some neonatal intensive care units, more than 70% of neonates have been prescribed antibiotics.
Early use of antibiotics can have undesirable consequences in the clinical course of these babies, such as antibiotic resistance,
altered microbiome, interference with mother–child interaction, and high healthcare costs. Our study aimed to describe the use of
antibiotics and other aspects of early- and late-onset sepsis management by European Neonatal Intensive Care Units. Our findings
could improve the treatment of neonatal sepsis by highlighting areas in need of further improvements, such as implementing new
guidelines focused on establishing antibiotic termination and tuning antibiotic therapy for late-onset sepsis or necrotizing
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Abstract The use of natural products to promote health is as old as human civilization. In recent years, the perception of natural products derived from
plants as abundant sources of biologically active compounds has driven their exploitation towards the search for new chemical products [...] Read more.
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Abstract Antimicrobial peptides have been proposed as antibiofilm agents. Therefore, we evaluated the effect of endodontic irrigants combined or not with
the antimicrobial peptide nisin against an endodontic biofilm model composed of eleven bacterial species. Biofilms were grown on hydroxyapatite discs for
3, 15 [...] Read more.
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Abstract Multidrug-resistant Enterobacterales (MDRE) are an emerging threat to global health, leading to rising health care costs, morbidity and mortality.
Multidrug-resistance is commonly caused by different β-lactamases (e.g., ESBLs and carbapenemases), sometimes in combination with other resistance
mechanisms (e.g., porin loss, efflux). The continuous [...] Read more.
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Abstract Rifampin is one of the most important biofilm-active antibiotics in the treatment of periprosthetic joint infection (PJI), and antibiotic regimens not
involving rifampin were shown to have higher failure rates. Therefore, an emerging rifampin resistance can have a devastating effect on the outcome [...]
Read more.
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Abstract Recent years have witnessed a tremendous interest in the use of essential oils in biomedical applications due to their intrinsic antimicrobial,
antioxidant, and anticancer properties. However, their low aqueous solubility and high volatility compromise their maximum potential, thus requiring the
development of efficient [...] Read more.
(This article belongs to the Special Issue Antimicrobial-Loaded Nanoparticles: Counteraction of Biofilm Formation and Antibiotic Resistance (
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Abstract Cationic anticancer peptides have exhibited potent anti-proliferative and anti-inflammatory effects in neoplastic illness conditions. LyeTx I-b is a
synthetic peptide derived from Lycosa erythrognatha spider venom that previously showed antibiotic activity in vitro and in vivo. This study focused on the
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Abstract Aquaculture is a growing sector, providing several products for human consumption, and it is therefore important to guarantee its quality and
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Abstract Aerobic vaginitis (AV) is a vaginal infectious condition, characterized by a high inflammatory response and/or signs of epithelial atrophy, a
decrease in the amount of Lactobacillus spp. and an increase in enteric origin bacteria. AV, often misdiagnosed, is difficult to treat due to [...] Read more.
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Abstract Outpatient antibiotic use is closely related to antimicrobial resistance and in Germany, almost 70% of antibiotic prescriptions in human health are
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Abstract This prospective observational study aimed to clinically describe voriconazole administrations and trough concentrations in patients with Child–
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Abstract Ethnopharmacological approaches provide clues for the search of bioactive compounds. Dryopteris ramosa (Hope) C. Chr. (plant family:
Dryopteridaceae) is an ethnomedicinal plant of the Galliyat region of Pakistan. The aqueous fraction (AqF) of D. ramosa is being used by inhabitants of the
Galliyat [...] Read more.
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Abstract Bacterial resistance to antibiotics has proven difficult to control over the past few decades. The large group of multidrug-resistant bacteria
includes carbapenemase-producing bacteria (CPB), for which limited therapeutic options and infection control measures are available. Furthermore,
carbapenemases associate with high-risk clones that are [...] Read more.
(This article belongs to the Special Issue Carbapenemase-Producing Enterobacterales ( /journal/antibiotics/special_issues/Carbapenemase ))

Open Access Review

Review of Ceftazidime-Avibactam for the Treatment of Infections Caused by Pseudomonas aeruginosa (/2079-6382/10/9/1126)
by George L. Daikos (https://sciprofiles.com/profile/1713858),

Clóvis Arns da Cunha (https://sciprofiles.com/profile/author/SVRMRkR2cnlMcFBZanNTazdtT2VoMWJESHpvWDZTQkw4ZXlnR3BTSE11OD0=)
,

Gian Maria Rossolini (https://sciprofiles.com/profile/2859118),
Gregory G. Stone (https://sciprofiles.com/profile/author/RlBGSDkvaU1aNkw5cnd2bWxPRi92eDVVZVFJbE1zMDdRNms5Nk9LRk9YWT0=),
Nathalie Baillon-Plot (https://sciprofiles.com/profile/author/U013Q29HQ2JhRTJCMlhtelhnRThEYnJEN2dRYmVSVy9MeHp0MkhJeHZWOXRvRE

,
Margaret Tawadrous (https://sciprofiles.com/profile/2271816) and
Paurus Irani (https://sciprofiles.com/profile/author/akg5YnNYWUpQVm9tOE00aXlmRVNlTmhQUWp5ZlBwWGUxK1J1MkU0NmhKST0=)

Antibiotics 2021, 10(9), 1126; https://doi.org/10.3390/antibiotics10091126 (https://doi.org/10.3390/antibiotics10091126) - 18 Sep 2021
Cited by 15 (/2079-6382/10/9/1126#metrics) | Viewed by 4787

Abstract Pseudomonas aeruginosa is an opportunistic Gram-negative pathogen that causes a range of serious infections that are often challenging to
treat, as this pathogen can express multiple resistance mechanisms, including multidrug-resistant (MDR) and extensively drug-resistant (XDR)
phenotypes. Ceftazidime–avibactam is a combination antimicrobial agent comprising [...] Read more.

Open Access Article

Periprosthetic Infections of the Shoulder Joint: Characteristics and 5-Year Outcome of a Single-Center Series of 19 Cases (/2079-
6382/10/9/1125)
by Mohamad Bdeir (https://sciprofiles.com/profile/author/NElZWkozaXZqV2V2Uy9ObmlrMGVma3RIOEJnSHBCRUVrMlgyZEt0dU5Obz0=),

Franz-Joseph Dally (https://sciprofiles.com/profile/author/OUhrZUppSUpGanZKMklRZUhVdTZkL0RmR3M5NnRWMlVReXptSjA1ZlkvUT0=),
Elio Assaf (https://sciprofiles.com/profile/author/TURNOVpYZ1c4ZkhWZ1ovSXlIb09XMW1SQXd6ZlZZV3NFaVdmMVRXSERGbz0=),
Sascha Gravius (https://sciprofiles.com/profile/2042811),

Back to TopTop

  

 (/)

zoom_out_map
 (/toggle_desktop_layout_cookie)searchmenu

attachmentget_app (/2079-6382/10/9/1124/pdf?version=1631927885)subject

attachmentget_app (/2079-6382/10/9/1123/pdf?version=1631882870)subject

attachmentget_app (/2079-6382/10/9/1122/pdf?version=1634182772)subject

Elisabeth Mohs (https://sciprofiles.com/profile/author/K0ordzJnMmpITjNsdVRlQjhGRGk0U29yS216NnlQV1cxT25zZ0xXSjd1Yz0=),
Svetlana Hetjens (https://sciprofiles.com/profile/author/STVtS2ljL2JDSjRyZ1piUEsxemQwU2lUV2NoTU1JMjloWlNaQmtFL3g5WHZsQ3Y2N0taN

and
Ali Darwich (https://sciprofiles.com/profile/1419196)

Antibiotics 2021, 10(9), 1125; https://doi.org/10.3390/antibiotics10091125 (https://doi.org/10.3390/antibiotics10091125) - 18 Sep 2021
Cited by 2 (/2079-6382/10/9/1125#metrics) | Viewed by 1499

Abstract Periprosthetic shoulder infection (PSI) remains a devastating complication after total shoulder arthroplasty (TSA). Furthermore, there is a paucity
in the literature regarding its diagnostic and therapeutic management, especially the absence of therapy concepts devised exclusively for PSI. The aim of
the presenting study [...] Read more.
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Abstract The use and misuse of antibiotics in both humans and animals contributes to the global emergence of antimicrobial resistant (AMR) bacteria, a
threat to public health and infection control. Currently, India is the world’s leading milk producer but antibiotic usage within the dairy [...] Read more.
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Abstract Antimicrobial resistance (AMR) remains an important global public health issue with antimicrobial misuse and overuse being one of the main
drivers. The Global Point Prevalence Survey (G-PPS) of Antimicrobial Consumption and Resistance assesses the prevalence and the quality of
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Abstract Background: Necrotizing fasciitis (NF) is a rapidly progressive inflammatory infection of the soft tissue (also known as the fascia) with a
secondary necrosis of the subcutaneous tissues, leading to a systemic inflammatory response syndrome (SIRS), shock and eventually death despite the
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Abstract Antibacterial prescribing in patients presenting with COVID-19 remains discordant to rates of bacterial co-infection. Implementing diagnostic
tests to exclude bacterial infection may aid reduction in antibacterial prescribing. (1) Method: A retrospective observational analysis was undertaken of all
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Abstract Antibiotic efflux is a mechanism that is well-documented in the phenotype of multidrug resistance in bacteria. Efflux is considered as an early
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Abstract Gram positive pathogens are a significant cause of healthcare-associated infections, with Staphylococci and Enterococci being the most
prevalent ones. Vancomycin, a last resort glycopeptide, is used to fight these bacteria but the emergence of resistance against this drug leaves some
patients with few [...] Read more.
(This article belongs to the Special Issue Antibiotics and Antimicrobials Resistance: Mechanisms and New Strategies to Fight Resistant Bacteria (
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Abstract Limited therapeutic options are available for multidrug-resistant Acinetobacter baumannii (MDR-AB), and the development of effective
treatments is urgently needed. The efficacy of four aerosolized antibiotics (gentamicin, amikacin, imipenem, and meropenem) on three different MDR-AB
strains was evaluated using hypertonic saline (HS, 7 g/100 [...] Read more.
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Abstract The effect of a nutraceutical mixture, based on live yeast (LY), mannan oligosaccharides (MOS) and organic selenium (Se) on health status, as
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Abstract Common self-limiting infections can be self-managed by patients, potentially reducing consultations and unnecessary antibiotic use. This
qualitative study informed by the Theoretical Domains Framework (TDF) aimed to explore healthcare professionals’ (HCPs) and patients’ needs on
provision of self-care and safety-netting advice for common [...] Read more.
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Abstract Background: Voriconazole is an antifungal drug used as one of the first-line treatments for invasive aspergillosis. This drug is extensively
metabolized, predominantly via cytochrome P450 enzymes. An interaction between flucloxacillin and voriconazole, leading to subtherapeutic voriconazole
concentrations, has previously been reported. We aimed [...] Read more.
(This article belongs to the Special Issue Optimizing Antibiotic Treatment: Pharmacokinetics and Clinical Trials (
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Abstract Antibiotic resistance of the indicator microorganism Escherichia coli was investigated in isolates from samples collected during the course of one
year from two wastewater treatment plants treating municipal and animal wastes in Slovakia, respectively. The genes of antibiotic resistance and virulence
factors in [...] Read more.
(This article belongs to the Special Issue Antibiotic Resistance in Wastewater and Its Treatment (
/journal/antibiotics/special_issues/Antibiotic_Wastewater_Treatment ))

► Show Figures
(https://pub.mdpi-res.com/antibiotics/antibiotics-10-01111/article_deploy/html/images/antibiotics-10-01111-g001-550.jpg?1632186640)

(https://pub.mdpi-res.com/antibiotics/antibiotics-10-01111/article_deploy/html/images/antibiotics-10-01111-g002-550.jpg?1632186640)

(https://pub.mdpi-res.com/antibiotics/antibiotics-10-01111/article_deploy/html/images/antibiotics-10-01111-g003-550.jpg?1632186640)

Open Access Article

Rapid Detection of Multiple Classes of β-Lactam Antibiotics in Blood Using an NDM-1 Biosensing Assay (/2079-6382/10/9/1110)
by Qinglai Meng (https://sciprofiles.com/profile/1752774),

Yao Wang (https://sciprofiles.com/profile/author/RmJqRktqSldueFRwT0RHazlsMFV0aXoyUXJRcFQ0U2JZMTdLMllDbDVTZz0=),
Yali Long (https://sciprofiles.com/profile/author/Z3Nwd2xzUlBhUGMvcW43SHNzTmhnaTB0b3NybUNqT3liMTlzZ2QwRWd4Zz0=),
Aiping Yue (https://sciprofiles.com/profile/author/MGN4KzM0amJhQnREMUNrWjZDczZ1UkFHUGQzNEk2TjBTdU9zdUNKZHlmQT0=),
Michael Mecklenburg (https://sciprofiles.com/profile/1776661),
Shuaiyan Tian (https://sciprofiles.com/profile/author/eStPNTRGQkxGYWZyYXBYbENRWktDWlV5WmUxeVluUllwejhVNjVtcEp4bz0=),
Yujia Fu (https://sciprofiles.com/profile/author/VXNPYnlTY2w5cHpaQlZveU04eGllNWw1Ukp6YThaOElwUHpwaWtFR2xoUT0=),
Xiangyu Yao (https://sciprofiles.com/profile/author/UUZuczhEc3NhaEFlZnF6YmZUb3BXZ3kzYmVKOFRPdkRpTW14OTYyTjBSQT0=),
Jianyi Liu (https://sciprofiles.com/profile/author/SVYvR3Z4bi9IQVR3c2k0Y1BXdEFtUT09),
Dewei Song (https://sciprofiles.com/profile/1755040), Changxin Wu (https://sciprofiles.com/profile/559355) and
Bin Xie (https://sciprofiles.com/profile/1755041)

Antibiotics 2021, 10(9), 1110; https://doi.org/10.3390/antibiotics10091110 (https://doi.org/10.3390/antibiotics10091110) - 14 Sep 2021
Cited by 1 (/2079-6382/10/9/1110#metrics) | Viewed by 1849

Abstract Currently, assays for rapid therapeutic drug monitoring (TDM) of β-lactam antibiotics in blood, which might be of benefit in optimizing doses for
treatment of critically ill patients, remain challenging. Previously, we developed an assay for determining the penicillin-class antibiotics in blood using a [...]
Read more.
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Abstract The misuse of antibiotics during the last decades led to the emergence of multidrug resistant pathogenic bacteria. This phenomenon constitutes
a major public health issue. Consequently, the discovery of new antibacterials in the short term is crucial. Colicins, due to their antibacterial properties, [...]
Read more.
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Abstract Antimicrobial resistance has been increasing globally, which negatively affects food safety, veterinary, and human medicine. Ineffective
antibiotics may cause treatment failure, which results in prolonged hospitalisation, increased mortality, and consequently, increased health care costs.
Staphylococcus aureus causes a diverse range of infections including [...] Read more.
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Abstract Multi-drug-resistant (MDR) organisms pose a global threat to modern medicine, which has grown as a result of irrational antibiotic use and
misuse. This study aimed to assess general public knowledge in Jordan and awareness of antibiotics and antibiotic resistance during the COVID-19
pandemic. [...] Read more.
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Abstract Background: Antibiotic resistance has become a growing global problem where overprescription is a contributing factor for its development. In
the endodontics field, complementary treatments, such as antimicrobial photodynamic therapy (aPDT), have been described to eliminate residual bacteria
from the root canal space and [...] Read more.
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Abstract Recurrent skin and soft tissue infections (SSTI) caused by Community-Associated Methicillin-Resistant Staphylococcus aureus (CA-MRSA) or
Methicillin-Sensitive Staphylococcus aureus (CA-MSSA) present treatment challenges. This community-based trial examined the effectiveness of an
evidence-based intervention (CDC Guidelines, topical decolonization, surface decontamination) to reduce SSTI recurrence, mitigate [...] Read more.
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Abstract Necrotizing soft tissue infections (NSTIs) are rare life-threatening bacterial infections characterized by an extensive necrosis of skin and
subcutaneous tissues. Initial urgent management of NSTIs relies on broad-spectrum antibiotic therapy, rapid surgical debridement of all infected tissues
and, when present, treatment of associated [...] Read more.
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Abstract Multidrug-resistant bacteria and antibiotic resistance genes can be monitored as indicators of contamination in several environments. Mangroves
are among the most productive ecosystems, and although they can be resilient to the action of climate phenomena, their equilibrium can be affected by
anthropogenic activities. [...] Read more.
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Abstract Partricin is a heptaene macrolide antibiotic complex that exhibits exceptional antifungal activity, yet poor selective toxicity, in the pathogen/host
system. It consists of two compounds, namely partricin A and B, and both of these molecules incorporate two cis-type bonds within their heptaenic [...]
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Abstract Enterotoxigenic Escherichia coli (ETEC) is the main infectious agent responsible for piglet post-weaning diarrhea with high mortality rates.
Antimicrobials represent the current principal strategy for treating ETEC infections in pig farms, but the occurrence of multi-resistant bacterial strains has
considerably increased in the [...] Read more.
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Abstract Irrigation water is well known as potential source of pathogens in fresh produce. However, its role in transferring antibiotic resistance
determinants is less well investigated. Therefore, we analyzed the contribution of surface and tap water to the resistome of overhead-irrigated chive plants.
Field-grown [...] Read more.
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Abstract The aim of this study was to determine the prevalence of fecal ESBL-producing Escherichia coli (E. coli) in pigs on large and small farms in
Latvia, to characterize beta-lactamase genes and establish an antimicrobial resistance profile. Fecal samples (n = 615) [...] Read more.
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Abstract The ageing of the population—especially in developed countries—has brought on many societal challenges and has significantly contributed to
the burden on healthcare infrastructures worldwide. Elderly persons (aged ≥ 65 years) are at higher risk for developing UTIs, due to a range of intrinsic [...]
Read more.
(This article belongs to the Special Issue The Equal Power of Antibiotics and Antimicrobial Resistance: The Continuing Development of New
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Abstract With the increase of drug resistance caused by the improper use and abuse of antibiotics, human beings are facing a global health crisis.
Sequencing of Streptomyces genomes revealed the presence of an important reservoir of secondary metabolic gene clusters for previously unsuspected
products [...] Read more.
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Abstract This study aimed to provide comparative information of pharmaceutical properties, including particle morphology and distribution uniformity,
solubility, presence of residual solvent and insoluble particles, and antimicrobial activities, between brand-name meropenem (Mepem®, BNM) and its six
generic products (GPs A-F) marketed in [...] Read more.
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Abstract Antimicrobial peptides constitute one of the most promising alternatives to antibiotics since they could be used to treat bacterial infections,
especially those caused by multidrug-resistant pathogens. Many antimicrobial peptides, with various activity spectra and mechanisms of actions, have
been described. This review focuses [...] Read more.
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Abstract In a report by WHO (2014), it was stated that antimicrobial resistance is an arising challenge that needs to be resolved. This resistance is a
critical issue in terms of disease or infection treatment and is usually caused due to mutation, gene transfer, [...] Read more.
(This article belongs to the Special Issue Antimicrobial Activity of Medical Materials ( /journal/antibiotics/special_issues/Medical_Materials ))
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Abstract Cloistridioides difficile (CD) represents a major public healthcare-associated infection causing significant morbidity and mortality. The pathogenic
effects of CD are mainly caused by the release of two exotoxins into the intestine: toxin A (TcdA) and toxin B (TcdB). CD infection (CDI) can also [...] Read
more.
(This article belongs to the Special Issue Clostridioides difficile Infection ( /journal/antibiotics/special_issues/clostri_difficile ))

► Show Figures
(https://pub.mdpi-res.com/antibiotics/antibiotics-10-01093/article_deploy/html/images/antibiotics-10-01093-g001-550.jpg?1631252862)

(https://pub.mdpi-res.com/antibiotics/antibiotics-10-01093/article_deploy/html/images/antibiotics-10-01093-g002-550.jpg?1631252862)

Open Access Article

Growth Suppression of a Gingivitis and Skin Pathogen Cutibacterium (Propionibacterium) acnes by Medicinal Plant Extracts (/2079-
6382/10/9/1092)
by Hyoung-An Choi (https://sciprofiles.com/profile/author/T3psdmU1aTVKLy9QUEV6MmNrRVNVUmNTZ211MXdlampqQVgrRFhTNFZhRT0=),

Sang-Oh Ahn (https://sciprofiles.com/profile/1640075),
Ho-Dong Lim (https://sciprofiles.com/profile/author/VVBNSVJmb0JwVDJxZzZaaUNBRE9BQmxIeWJGNGRwUVVOVml2dE1kMjJROD0=) and
Geun-Joong Kim (https://sciprofiles.com/profile/556792)

Antibiotics 2021, 10(9), 1092; https://doi.org/10.3390/antibiotics10091092 (https://doi.org/10.3390/antibiotics10091092) - 09 Sep 2021
Cited by 3 (/2079-6382/10/9/1092#metrics) | Viewed by 1789

Abstract Propionibacterium acnes, newly reclassified as Cutibacterium acnes, is an anaerobic Gram-positive bacterium causing acne, found mainly on
the skin. In addition, P. acnes is responsible for inflammation of the gums (gingivitis) and blood vessels, consequently leading to various diseases in the
[...] Read more.
(This article belongs to the Special Issue Antimicrobial Activity of Extracts from Plant ( /journal/antibiotics/special_issues/antimicrobial_anti_plant
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Abstract The study aims were to investigate knowledge and attitudes towards antibiotics and antibiotic resistance (ABR), and to assess the extent of
practices regarding antibiotic consumption and Internet use among university students in Southern Italy. Data were collected through an anonymous online
questionnaire from [...] Read more.
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Abstract Salvia rosmarinus Spenn. and Salvia jordanii J.B.Walker are aromatic evergreen shrubs belonging to the Lamiaceae family. Their aerial parts
have been used since ancient times as natural preservatives. The present study reported the investigation of the chemical profile and the extraction yield
of [...] Read more.
(This article belongs to the Special Issue 10th Anniversary of Antibiotics—Recent Advances in Plant-Derived Antibiotics (
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Abstract Antimicrobial susceptibility testing (AST) is routinely used to establish predictive antibiotic resistance metrics to guide the treatment of bacterial
pathogens. Recently, a novel phenotype termed “bicarbonate (NaHCO3)-responsiveness” was identified in a relatively high frequency of clinical MRSA
strains, wherein isolates demonstrate [...] Read more.
(This article belongs to the Special Issue Current Technique for Antibiotic Susceptibility Test: Advantages and Limitations; Need for Next-
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Abstract We systematically reviewed the efficacy and safety of an extended or continuous infusion (EI/CI) versus short-term infusion (STI) of
carbapenems in children with severe infections. Databases, including PubMed, Embase, the Cochrane Library, Clinicaltrials.gov, China National
Knowledge Infrastructure, WanFang Data, and SinoMed, were systematically [...] Read more.
(This article belongs to the Special Issue Appropriateness of Antibiotics in China ( /journal/antibiotics/special_issues/China_Antibiotics ))
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Abstract Knee septic arthritis is a devastating complication following anterior cruciate ligament (ACL) reconstruction. To prevent this issue, intraoperative
soaking of ACL grafts with vancomycin is often performed before implantation. Although vancomycin cytotoxicity has been reported several times, little is
known about its biological [...] Read more.
(This article belongs to the Special Issue Antibiotics in Orthopedic Infections ( /journal/antibiotics/special_issues/orthopedic_infec ))
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Abstract Probiotic supplements have been used to decrease the gut carriage of antimicrobial-resistant Enterobacterales through changes in the
microbiota and metabolomes, nutrition competition, and the secretion of antimicrobial proteins. Many probiotics have shown Enterobacterales-inhibiting
effects ex vivo and in vivo. In livestock, probiotics [...] Read more.
(This article belongs to the Special Issue The Effects of Antibiotics and Various Other Drugs on Microbiota: Roles in Health and Disease (
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Abstract One of the world’s fastest-growing human populations is in Sub-Saharan Africa (SSA), accounting for more than 950 million people, which is
approximately 13% of the global population. Livestock farming is vital to SSA as a source of food supply, employment, and income. With [...] Read more.
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Abstract The selective synthesis of active pharmaceutical molecules is a challenging issue, particularly when attempting to make the reactions even more
sustainable. The present work focuses on the microwave-assisted hydrogenolysis of oxytetracycline to selectively produce α-doxycycline. Although the
combination of microwave irradiation and a [...] Read more.
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Abstract For many decades, the importance of increasing knowledge on the rational use of antibiotics has not been given the priority it deserves [...] Full
article (/2079-6382/10/9/1083)
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Abstract Background: Enterococcus is an important cause of infection in the hospital as well as in the community. Methods: A prospective study was done
in Medical College, Kolkata for a period of 2 years (from January 2018 to December 2019). After obtaining clearance from [...] Read more.
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Abstract Background: Evaluating the options for antibiotic treatment for carbapenem-resistant Gram-negative bacteria (CR-GNB)-associated pneumonia
remains crucial. We compared the therapeutic efficacy and nephrotoxicity of two combination therapies, namely, colistin + carbapenem (CC) versus
colistin + tigecycline (CT), for treating CR-GNB-related nosocomial pneumonia in critically [...] Read more.

► Show Figures
(https://pub.mdpi-res.com/antibiotics/antibiotics-10-01081/article_deploy/html/images/antibiotics-10-01081-g001-550.jpg?1669090263)

(https://pub.mdpi-res.com/antibiotics/antibiotics-10-01081/article_deploy/html/images/antibiotics-10-01081-g002-550.jpg?1669090265)

Open Access Article

High Prevalence of Antibiotic Resistance among Opportunistic Pathogens Isolated from Patients with COVID-19 under Mechanical Ventilation:
Results of a Single-Center Study (/2079-6382/10/9/1080)
by Chiara Temperoni (https://sciprofiles.com/profile/1740663),

Luca Caiazzo (https://sciprofiles.com/profile/author/NkFWMDlzMEZHYUxiM21RUFd4Vmh0bmVBOFpVS24xTDl0UEpTdmQ0OG9hOERiL0tjd3JB
and

Francesco Barchiesi (https://sciprofiles.com/profile/1761592)
Antibiotics 2021, 10(9), 1080; https://doi.org/10.3390/antibiotics10091080 (https://doi.org/10.3390/antibiotics10091080) - 06 Sep 2021
Cited by 9 (/2079-6382/10/9/1080#metrics) | Viewed by 1862

Abstract The effect of the COVID-19 pandemic on antibiotic resistance diffusion in healthcare settings has not been fully investigated. In this study we
evaluated the prevalence of antibiotic resistance among opportunistic pathogens isolated from patients with COVID-19 under mechanical ventilation. An
observational, retrospective, analysis [...] Read more.

Back to TopTop

  

 (/)

zoom_out_map
 (/toggle_desktop_layout_cookie)searchmenu

get_app (/2079-6382/10/9/1079/pdf?version=1631066315)subject

attachmentget_app (/2079-6382/10/9/1078/pdf?version=1630916725)subject

get_app (/2079-6382/10/9/1077/pdf?version=1630916585)subject

(This article belongs to the Special Issue Evaluation of New Molecules in Severe Infectious Diseases (
/journal/antibiotics/special_issues/severe_infectious_diseases ))

► Show Figures
(https://pub.mdpi-res.com/antibiotics/antibiotics-10-01080/article_deploy/html/images/antibiotics-10-01080-g001-550.jpg?1631069865)

(https://pub.mdpi-res.com/antibiotics/antibiotics-10-01080/article_deploy/html/images/antibiotics-10-01080-g002-550.jpg?1631069865)

Open Access Review

Mucormycosis in Indian COVID-19 Patients: Insight into Its Patho-Genesis, Clinical Manifestation, and Management Strategies (/2079-
6382/10/9/1079)
by Ram Kumar Sahu (https://sciprofiles.com/profile/1675031), Mounir M. Salem-Bekhit (https://sciprofiles.com/profile/1692626),

Bedanta Bhattacharjee (https://sciprofiles.com/profile/1686443), Yosif Almoshari (https://sciprofiles.com/profile/1627846),
Abu Md Ashif Ikbal (https://sciprofiles.com/profile/1733033), Meshal Alshamrani (https://sciprofiles.com/profile/1849985),
Alakesh Bharali (https://sciprofiles.com/profile/1766616), Ahmad Salawi (https://sciprofiles.com/profile/1795077),
Retno Widyowati (https://sciprofiles.com/profile/1077499), Abdulrahman Alshammari (https://sciprofiles.com/profile/1329726) and
Ibrahim Elbagory (https://sciprofiles.com/profile/author/K2hlcUVwdVlnK2MxUCs2UjZkWEtWcmsxYTc0aTl6UEFCMzB5RWl2cHZvTT0=)

Antibiotics 2021, 10(9), 1079; https://doi.org/10.3390/antibiotics10091079 (https://doi.org/10.3390/antibiotics10091079) - 06 Sep 2021
Cited by 11 (/2079-6382/10/9/1079#metrics) | Viewed by 2620

Abstract Mucormycosis in patients who have COVID-19 or who are otherwise immunocompromised has become a global problem, causing significant
morbidity and mortality. Infection is debilitating and fatal, leading to loss of organs and emotional trauma. Radiographic manifestations are not specific, but
diagnosis can be [...] Read more.

► Show Figures
(https://pub.mdpi-res.com/antibiotics/antibiotics-10-01079/article_deploy/html/images/antibiotics-10-01079-g001-550.jpg?1631066406)

(https://pub.mdpi-res.com/antibiotics/antibiotics-10-01079/article_deploy/html/images/antibiotics-10-01079-g002-550.jpg?1631066406)

(https://pub.mdpi-res.com/antibiotics/antibiotics-10-01079/article_deploy/html/images/antibiotics-10-01079-g003-550.jpg?1631066406)

(https://pub.mdpi-res.com/antibiotics/antibiotics-10-01079/article_deploy/html/images/antibiotics-10-01079-g004-550.jpg?1631066406)

(https://pub.mdpi-res.com/antibiotics/antibiotics-10-01079/article_deploy/html/images/antibiotics-10-01079-g005-550.jpg?1631066406)

(https://pub.mdpi-res.com/antibiotics/antibiotics-10-01079/article_deploy/html/images/antibiotics-10-01079-g006-550.jpg?1631066406)

Open Access Feature Paper Article

Effectiveness of an Electronic Automated Antibiotic Time Out Alert in the Setting of Gram-Negative Bacteremia (/2079-6382/10/9/1078)
by Sana M. Mohayya (https://sciprofiles.com/profile/1693545),

Navaneeth Narayanan (https://sciprofiles.com/profile/author/VlhCK1N5YjV0blBZVkNtbWJQenFZYVZaVE0yNzY3RkpQNWRrTVJsTDhpdz0=),
Daniel Cimilluca (https://sciprofiles.com/profile/author/SmpTWG1JMWRYemhRcFNFTWEyTHlQaW1EckJveXdZcHJTeHJ5aEhESEJyND0=),
Alexander Malanowski (https://sciprofiles.com/profile/author/dlNJRC9DYU96RkhSK2F0T2duQWJQWVFocEREYThhNFVUOEVtWFd0U21SVT0=

,
Parth Vaidya (https://sciprofiles.com/profile/author/bkxzczRTQlpZOFpnZ0x5ajhrMkQrczczYnB4cDFPNUJrVXBWa1lpQVR0ND0=) and
Tanaya Bhowmick (https://sciprofiles.com/profile/author/U0h5cTc0bnhTcDQzcE9YK0p5b3BUUEFsUlhFR1p1SFpBUnRnN2lwKzVwVT0=)

Antibiotics 2021, 10(9), 1078; https://doi.org/10.3390/antibiotics10091078 (https://doi.org/10.3390/antibiotics10091078) - 06 Sep 2021
Viewed by 1366

Abstract To minimize complications associated with over-utilization of antibiotics, many antimicrobial stewardship programs have incorporated an
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Abstract Natural products have been known for their antimicrobial factors since time immemorial. Infectious diseases are a worldwide burden that have
been deteriorating because of the improvement of species impervious to various anti-infection agents. Hence, the distinguishing proof of antimicrobial
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Abstract Croton heliotropiifolius Kunth (Euphorbiaceae), whose occurrence has already been registered in the most varied Brazilian biomes, is commonly
found in the Chapada do Araripe, Ceará. The species is traditionally used to treat fungal, parasitic, and degenerative diseases. This study investigated the
chemical composition [...] Read more.
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Abstract H. pylori (Helicobacter pylori) causes a common chronic infectious disease and infects around 4.4 billion people worldwide. H. pylori was
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Abstract Background: Bacterial antibiotic resistance changes over time depending on multiple factors; therefore, it is essential to monitor the susceptibility
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Abstract Turkeys’ body weight (BW) increases 10-fold within only 2.5 months, leading to a change in the pharmacokinetics (PK) of drugs according to
allometric principles. Thus, the same dosage may lead to age-dependent variability in efficacy, in particular, to treatment failure and/or selection for [...]
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Abstract During the recent pandemic, the fact that the clinical manifestation of COVID-19 may be indistinguishable from bacterial infection, as well as
concerns of bacterial co-infection, have been associated with an increased use of antibiotics. The objective of this study was to assess the [...] Read
more.
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Abstract Symptomatic urinary tract infections are associated with preterm birth. However, data on risk indicators for urinary tract infections are limited and
outdated. The research is a secondary analysis. The study was a prospective multicenter cohort study of low-risk pregnant women. Logistic regression
was [...] Read more.
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Abstract Resistance to the last-line antibiotics against invasive Gram-negative bacterial infection is a rising concern in public health. Multidrug resistant
(MDR) Acinetobacter baumannii Aci46 can resist colistin and carbapenems with a minimum inhibitory concentration of 512 µg/mL as determined by
microdilution method and shows [...] Read more.
(This article belongs to the Special Issue Genomic Analysis of Antibiotics Resistance in Pathogens (
/journal/antibiotics/special_issues/Gene_pathogen ))
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Abstract The development of new antifungal agents that target biofilms is an urgent need. Natural products, mainly from the plant kingdom, represent an
invaluable source of these entities. The present review provides an update (2017–May 2021) on the available information on essential oils, propolis, [...]
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Abstract The general population has been excessively using antibiotics during the COVID-19 pandemic. Therefore, the use of antibiotics for any reported
illnesses in the preceding four weeks and knowledge of antibiotics among the general population in the community were assessed for possible
interventions. A [...] Read more.
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Abstract The main objective of this study was to characterize the tet(X) genes, which encode a monooxygenase that catalyzes the degradation of
tetracycline antibiotics, carried by the resistant strains FP105 and FP233-J200, using whole-genome sequencing analysis. The isolates were recovered
from fin lesion [...] Read more.
(This article belongs to the Special Issue Antibiotic Resistance in Terrestrial and Aquatic Farmed Animals: An Urgent One Health Issue for
Sustainability ( /journal/antibiotics/special_issues/farmed_animals ))

► Show Figures
(https://pub.mdpi-res.com/antibiotics/antibiotics-10-01051/article_deploy/html/images/antibiotics-10-01051-g001-550.jpg?1630226556)

(https://pub.mdpi-res.com/antibiotics/antibiotics-10-01051/article_deploy/html/images/antibiotics-10-01051-g002-550.jpg?1630226556)

(https://pub.mdpi-res.com/antibiotics/antibiotics-10-01051/article_deploy/html/images/antibiotics-10-01051-g003-550.jpg?1630226556)

(https://pub.mdpi-res.com/antibiotics/antibiotics-10-01051/article_deploy/html/images/antibiotics-10-01051-g004-550.jpg?1630226556)

Open Access Article

Prevalence and Molecular Epidemiology of Extended-Spectrum-β-Lactamase (ESBL)-Producing Escherichia coli from Multiple Sectors of
Poultry Industry in Korea (/2079-6382/10/9/1050)
by Hyunsoo Kim (https://sciprofiles.com/profile/1758776), Young Ah Kim (https://sciprofiles.com/profile/528999),

Young Hee Seo (https://sciprofiles.com/profile/author/ejYyMFZvdkx0ajExdXJLUm1UcWlyOGdUZEhqc2xSMjYrVFA2RUtLNUNGRT0=),
Hyukmin Lee (https://sciprofiles.com/profile/2466850) and Kyungwon Lee (https://sciprofiles.com/profile/529013)

Antibiotics 2021, 10(9), 1050; https://doi.org/10.3390/antibiotics10091050 (https://doi.org/10.3390/antibiotics10091050) - 28 Aug 2021
Cited by 3 (/2079-6382/10/9/1050#metrics) | Viewed by 1596

Abstract The aim of this study was to investigate the molecular epidemiology of extended-spectrum-β-lactamase producing Escherichia coli (ESBL-EC)
from poultry, the poultry farm environment, and workers in Korea. A total of 1376 non-duplicate samples were collected from 21 poultry farms, 20 retail
stores, 6 [...] Read more.
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Abstract The development of opportunistic pathogenic Candida strains insensitive to several classes of antifungals has emerged as a major health care
problem during the last years. Combinational therapy of natural products (e.g., essential oils, EOs) with conventional antifungals has been suggested as a
promising [...] Read more.
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Abstract (Background): Multi-drug-resistant Klebsiella pneumoniae (MDR-KP) has steadily grown beyond antibiotic control. Wound infection kills many
patients each year, due to the entry of multi-drug resistant (MDR) bacterial pathogens into the skin gaps. However, a bacteriophage (phage) is considered
to be a potential antibiotic [...] Read more.
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Abstract Natural products are being discussed as alternatives to commonly used chemicals in antimicrobial therapy. The study aimed to investigate the
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Abstract The extensive usage of antibiotics and the rapid emergence of antimicrobial-resistant microbes (AMR) are becoming important global public
health issues. Many solutions to these problems have been proposed, including developing alternative compounds with antimicrobial activities, managing
existing antimicrobials, and rapidly detecting AMR pathogens. [...] Read more.
(This article belongs to the Special Issue Botanicals and Antibiotic Resistance ( /journal/antibiotics/special_issues/Botanicals ))

► Show Figures
(https://pub.mdpi-res.com/antibiotics/antibiotics-10-01044/article_deploy/html/images/antibiotics-10-01044-g001-550.jpg?1630464507)

Open Access Article

Anti-Inflammatory Effects of RTD-1 in a Murine Model of Chronic Pseudomonas aeruginosa Lung Infection: Inhibition of NF-κB, Inflammasome
Gene Expression, and Pro-IL-1β Biosynthesis (/2079-6382/10/9/1043)
by Mansour A. Dughbaj (https://sciprofiles.com/profile/1756961),

Jordanna G. Jayne (https://sciprofiles.com/profile/author/OUY2a1J2REFUMkR4d3ZEWXp5RHBQdz09),
A Young J. Park (https://sciprofiles.com/profile/author/b0JtSzdTUWFsTXhTWGpDMUpLM3pOUFNwYVczVURqb0I5VW9jb3gyc2E2UT0=),
Timothy J. Bensman (https://sciprofiles.com/profile/author/QVJqL1cyU3R3QndxTzB2bjAzRzBwVUJDN0JkQ1ZtakdyNXRHNXhvMWp5ST0=),
Marquerita Algorri (https://sciprofiles.com/profile/1187460), Andre J. Ouellette (https://sciprofiles.com/profile/1757432),
Michael E. Selsted (https://sciprofiles.com/profile/1280526) and Paul M. Beringer (https://sciprofiles.com/profile/1494951)

Antibiotics 2021, 10(9), 1043; https://doi.org/10.3390/antibiotics10091043 (https://doi.org/10.3390/antibiotics10091043) - 26 Aug 2021
Cited by 1 (/2079-6382/10/9/1043#metrics) | Viewed by 1730
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Abstract The objectives of this study were to characterize overall genomic antibiotic resistance profiles of fecal Escherichia coli and Enterococcus spp.
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Abstract Bacterial sexually transmitted infections (BSTIs) are becoming increasingly significant with the approach of a post-antibiotic era. While treatment
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Abstract: Mucormycosis in patients who have COVID-19 or who are otherwise immunocompromised
has become a global problem, causing significant morbidity and mortality. Infection is debilitating
and fatal, leading to loss of organs and emotional trauma. Radiographic manifestations are not
specific, but diagnosis can be made through microscopic examination of materials collected from
necrotic lesions. Treatment requires multidisciplinary expertise, as the fungus enters through the
eyes and nose and may even reach the brain. Use of the many antifungal drugs available is limited by
considerations of resistance and toxicity, but nanoparticles can overcome such limitations by reducing
toxicity and increasing bioavailability. The lipid formulation of amphotericin-B (liposomal Am-B) is
the first-line treatment for mucormycosis in COVID-19 patients, but its high cost and low availability
have prompted a shift toward surgery, so that surgical debridement to remove all necrotic lesions
remains the hallmark of effective treatment of mucormycosis in COVID-19. This review highlights
the pathogenesis, clinical manifestation, and management of mucormycosis in patients who have
COVID-19.

Keywords: COVID-19; mucormycosis; nanoparticles; pathogenesis; amphotericin-B

1. Introduction

Mucormycosis, previously known as zygomycosis, is a lethal fungus in which molds
called mucormycetes can cause fungal infection [1–3]. Mucormycosis causes angioinvasive
infection among immunocompromised patients, with a mortality rate of 60% [4]. Mu-
cormycosis is the third most prevalent fungal infection in hematology patients, accounting
for 8.3–13% of all fungal infections [5,6]. Mucorales fungi access the human body mostly
by inhalation, percutaneous contact, or ingestion [7]. Mucormycosis generally occurs in pa-
tients who are immunocompromised by leukemia, lymphoma, neutropenia, diabetes, burn,
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trauma, childhood malnutrition, and the like [8,9]. Diabetes mellitus is the key vulnerability
factor related to mucormycosis in India [10], which leads the world in mucormycosis as
well as diabetes [11,12]. Mucormycosis is notoriously difficult to diagnose, with Ingram
et al. having found that only 9% of cases were identified in antemortem diagnosis [13].

SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2), the virus behind
the COVID-19 outbreak, is linked to a variety of bacterial and fungal infections [14]. In
India and some other countries, mucormycosis has co-occurred extensively with COVID-19
and is considered to be an epidemic by the Indian government based on reports of the
infection mainly affecting hospitalized COVID-19 patients, leading to prolonged morbidity
and death. Researchers have found that it chiefly affects immunocompromised patients
admitted to the hospital when fungal spores enter a COVID-19–infected person through
an airborne vector, affecting the sinuses and lungs, though rarely in persons who have
strong immunity. Patients who have been treated for COVID-19 by using steroids and other
drugs to cure inflammation are the most vulnerable to mucormycosis [14]. The erroneous
administration of corticosteroids (i.e., Prednisone, Hydrocortisone, or Dexamethasone) is a
contributing factor to mucormycosis infection in COVID-19 patients. Even though steroids
are effective in treating respiratory illnesses including chronic obstructive pulmonary
disease and asthma, and other illnesses such as rheumatoid arthritis, the long-term or
excessive use of steroids suppresses the body’s immunological system, making the person
more susceptible to diseases such as mucormycosis infection [15].

The first case of black fungus was reported during the first wave of the COVID-19
pandemic in India, a couple of weeks after the patient’s discharge from a hospital. During
the second wave of COVID-19, infections were reported even while patients were undergo-
ing hospital treatment. Although mucormycosis can be treated by antifungal medication,
ultimately surgery is required. Traditionally treatment has involved intravenous infusion
of regular saline followed by an infusion of amphotericin, but a lack of clinical trial data
has hindered researchers and scientists from choosing specific antifungal agents for treat-
ing mucormycosis. Because of the high mortality associated with this infection, effective
treatment requires early detection and depends on recovery from predisposing factors.
The condition can also be improved through surgical debridement and administration
of medication [16–18]. In India, 28,252 occurrences of mucormycosis, or black fungus,
have been documented in 28 states and union territories, with Maharashtra and Gujarat
accounting for the overwhelming majority [19]. Figure 1 illustrates the classification of
fungi in the zygomycete order.
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2. Manifestation of Mucormycosis

Mucormycosis symptoms vary depending on where the fungus develops in the
body [14,20]. Symptoms of rhinocerebral mucormycosis include black sores on the nasal
bridge, fever, one-sided face edema, headache, and nasal congestion, whereas the symp-
toms of cutaneous mucormycosis are swelling around the wound, pain, and excessive
redness. By contrast, the symptoms of pulmonary mucormycosis include breathlessness,
chest pain, coughing, and fever. Finally, the symptoms of gastrointestinal mucormycosis
include stomach pain, stomach bleeding, and nausea and vomiting.

Because disseminated mucormycosis develops in patients who have been admitted to
the hospital for other diseases, determining which symptoms are caused by mucormycosis
can be difficult. Eventually such patients may develop mental status changes that may
lead to coma. Because some of the symptoms of mucormycosis and COVID-19 are similar,
physicians may have difficulty determining whether an individual is infected with a
fungus or with COVID-19. Furthermore, certain patients may have COVID-19 along with a
fungal infection.

3. Epidemiology

According to recent data, the number of reported cases of mucormycosis has increased
significantly [8]. For example, the incidence of mucormycosis has increased dramati-
cally in major transplant facilities, with the number of patients more than doubling in
15 years [21,22]. Among autopsied individuals who had leukemia, the incidence of mu-
cormycosis reached 8% in high-risk individuals, with diabetes mellitus reported in 54–76%
of cases and diabetic ketoacidosis in 8–22%. In north India, individuals who had diabetes
mellitus exhibited a 0.16–1.72% occurrence of mucormycosis [23,24]. Mucormycosis re-
vealed diabetes in 24% of patients in south India, 40% in western India, and 43% in north
India, reflecting a lack of routine health checkups among Indian people [25]. In India, 1–9%
of mucormycosis patients have a hematological malignancy, compared with 38–62% in the
United States and Europe [10,26]. The frequency of confirmed mucormycosis was 1.4%
among 781 acute leukemia patients studied in north India [27]. In a study of acute myeloid
leukemia patients in south India, the prevalence of verified mucormycosis cases was
0.9% [28]. In India, solid-organ transplantation is a risk factor in 2.6–11% of mucormycosis
cases, compared with 7–14% globally [27]. Furthermore, in India, mucormycosis occurs
in from 0.05% to 2.7% of renal transplant patients, versus 0.04–0.05% globally [29,30]. Ac-
cording to many investigations, mucormycosis is found in 0.56–1.52% of kidney transplant
recipients in south India [31,32]. Steroid treatment, chronic obstructive pulmonary disease,
chronic renal illness, and pulmonary tuberculosis are all risk factors for mucormycosis
in India, where chronic kidney disease has emerged as a new risk factor for mucormyco-
sis [33,34]. According to Indian studies, 9–32% of mucormycosis patients have chronic
kidney disease [35]. Likewise, chronic obstructive pulmonary disease and pulmonary
tuberculosis have been reported in 7–46% of individuals who had mucormycosis [35].

Low birth weight babies, chronic alcoholism, liver diseases, renal failure, intravenous
drug use, malnutrition, and acquired immunodeficiency syndrome are all factors associ-
ated with mucormycosis [12]. Mucormycosis is exceedingly uncommon in HIV-positive
individuals. Only two individuals developed mucormycosis in a retrospective analysis
of 1630 autopsy of AIDS patients who died between 1984–2002 [36]. The most prevalent
comorbidities were the usage of corticosteroid (25%), neutropenia (29.7%), and intravenous
drug use (IVDU 50%). Individuals with a record of intravenous drug use who experienced
mucormycosis are more likely to present with localized cerebral inflammation [37]. In
Indian research published in 2019, chronic renal illness (8.9%) and post-pulmonary TB
(6.9%) were identified as rising risk factors [31].
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4. Pathogenesis Mechanism
4.1. Phagocytes

Mononuclear cells, macrophages, and neutrophils make up the second and most
significant line of defense against intruding fungus. This immune system barricade is
essentially twofold: Tissue macrophages aid in spore phagocytosis, whereas spores that
escape and develop into hyphae cause neutrophil chemotaxis, which has an oxidative
cytotoxic effect [38,39]. These cells directly kill as well as phagocytose spores and hyphae
by producing and releasing perforin, antimicrobial enzymes, reactive oxygen metabo-
lites, and cationic peptides [40]. They also release pro-inflammatory cytokines such as
tumor necrosis factor (TNF)-α, interleukin-1 beta (IL-1b), and interferon-gamma (IFN-
γ) which activate and attract other immune cells. Interruption or failure of this initial
inflammatory response can cause tissue damage and infection dissemination [41]. Pro-
inflammatory cytokines are decreased in COVID-19 patients, allowing the fungal infection
to spread more widely. Fungi adhere to phagocyte particular pattern receptors via diverse
pathogen-associated chemical patterns, causing activation and propagation of intracellular
signals [42]. Toll-like receptors, particularly Toll-like receptor 2, are essential in the early
stages of the pro-inflammatory response [43]. Numerous host conditions might impair
phagocyte functioning, allowing Mucorales to invade more easily. Studies have indicated
that corticosteroid treatment makes mouse pulmonary alveolar macrophages incapable
of preventing sporangiospore germination [44]. In another work, simulated ketoacidosis
circumstances inhibited phagocyte cytotoxicity and increased R. oryzae development, a
result that was entirely recovered after acidosis was corrected [45]. In neutropenic pa-
tients who have mucormycosis, the Third European Conference on Leukemia Infections
recommends use of granulocyte–macrophage colony-stimulating and granulocyte colony-
stimulating factors in neutropenic patients only [46]. Figure 2 illustrates the etipathogenesis
of mucormycosis.
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4.2. Platelets

Platelets play an essential function in enhancing host immunity [46] and exhibit
antifungal and antibacterial functions after exposure to an invading pathogen: Anti-
inflammatory and pro-inflammatory cytokines and chemokines, including transforming
growth factor and fungicidal thrombocidins, are released in granules [47]; platelet Toll-like
receptors and CD154 are membrane-bound molecules that allow platelet binding and
activation of different cells [48,49]; and adhesion to Mucorales hyphae and spores causes
platelet activation, promotes platelet aggregation and clotting, as well as fungal destruc-
tion, by inhibiting hyphal development, supporting the development of clots and causing
platelet consumption (Figure 3) [50,51]. Fungi may also be prevented from spreading
hematogenously by platelet aggregation and adherence to the fungal wall [49]. Necrotic
areas were discovered in tissues with no obvious fungal development, implying that throm-
botic ischemia occurred due to systematic platelet activation [50]. Patients with COVID-19
who have the severe form of the disease frequently develop clots in vital organs, which can
lead to further complications. As a result, the progression of mucormycosis is quite rapid.
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4.3. Natural Killer Cells

Natural killer cells are a type of innate immune cell that have both direct and indirect
cytotoxic effects on the fungi. They also produce cytokines and chemokines such as GM-
CSF, TNF-α, and IFN-γ, which influence the activity of other immune cells. Mucorales
hyphae can be damaged by natural killer cells, but conidia are unaffected. Moreover,
the damage done is inversely proportional to the amount of fungal biomass and has
nothing to do with fungal infection. Conversely, in vitro investigations have shown R.
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oryzae to have an immunosuppressive effect, inhibiting the release of immunoregulatory
chemokines RANTES (CCL5) and IFN-γ from natural killer cells [52]. Human natural
killer cells are studied for their ability to minimize exacerbations and enhance event-free
periods in hematopoietic transplant patients, and their therapeutic effect may also be
helpful in managing and providing therapy for invasive mucormycosis (Figure 4) [53,54].
COVID-19 IgG immunity can be severely impaired by high natural killer cell numbers.
Antibody-coated virus-infected cells interact with CD16 on natural killer cells, resulting
in antibody-dependent cellular cytotoxicity [55]. The innate immune system controls
immunological response and acts as a first line of defense against COVID-19.
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4.4. Iron Uptake

The fungus undergoes apoptosis in iron-deficient circumstances, supporting iron’s
necessity for fungal cell growth [54]. In animal models of mucormycosis, increased iron
concentrations also aid fungal development by reducing phagocyte function and lowering
IFN-γ secretion [56]. Mucorales obtain iron from their hosts via two major mechanisms:
high-affinity iron permeases or siderophores [57]. In addition, genetic investigation of R.
oryzae revealed the existence of two copies of heme oxygenases, implying a third mechanism
of iron acquisition from hemoglobin [58]. The COVID-19 virus may target haemoglobin,
causing iron to be released from porphyrins and into the circulation, resulting in iron
overload. Ferritin production is increased to compensate for the high iron level. Increased
serum ferritin levels can promote hepatic cell death, causing ferritin to release iron, result-
ing in greater levels of systemic free iron [59]. As a result, it promotes the spread of fungal
infection. Deferoxamine, an iron chelator used in those at risk of iron overload, increases
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mucormycosis susceptibility [60]. Mucorales use ferrioxamine (the iron-rich form of defer-
oxamine) as a xenosiderophore to collect iron [61]. Various researchers have demonstrated
that iron chelation therapy with deferasirox or deferiprone prevents mucormycosis in mice
with diabetic ketoacidosis and promotes longevity, whereas adjunctive deferasirox was
both effective and tolerated in an open-label study of eight cases of mucormycosis [62,63].
Deferasirox also countered iron’s inhibitory effect on neutrophil chemotaxis [64]. However,
recent clinical research in individuals who had mucormycosis that used supplementary
deferasirox medication failed to establish a survival effect [65]. FTR1, a high-affinity
iron permease that facilitates iron absorption, is upregulated in an iron-depleted state
and silenced in iron-rich situations [66]. It has been proposed that FTR1 facilitates the
intracellular transfer of iron from ferrioxamine or heme. An experimental investigation
demonstrated that anti-FTR1 antibodies protected mice with diabetic ketoacidosis from
infection, highlighting its potential as a therapy target (Figure 5) [67].
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Figure 5. Schematic diagrams of Iron uptakes roles; (A) Higher level of Iron (Fe) leads to fungal
growth, whereas fungal undergoes apoptosis in iron deficient circumstances; (B) Increase level of
iron in animal model cause fungal infection, due to the reduction of phagocyte function and IFN-γ;
(C) In the host body the Mucorales obtain iron via three mechanisms: High affinity iron permeases,
siderophores and R. oryzae. The R. oryzae promotes the existence of two copies of hemeoxygenases;
(D) COVID-19 virus attack haemoglobin and in the presence of higher level of iron it boosted ferritin
production, which leads to the increase serum ferritin production and causes hepatic cell death.
Therefore, release of iron trigger and leads to higher level of systemic free iron and cause fungal
infection. Thus, various drugs show beneficial effects in the management of Mucorales such as
deferasirox, deferiprone ferrioxamine and anti-FTR1.

4.5. Interplay with the Endothelium

Mucorales bind to the surface of the endothelial cells by releasing proteins known as
spore coat homologs [68], which are present only in Mucorales and interact with the host
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endothelium receptor GRP78, causing the fungus to endocytose [41,68]. GRP78, also known
as heat shock protein, is found mainly in the endoplasmic reticulum and is presumed to
become a specialized host cell receptor [60]. Spore coat homolog protein fungal surface
expression and GRP78 endothelium surface expression increase after endothelial cells are
confronted with acidosis, high glucose, and high iron levels, as in diabetic ketoacidosis high
blood sugar. Thus COVID-19 patients with diabetes comorbidities can increase fungal en-
docytosis through the endothelium. In one study, GRP78 and spore coat homolog proteins
were elevated by acidosis induced by β-hydroxybutyrate (a ketone body) but not affected
by higher blood iron levels lactic acidosis. Furthermore, sodium bicarbonate recovered
acidosis and protected β-hydroxybutyrate–treated mice from developing mucormycosis,
indicating the importance of restoring acidosis as a therapeutic strategy in patients with
mucormycosis and diabetic ketoacidosis. Anti-spore coat homolog protein and anti-GRP78
antibodies were used in another investigation to largely prevent R. oryzae endothelium
invasion [43].

4.6. Voriconazole Exposure

Clinically relevant epidemiologic data reveal that voriconazole is an antifungal com-
monly used for prophylaxis in high-risk patients but is ineffective against Mucorales [69].
Voriconazole caused hypervirulent Rhizopus and Mucor strains in mice, increasing lung
fungal loads and shortening lifespans [43]. The hypervirulent phenotype was lost when
voriconazole treatment stopped, indicating an epigenetic rather than a genetic shift [70].
Voriconazole is currently recommended as first-line therapy for COVID-19 associated
pulmonary aspergillosis (CAPA), which can lead to the fast spread of mucormycosis [71]. A
recent investigation using rat models found that pre-exposure of fungal spores to voricona-
zole produces breakthrough infections by R. oryzae, which appear to be less responsive
to subsequent antifungal therapy [72]. If voriconazole exposure does indeed select for
more virulent strains, then we may be only beginning to understand the processes that
contribute to Mucorales pathogenicity.

5. Mucormycosis Outbreak

An outbreak occurs when two or more people are infected by the same source or at the
same place or time. The sources of outbreaks may be outdoors or may be in a healthcare
setting, such as a hospital [73]. Most published works describe outbreaks of cutaneous
mucormycosis, which has been tied to contaminated dressings and is less fatal than other
forms of mucormycosis, with a medical literature review revealing 16% mortality versus
67% for rhinocerebral, 83% for pulmonary, and 100% for disseminated and gastrointestinal
mucormycosis [74]. Hospital bedding has been identified as a vector for spreading R.
delemar to vulnerable patients. In hospital epidemic investigations, DNA-based approaches
to fungal species detection have confirmed epidemiological connections. Hospital bedding
must be washed, wrapped, distributed, and stored in ways that minimize their exposure to
environmental pollutants [75].

6. Effects of Black Fungus on COVID-19 Patients

The outbreak of mucormycosis is yet another unpleasant surprise brought on by
the COVID-19 pandemic [76]. It can infect the sinuses and facial bones, infiltrate the
brain, and lead to the loss of an eye. If left untreated, mucormycosis kills up to half of
patients—and treatment is time-consuming and difficult. The standard treatment approach
for severe COVID-19 is a high dose of steroids, antibiotics, and antivirals, which dampen
the immune system and make the patient susceptible to infection by bacteria and fungus
already present in the body or the environment [77]. Infection with mucormycosis is akin
to opening Pandora’s box. Having been infected by SARS-CoV-2, the patient’s body is
already ravaged, and infection by a virulent fungus often leads to death.

To save a patient’s life, doctors may surgically remove an organ or tissue from the body,
causing emotional anguish for the patient and family members. Moreover, the standard



Antibiotics 2021, 10, 1079 9 of 22

treatment for black fungus is Amphotericin B, which is exorbitantly expensive, to the point
that insolvency may arise from treatment [78].

7. Diabetes Patients Are Predisposed to Mucormycosis

Diabetic ketoacidosis and deferoxamine-treated individuals are prone to mucormy-
cosis in a unique way. Diabetic individuals have a high glucose level in their blood [79].
Excessive glycosylation of proteins like ferritin and transferrin might cause them to lose
their iron affinity, which further induces hyperglycemia [80]. Furthermore, when there
is an acidic state in the blood vessels owing to the build-up of ketone bodies (e.g., β-
hydroxybutyrate), transferrin’s potential to chelate iron is severely impaired [81]. β-
hydroxybutyrate, glucose, and iron promote fungal development (Figure 6) [56,82]. They
also increase the expression of spore coating protein (CotH) and glucose regulator protein78
(GRP78), which leads to increased fungal invasion and consequent endothelial damage
in-vitro [70,82]. β-hydroxybutyrate related acidosis appears to have a direct influence on
CotH and GRP78 expression (an effect not observed with lactic acid) as well as an indirect
effect on transferrin’s potential to chelate iron, as iron chelation coupled with sodium
bicarbonate pH reversal substantially protects endothelial cells against Rhizopus-mediated
invasion and damage [82]. Notably, when mice administered with β-hydroxybutyrate
or diabetic ketoacidosis mice have shown lower blood pH, higher accessible serum iron,
higher GRP78 expression in target organs (e.g., sinuses and lungs), they are more vul-
nerable to mucormycosis [56,82]. It is also important to highlight that optimum levels of
β-hydroxybutyrate, iron, and glucose facilitate fungal growth while suppressing the host
immune response via phagocyte-mediated destruction, IL-γ generation, and T-lymphocyte
activation (Figure 6) [56,82–85]. Thus, the particular propensity of diabetic ketoacidosis
patients to mucormycosis is explained by the idiosyncratic interactions of CotH and GRP78
proteins, as well as their increased expression under hyperglycemia and ketoacidosis
conditions [58]. Therapeutic intervention with either anti-CotH or anti-GRP78 antibodies
protects neutropenic and diabetic ketoacidosis mice against mucormycosis, highlighting
the significance of CotH/ GRP78 protein interactions in the pathophysiology of mucormy-
cosis [69,70,85].
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Figure 6. Interaction between Mucorales and endothelial cells during hematogenous proliferation, as well as the influence
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in fungal cells, resulting in endothelium invasion and increased fungal growth.

8. Implement Control and Preventive Measures

Mucormycosis is an aggressively growing infection that follows infection by COVID-
19. Its radiographic manifestations are not specific, but diagnosis can be made by mi-
croscopic examination of materials collected from necrotic lesions. Treatment requires
multidisciplinary expertise, as the fungus enters through the eyes and nose and can even
reach the brain [86]. It can be treated or controlled (1) medically, by using antifungal
therapies; (2) surgically, by removing all necrotic lesions; or (3) by implementing adjunctive
therapies that reverse the risk factors [87].

9. Medical Management of Mucormycosis
9.1. Management by Using Antifungal Drug Therapies

The lipid formulation of amphotericin-B (liposomal Am-B) is the first-line treatment for
mucormycosis in COVID-19 patients. Injection of liposomal Am-B, with a starting dosage of
5–7.5 mg/kg/day, diluted in 500 mL of 5% dextrose over 4–5 h for 14–21 days, is commonly
used in hospitalized adults and children [88]. Patients who are intolerant of or unresponsive
to Am-B can be given alternative agents, such as an oral suspension of posaconazole,
400 mg two times a day or 200 mg four times a day. However, posaconazole alone cannot
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be recommended as a primary treatment in patients who have mucormycosis [89]. With
progressive infection, monotherapy using lipid Am-B, increasing liposomal Am-B dosage
(7.5–10 mg/kg per day), addition of posaconazole or an echinocandin, and shifting to
posaconazole are viable strategies for treatment [90]. The evidence does not support
combination therapy for first-line healing of mucormycosis, but if first-line therapy fails, a
salvage therapy combining a polyene and an echinocandin can be used [89].

Liposomal Am-B is considered an efficient treatment for mucormycosis. Ampho-
tericin B binds to ergosterol present in the fungal cell membrane, which causes pores
and subsequent ion leakage, followed by the death of the fungal cells. Several studies
have demonstrated the in vitro and in vivo binding of liposomes (both amphotericin B
loaded liposomes and empty liposomes) to pathogenic fungal cell walls with gold and
fluorescent-labeled liposomes [91–93]. As long as a liposome does not have Am-B, it binds
to the fungus’s cell wall, but both the fungus cell and liposome stay intact. Liposomes
containing amphotericin B, however, are capable of killing fungal cells, which implies that
the binding causes the liposome to rupture and release amphotericin B. It then binds to
ergosterol in the fungus cell membrane, exerting its fungicidal effect [91]. However, the
exact mechanism of how amphotericin B crosses the fungal membrane from the liposome
is still unclear. As ergosterol is the primary lipid component of the liposome, amphotericin
B likely has a higher affinity for it than cholesterol [94]. As a bonus, liposomal Am-B
formulations penetrate biofilms far better than conventional Am-B [95,96]. Despite the
excellent pharmacokinetic and pharmacodynamic activity of liposomal Am-B, doctors are
shifting towards surgery to save the life of patients because of the poor pharmacoeconomic
status of liposomal Am-B. High cost and low availability in the market can be the only
limitation of liposomal Am-B [90]. Liposomal Am-B will be called the standard gold drug
for treating mucormycosis in COVID-19 patients if such limitations are resolved.

Isavuconazole is the first triazole drug approved by the U.S. Food and Drug Ad-
ministration (FDA) to treat mucormycosis. It inhibits the CP450-dependent 14-lanosterol
demethylase in the fungal cell membrane. As a result, cytotoxic sterols accumulate and
reduce ergosterol production, which is essential for fungal cell membrane development. It
inhibits fungal growth and replication, eventually leading to cell death [97].

The major drawback of this drug is its resistance like other azoles. Resistance occurs
after repeated exposure to the drug. Azole resistance mechanisms include overexpression
of ABC transporters (ATP binding cassettes), mutation of the gene encoding the target
enzyme (ERG11), ERG3 gene mutation which impairs azole-mediated cell membrane
disruption [98]. Therefore, it is a reasonable treatment option for mucormycosis patients
with other refractory disorders and posaconazole intolerance [99].

Azoles primarily target ergosterol, which ensures membrane fluidity, permeability,
and the proper functioning of membrane proteins [100]. It primarily works by inhibiting
ergosterol biosynthesis via the fungal cell membrane’s CP450-dependent 14α-lanosterol
demethylase, which is responsible for converting lanosterol to ergosterol. Consequently,
the integrity of the fungal cell membrane gets altered, affecting its morphology and growth,
eventually leading to cell death [101].

9.2. Surgical Management

The high cost and low availability of liposomal Am-B have prompted doctors to
conduct surgeries to save the life of patients [90]. Surgical debridement to remove all
necrotic lesions remains the hallmark of effective treatment of mucormycosis in COVID-
19 patients. Extensive surgery should be conducted as early as possible, with an MRI
or CT scan used preoperatively to determine the extent of the tissues in question and
the involvement of tissue margins. Repeated surgical removal of necrotic lesions has
shown improved outcomes. After successful treatment, the patient may undergo plastic
surgery [90]. Surgical recommendations differ by site and by the severity of the condition.
Table 1 shows the mode of action, advantages and disadvantages of various medications,
as well as surgical management for mucormycosis infection healing.
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Table 1. Demonstrated mode of action, advantages and disadvantages of various medications, as well as surgical management for mucormycosis infection healing.

Treatment Protocol Mode of Action Advantages Disadvantages Ref

Therapeutic Intervention

Lipid formulation of
Amphotericin B

(Polyenes derivatives)

The cellular membrane is
substantially targeted by

Amphotericin B loaded liposomes,
which induce fungicidal activity by
binding to ergosterol in the fungal

cell membrane

â Amphotericin B lipid formulations have
a higher therapeutic index

â Least nephrotoxic, and have better CNS
penetration than amphotericin B
deoxycholate

â Used as first-line treatment for
mucormycosis

â Hepatotoxicity,
infusion-related toxicity

â Broad use is limited by the
expensive cost and
requirement for parenteral
administration

[89,102,103]

Posaconazole with or without
lipid polyenes

(Triazoles derivative)

Inhibits fungal lanosterol 14
α-demethylase enzyme synthesis

â Posaconazole oral dosage is simple and
convenient

â 60–70% success rates were found in a
retrospective case study (complete plus
partial response)

â Posaconazole is an off-label medication
for mucormycosis in people who are
resistant to amphotericin B

â In murine model, the
effectiveness of Posaconazole
monotherapy was lower than
that of polyenes

â Posaconazole oral suspension
has a reduced absorption rate

[104,105]

Isavuconazole (A new
broad-spectrum triazoles

derivatives)

Cytochrome P450-dependent
lanosterol 14-demethylase enzyme,

which is required for the production
of ergosterol, a component of the

fungal membrane, is inhibited
by isavuconazole

â High oral absorption; less drug-drug
interaction; no need for therapeutic
drug monitoring; and linear
pharmacokinetics

â Isavuconazole has a wide range of
fungicidal activity and a low risk of
side effects

â Hepatotoxicity properties
limited the use of
Isavuconazole

â Isavuconazole has a limited
number of clinical studies

[106–109]

VT-1161

Potent inhibitor of CYP51 and
possess in-vitro activity against

Mucorales, including Cunninghamella,
Lichtheimia, and Rhizopus oryzae

â It prevented Rhizopus delemar infection
in immunocompromised mice, and
possess modest in-vitro activity against
Mucorales

â VT-1161 has a lower toxicity potential
than existing azoles and polyenes, as
well as better pharmacokinetics

â VT-1161 increased dose-dependent
drug plasma levels as well as increased
survival rates.

â VT-1161 is expensive [110]
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Table 1. Cont.

Treatment Protocol Mode of Action Advantages Disadvantages Ref

APX001A

The inositol acyltransferase
suppressed by APX001A, which

limits the development of
Glycosylphosphatidylinositol-

anchored proteins and producing
antifungal effect

â Contribute a significant role in the
controlled of infectious illness â APX001A has a limited

number of clinical studies [111,112]

Caspofungin plus lipid polyene Inhibit the enzyme
β-1,3-D-glucan synthase

â Synergistic in murine disseminated
mucormycosis; and favorable
toxicity profile

â Very limited clinical data of
combination therapy [113,114]

Anidulafungin plus lipid polyene Inhibit the enzyme
β-1,3-D-glucan synthase.

â Synergistic with liposomal
amphotericin B in murine model of
disseminated mucormycosis; and
favorable toxicity profile

â No clinical data [115]

Deferasirox plus lipid polyenes

Reducing the available iron load
and thus inhibiting the fungal

growth and lack
siderophore capability

â Success in case report and deferasirox
oral dosage is simple and convenient â Limited clinical data [62,116]

Surgical Intervention

Rhino-orbito- cerebral infection; Soft
tissue infection; and localized

pulmonary lesion

A critical component of effective
therapy is prompt surgical

debridement, which should be
repeated if required.

When surgery is required and
feasible, it must be robust.

Because the Mucorales hyphae may
spread infection swiftly, it is
important to remove not just

necrotic tissues but also infected
healthy-looking tissues in the

surrounding area.

â Significantly increase the survival and
success rate â Expensive [117–119]
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10. Adjunctive Therapies

Along with antifungal agents and surgeries, adjunctive therapies involving reversal of
immunosuppression, correction of metabolic deficits, and strategies for immune augmenta-
tion are beneficial for controlling mucormycosis [120]. Popular adjunctive therapies include
hyperbaric oxygen, immunomodulation strategies, and iron chelation [89]. Hyperbaric
oxygen, which is an effective treatment for diabetic patients who have rhinocerebral or se-
vere cutaneous mucormycosis [121], increases the partial pressure of oxygen and improves
neutrophilic function. High oxygen concentrations also improve wound healing by releas-
ing enhanced tissue growth factors [122]. However, such therapy has not been subjected
to detailed study and so is not regularly recommended. Accordingly, immune augmen-
tation strategies such as granulocyte colony-stimulating factor (G-CSF) and interferon-
γ have been implemented as adjunctive therapies to improve host response [123]. Iron
chelators such as deferasirox and deferiprone have also been shown to prevent fungal
growth and protect diabetic mice from developing mucormycosis. Case reports indicate
that iron chelation therapy is a beneficial adjunctive therapy in diabetic patients, whereas a
small double-blinded, placebo-controlled, multi-centered study of 20 patients who had a
hematologic disorder showed adverse effects when adding deferasirox to liposomal Am-B.
Although the study size was limited, the data did not support a role for deferasirox as an
adjunctive therapy [124].

11. Preventive Measures

The Indian Council of Medical Research (ICMR) has released a set of general guidelines
for mucormycosis prevention in COVID-19 patients [125]:

• Good control of sugar level during COVID-19 with or without use of steroids
• Rational use of steroids in the correct dose, with proper timing, and for a suitable duration
• Judicious use of antibiotics/antifungals
• Use of sterile or clean water as humidifiers during oxygen therapy

Additionally, modest preventive actions are indicated for post–COVID-19 recovery
patients to avoid mucormycosis:

• Maintaining personal hygiene by thoroughly bathing and scrubbing the body
• Wearing face masks and face shields while visiting dirty or polluted environments
• Wearing concealed shoes, long trousers, long-sleeved shirts, and gloves while handling

soil, manure, moss, and the like (especially while gardening)

Because the literature lacks sufficient data on measures for preventing mucormycosis
in COVID-19 patients, healthcare professionals follow such general environmental infection
control measures to prevent mucormycosis in COVID-19 patients.

Apart from these strategies for managing and preventing mucormycosis in COVID-19
patients, the Ministry of Ayurveda, Unani, Siddha, and Homeopathy (Ayush) in India has
suggested different preventive medicines to patients who have recovered from COVID-19
and to those who are on high doses of steroids and are diabetic [126]. The Ministry of
Ayush has claimed that ayurvedic formulations can help control black fungus disease
among COVID-19 patients, with Unani and homeopathic medicines useful in preventing
and treating mucormycosis in COVID-19 patients [127].

12. Nanoparticle Formulation of the Drug/Nanoformulation of the Antifungal Drugs

Mucormycosis occurs worldwide, producing severe morbidity and mortality in
COVID-19 and other immunocompromised patients. Many efficient antifungal medications
are on the market, but their effectiveness is constrained by resistance and considerations of
toxicity. Nanoparticles can overcome such limitations by reducing toxicity and increasing
bioavailability. Use of nanotechnology for antifungal therapy began in the 1990s with the
launch of a lipid formulation of amphotericin B (Am-B) [128]. Apart from the lipid formu-
lation, alternative formulations such as Am-B colloidal dispersion and liposomal Am-B are
available [129] and have been found to be safe and effective compared with conventional
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Am-B. Traditional Am-B is typically prepared as a colloidal suspension for parenteral
delivery with sodium deoxycholate, but renal toxicity and severe infusion-related problems
hamper its therapeutic efficacy [130,131]. Nanoformulations significantly reduce the toxic
effect of the drug but are highly expensive and are available only in parenteral form, limit-
ing their widespread use even apart from the deleterious effect of COVID-19 on personal
finances. At 6000–8000 INR, a vial of liposomal Am-B is out of reach of ordinary people, so
development of a cost-effective antifungal nanoformulation is an active area of research.
Several nanosystems for oral, topical, vaginal, ocular, and pulmonary delivery of Am-B are
currently under development and have shown promising in vitro results [132]. Disappoint-
ingly, however, only the nano form of Am-B has completed clinical trials. Research into
delivery of antifungal medications should address the challenges to clinical translation of
nanoparticle-based formulations so that diseases such as mucormycosis and COVID-19
can be combated [133].

13. Earlier Diagnose Mucormycosis to Overcome the Adverse Effect

Diagnosing mucormycosis appropriately and undergoing the necessary tests is funda-
mental to the success of the treatment. Patients with malignant hematological conditions
whose amphotericin B-based therapy is delayed beyond the first five days of symptoms
have double the 12-week mortality rate [132]. Early diagnosis is therefore crucial to ensur-
ing effective treatment in people with mucormycosis [134,135]. Mucormycosis is currently
diagnosed mostly through the culture of the organism from generally sterile body loca-
tions and/or histopathologic examination of the affected tissue [89,136]. Medium such as
Sabouraud-dextrose agar can be used to isolate mucorales, and the fungal invasion can be
investigated using methenamine-silver, eosin, and hematoxylin, calcofluor white stain or
periodic acid-Schiff [137]. However, these techniques do not provide enough sensitivity,
and end up leading to wrong diagnosis. Computed tomography (CT) can be used to detect
pulmonary mucormycosis earlier in cancer patients. In the absence of airway-invasive
characteristics, a reversed halo sign can aid in distinguishing the condition from invasive
pulmonary aspergillosis in patients with a hematologic malignancy or neutropenia [138].
Radiological indicators of disease are frequently suggestive, rather than diagnostic. Recent
development in molecular diagnostic technologies, such as the advent of polymerase chain
reaction (PCR)-based tests, along with Matrix Assisted Laser Desorption/Ionization-Time
of Flight Mass Spectrometry (MALDI-TOF MS), may assist in the earlier diagnosis of
mucormycosis as well as the commencement of treatment [139,140].

14. Mucormycosis Diagnosis Limitations in Patients Infected with Microbial Infection

Given the limited treatment choices available, which usually include disfiguring and
painful operations, early and accurate diagnosis is, in theory, the most important factor
in improving the outcome of mucormycosis. Furthermore, approximately 4 to >90% of
suspected mucormycosis cases are not verified until post-mortem investigation [141–143].
A combination of variables, the non-specific clinical appearance of mucormycosis, as well
as the various limitations of currently available diagnostic techniques, make a definite
diagnosis challenging. It is critical to isolate the fungus and identify it to the genus or
species level for prognostic, epidemiological, and therapeutic objectives. [142,144,145].
The cultural isolation output ranges from 50–71%, with evidence that it has improved
considerably over time [37,141]. Mucorales recovery from clinical microbiology specimens,
on the other hand, is difficult. Mucorales hyphae may be difficult to see on wet mounts
and require special chitin-binding stains to be seen using a fluorescence microscope, or
they may be too few to see. Furthermore, vigorous homogenization or tissue grinding may
obliterate the coenocytic hyphae during tissue processing [142,146]. Nonculture techniques,
such as detecting biochemical or serological indicators, are currently unavailable to aid in
diagnosing invasive mucormycosis. Invasive candidiasis is diagnosed using circulating
mannan antigen and (1-3)-β-D-glucan, whereas invasive aspergillosis is diagnosed using
galactomannan in bronchoalveolar fluid and serum.
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15. Future Perspective

Mucormycosis infection is unpleasant, debilitating, and fatal. It leads to loss of organs
and emotional trauma in patients, lowering quality of life, and treatment is prohibitively
expensive. Amid the COVID-19 outbreak, prevention is of the utmost importance, as
is ensuring the availability of an efficient, cost-effective treatment. Despite significant
progress in understanding the microbiological aspects of this infection, the COVID-19
outbreak has underscored the need for more awareness, improved diagnostic tests, a focus
on diabetes control, and prudent use of corticosteroids, with patients requiring immediate
surgery and antifungal treatment. Further research into using modern tools and approaches
to prevent and treat this infection is required, along with exploration of novel ways of
delivering antifungal drugs that can increase their therapeutic efficacy.

16. Conclusions

Fungal infections subsequent to COVID-19 have been observed so extensively in many
countries that doctors are beginning to design therapeutic strategies to counteract their
effects. Fungal spores are everywhere, but human lungs are generally efficient at clearing
them out. However, COVID-19 causes lung damage, diminishing the capacity to naturally
eliminate spores in patients who are suffering a weakened immune response as a result of
steroid treatment. People who have uncontrolled diabetes are more susceptible to black
fungus infection, but the early signs of mucormycosis can be challenging to detect. Unlike
some other fungal diseases, it cannot be detected through blood testing. Diagnosis requires
a biopsy, examination of the sample, and in some cases a CT scan, all of which require
specialized personnel and advanced technology—neither of which can be guaranteed in
under resourced areas of India’s healthcare system.
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SCOPE

Antibiotics (ISSN 2079-6382) is an open access, peer reviewed journal on all aspects of antibiotics. Antibiotics is a multi-
disciplinary journal encompassing the general fields of biochemistry, chemistry, genetics, microbiology and pharmacology. Our
aim is to encourage scientists to publish their experimental and theoretical results in as much detail as possible. Therefore,
there is no restriction on the length of papers. Unique features of this journal: manuscripts regarding original research and ideas
will be particularly welcomed. Antibiotics also accepts reviews, clinical studies and case reports, communications, and short
notes. computed data or files regarding the full details of experimental procedures can be deposited as supplementary material.
Scope: advances in research on new and current antibiotics and related bioactive medicinal agents, antibiotic administration,
drug-drug interactions and pharmacodynamics, biochemical and genetics studies on microorganisms for improved antibiotics,
uses of antibiotics, including on animals and in agriculture, clinical trials, new methods for assaying and evaluating antibiotics,
production and characterization of antibiotics, classes of antibiotics, antibiotic resistance and misuse, natural antibiotics,
epidemiology of antimicrobial use, antimicrobial stewardship, qualitative and quantitative research exploring the determinants
of antimicrobial use and resistance, prescribing sciences.
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SJR


The SJR is a size-independent prestige indicator that

ranks journals by their 'average prestige per article'. It is
based on the idea that 'all citations are not created
equal'. SJR is a measure of scientific influence of

journals that accounts for both the number of citations
received by a journal and the importance or prestige of

Total Documents


Evolution of the number of published documents. All

types of documents are considered, including citable
and non citable documents.

Year Documents
2010 1
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the journals where such citations come from It
measures the scientific influence of the average article
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Year Documents
2011 0
2012 5

Citations per document





This indicator counts the number of citations received

by documents from a journal and divides them by the
total number of documents published in that journal.
The chart shows the evolution of the average number of

times documents published in a journal in the past two,
three and four years have been cited in the current year.
The two years line is equivalent to journal impact factor

™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2010 0.000
Cites / Doc. (4 years) 2011 0.000
Cites / Doc. (4 years) 2012 0.000
Cites / Doc. (4 years) 2013 0.500
Cites / Doc. (4 years) 2014 1.395
Cites / Doc. (4 years) 2015 1.500
Cites / Doc. (4 years) 2016 2.043
Cites / Doc. (4 years) 2017 2.980
Cites / Doc. (4 years) 2018 3.652
Cites / Doc. (4 years) 2019 4.174

Total Cites  Self-Cites





Evolution of the total number of citations and journal's

self-citations received by a journal's published
documents during the three previous years.
Journal Self-citation is defined as the number of

citation from a journal citing article to articles published
by the same journal.

Cites Year Value
f

External Cites per Doc  Cites per Doc





Evolution of the number of total citation per document

and external citation per document (i.e. journal self-
citations removed) received by a journal's published
documents during the three previous years. External

citations are calculated by subtracting the number of
self-citations from the total number of citations
received by the journal’s documents.

% International Collaboration





International Collaboration accounts for the articles

that have been produced by researchers from several
countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one

country; that is including more than one country
address.

Year International Collaboration

Citable documents  Non-citable documents





Not every article in a journal is considered primary

research and therefore "citable", this chart shows the
ratio of a journal's articles including substantial
research (research articles, conference papers and

reviews) in three year windows vs. those documents
other than research articles, reviews and conference
papers.

Cited documents  Uncited documents





Ratio of a journal's items, grouped in three years

windows, that have been cited at least once vs. those
not cited during the following year.

Documents Year Value
Uncited documents 2010 0
Uncited documents 2011 1
Uncited documents 2012 1
Uncited documents 2013 4
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