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Abstract

Sepsis, a life-threatening condition caused by the body's excessive response to an infection, has emerged as a global health
menace. Around 20% of all global deaths are attributable to sepsis. Conversely, the presence of antimicrobial resistance
(AMR) poses a significant peril to the health system. AMR constitutes an escalating pandemic that we must not disregard, as
the absence of effective antibiotics would compromise the treatment of even commonplace bacterial infections. Therefore, the
increasing prevalence of AMR further adds complexity to the management and outcomes of individuals with sepsis. AMR
plays a contributory role in aggravating the consequences of sepsis, ranging from prolonged hospitalization to mortality. The
World Health Organization (WHO) has prioritized AMR as a major concern necessitating immediate action to prevent dire
consequences in the future. Though, One Health approach, infection prevention, rational use of antibiotics, strengthening
surveillance systems, as well as research and development, are crucial strategies in combating antimicrobial resistance,
alternative therapies, such as phage therapy and immunotherapeutics, are being explored for the management of AMR
infections. Advances in these therapies show promise in addressing the challenges posed by antibiotic resistance in treating
sepsis. In this critical assessment, we succinctly delineate the existing challenges of AMR in managing sepsis cases, and we
provide an overview of the advancements in treating sepsis through alternative therapeutic modalities.
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1. Introduction

Sepsis has emerged as a worldwide health menace, im-
pacting a staggering 30 million individuals across the globe
and leading to 11 million fatalities annually, comprising
nearly 20% of the total global mortality [1]. Notably, sepsis
stands as the leading cause of death in hospital environments,
and has been identified as the predominant element attributa-
ble to the expenses of the healthcare system [2].

The recent sepsis definitions, the Third International Con-
sensus Definitions (Sepsis-3) [3], has defined sepsis as a life-

threatening malfunction of organs caused by an unregulated
response of the host organism to infection. Septic shock, on
the other hand, is defined as sepsis accompanied by circula-
tory, cellular, and metabolic dysfunction that is associated
with a heightened risk of mortality [3, 4].

Sepsis is a widespread and impactful condition with sig-
nificant global implications, in terms of morbidity and mor-
tality [2]. The occurrence of sepsis is intricately influenced
by a multifaceted interplay of factors involving the host,
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pathogen, and the healthcare system. While various chronic
diseases and immunodeficiency disorders contribute to an
increased susceptibility to sepsis, certain populations, such as
neonates, pregnant women, the elderly, individuals with
serious coexisting conditions, and those in resource-limited
settings, experience a disproportionately higher impact [5]. It
is noteworthy that there is a direct correlation between the
severity of sepsis and the rate of mortality [6].

Bacteria are predominantly responsible for initiating infec-
tions that can progress to sepsis [5]. The challenge in treating
sepsis arises from the ability of these pathogens to thrive and
proliferate despite antimicrobial drug interventions [7]. Ini-
tial antibiotic treatment during the first 1-2 days is typically
empirical, and the consensus is that evidence-based antibiotic
therapy contributes to reduced mortality [8]. As a result,
healthcare providers seek to provide optimal empirical anti-
microbial treatment for hospitalized patients with sepsis,
often at the expense of administering superfluous antibiotics
[9]. This practice has been associated with the emergence of
AMR.

AMR is an enduring phenomenon that arises from the in-
teractions between organisms and their surrounding milieu.
Given that a substantial majority of antibiotics have been
naturally produced by bacteria and fungi over the course of
millions of years, microorganisms have evolved mechanisms
to withstand the impact of these agents, flourish, and prolif-
erate [10]. Consequently, many bacteria are naturally re-
sistant to one or even a majority of antibiotics, and that re-
sistance may be shared among bacteria by horizontal gene
transfer or external genetic acquisition from the environment
[11, 12].

AMR poses a significant obstacle in the treatment of sep-
sis and has emerged as a prominent public health menace in
the 21st century. The World Health Organization (WHO) has
accorded priority to AMR as one of the foremost ten global
public health threats confronting mankind, necessitating
immediate attention. Failure to address this crucial concern
will render several bacterial pathogens highly lethal in the
imminent future [13].

2. The Burden of Antimicrobial
Resistance

The implications of AMR are far-reaching in terms of the
environment, health, and finances. The issue of antibiotic
resistance emerged after the discovery of the first antibiotic,
Penicillin, in 1928, with reports of resistance to Penicillin
dating back to as early as 1940. Alexander Fleming, upon
receiving the Nobel Prize in 1945 for his discovery of peni-
cillin and its efficacy in treating various infectious diseases,
was already cognizant of the potential fragility of this power-
ful medical tool [12]. Even after 80 years, antimicrobials
continue to play a vital role in the success of both human and
veterinary medicine. However, there is an escalating number

of bacterial pathogens that are exhibiting reduced suscepti-
bility or complete resistance to antibiotics.

The bacteria species that currently pose the most signifi-
cant risk to the effectiveness of antibiotics are Enterococcus
faecium, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa, and
Enterobacter faecium [14]. These bacteria, collectively re-
ferred to as the ESKAPE pathogens, are highly infectious,
fatal, and responsible for the rising prevalence of AMR in-
fections. The development of alternative treatments for
ESKAPE pathogens is a global priority [15].

The first comprehensive estimation of the global burden of
AMR across 204 different nations was documented in 2019.
The findings affirm that bacterial AMR is the primary cause
of mortality and disability on a global scale, surpassing both
HIV/AIDS and malaria in terms of its burden [16]. AMR
leads to significant escalations in healthcare expenditures,
and this burden remains inadequately quantified at the global
level. It has been approximated that ‘sepsis' results in 40-60
million cases and accounts for one in every five fatalities
annually [1]. AMR presents a substantial obstacle in the
management of sepsis, as it escalates the global incidence of
sepsis and at least doubles the risk of death [17]. Further-
more, if current trends persist, AMR will become the most
prominent contributor to human mortality [1]. If AMR is
permitted to proliferate unchecked, it will result in an addi-
tional 10 million lives lost each year by 2050, with a cumula-
tive cost of US$100 trillion, exceeding the annual world
GDP of today by one and a half times [18].

The WHO come to the understanding that the propagation
of AMR is an exigent matter that necessitates a comprehen-
sive and synchronized action plan on a global scale for miti-
gation. Failure to reverse the AMR will result in an alarming
surge in mortality rates in the forthcoming years. Approxi-
mately 50% of sepsis cases are attributable to bacteria that
exhibit resistance [19]. Recognizing the gravity of the situa-
tion, the WHO has given AMR a high-priority status as one
of the paramount threats to public health worldwide [20]. In
2016, the High-Level Meeting of the United Nations General
Assembly on Antimicrobial Resistance officially under-
scored the significance of addressing AMR and implored
nations to commit to their respective AMR National Action
Plans [21]. Despite these concerted endeavors, in 2019, the
global burden of AMR associated with drug-resistant infec-
tions resulted in approximately 4.95 million fatalities. Of
these fatalities, 1.27 million were exclusively caused by drug
resistance. Furthermore, following ischemic heart disease
and stroke, AMR emerged as the leading cause of death in
2019 [22]. Contrary to the prevalent notion that high-
resource settings with greater antibiotic consumption would
bear the brunt of the burden, it is noteworthy that some low-
and middle-income countries (LMICs) exhibited the highest
rates of AMR-related mortality. Indeed, AMR is progressive-
ly manifesting as a more severe predicament for several of
the world's most impoverished nations. Sub-Saharan Africa
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and South Asia, in particular, experienced the highest AMR-
related death rates, directly correlating with the prevalence of
resistance in these respective regions [16, 23].

In Ethiopia, there was a documented total of 21,200 fatali-
ties that can be directly attributed to AMR, while an addi-
tional 85,300 deaths were found to be associated with AMR.
The mortality rate caused by AMR in Ethiopia exceeds the
mortality rates resulting from maternal and neonatal disor-
ders, cardiovascular diseases, respiratory infections, enteric
infections, and neoplasms [23].

The rise of resistance to infectious agents that pose a threat
to public health is being driven by a combination of various
factors. These factors encompass the negligent prescribing
practices of healthcare professionals in relation to broad-
spectrum antibiotics, the failure to comply with the recom-
mended duration of treatment, and the imprudent use of
antimicrobial agents by the general public. As a result, the
resulting strains that are resistant to treatment spread among
a larger population [24]. In Africa, and many other LMICs,
inadequate antibiotic policies in conjunction with insufficient
surveillance of antibiotic resistance result in the accumula-
tion of antibiotic resistance, which contributes to the global
reservoir of challenging-to-treat infections [25]. While AMR
is a concern for both developed and developing countries,
African countries are regarded as one of the epicenters of this
issue for several reasons. Africa bears a significant burden of
infectious diseases, and the treatment of infections is often
mismanaged due to various factors, such as the absence of
adequate diagnostic support in terms of quality and accessi-
bility, the lack of reports on outbreaks, the persistence of
outdated prescription practices among doctors, and various
socioeconomic factors [24].

Furthermore, the current status of the clinical pipeline for
innovative antimicrobial drugs demonstrates a lack of ad-
vancement. According to the WHO, a total of 32 antibiotics
were reported to be in clinical development in 2019, specifi-
cally targeting the WHO's list of prioritized pathogens. Nev-
ertheless, only six of these pharmaceuticals can be deemed
ground-breaking or pioneering. Furthermore, the persistent
issue of insufficient access to high-quality antimicrobial
medications continues to present a significant challenge for
countries at all levels of development [26]. This occurrence
has emerged as a prominent threat to public health in the 21st
century.

3. The Therapeutic Management of
Sepsis

The management of sepsis entails the utilization of antimi-
crobial agents alongside intravenous fluids and medications
targeted at alleviating symptoms. Nonetheless, the rise of
bacterial AMR, a growing menace to public health, is render-
ing the application of antibiotics ineffective in combating
numerous prevalent bacterial illnesses that impact both ani-
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mals and humans [18].

The initial step in managing sepsis involves the identifica-
tion of patients with sepsis. However, this task poses a chal-
lenge due to the subjective nature of sepsis diagnosis, partic-
ularly in the early stages of clinical presentation where
symptoms are nonspecific and laboratory findings are still
pending. Despite advancements in diagnostic techniques, it is
important to note that only a relatively small percentage,
approximately 30-40%, of patients suspected of having an
infection actually receive a positive microbiological diagno-
sis [27]. Recent reports have highlighted cases where indi-
viduals have unfortunately perished because of their condi-
tions lacking timely treatment [28]. This has led to a height-
ened emphasis on the prompt detection and management of
suspected sepsis cases. Nevertheless, given the pending sta-
tus of laboratory results and their limited sensitivity,
healthcare practitioners are compelled to take action before
the completion of investigative procedures. Though most
experienced clinicians express confidence in applying sepsis
definitions, only a minority have successfully identified
cases of sepsis [29].

The effective management of sepsis necessitates not only
addressing the underlying infection but also implementing
life-saving medical interventions for vital organs [30, 31].
Research studies have demonstrated the clear advantage of
promptly administering antimicrobials essential for eliminat-
ing the microorganisms responsible for sepsis [32]. Empiri-
cal antibiotic therapy must also take into account the site of
infection, the common pathogen causing sepsis, and antibi-
otic sensitivity based on local patterns of antibiotic resistance
[32]. Failure to identify the source of infection has the poten-
tial to result in mis-identification of the pathogen and inap-
propriate selection of antibiotics [33]. The global rise in
AMR bacteria is increasingly compromising the effective-
ness of antimicrobial therapy, especially in terms of empiri-
cally selecting appropriate antimicrobials [34]. The judicious
use of empirical antibiotics is crucial in reducing the mortali-
ty rate of sepsis, and although the exact timing required is
not fully understood, every effort should be made to adminis-
ter such medications as quickly as possible, ideally within
one hour of admission [35, 36].

Broad-spectrum antibiotics may be administered to criti-
cally ill patients in order to prevent the improper use of anti-
biotics, which could potentially be fatal [37]. The adjustment
of the initial therapy to a broad-spectrum approach is neces-
sary and should be based on the patient's clinical condition,
the results of the microbial culture, and the susceptibility test
for antibiotics. The modification of the initial antibiotic reg-
imen should involve reducing the quantity and/or range of
antibiotics. Additionally, in patients with uncomplicated
infections who show signs of clinical improvement, the dura-
tion of therapy can be shortened, or in cases where a non-
infectious cause has been identified for the patient's signs
and symptoms, antibiotics can be discontinued altogether
[38]. The prolonged use of broad-spectrum antibiotics can
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result in the development of antibiotic resistance. Therefore,
it is crucial to have knowledge of the local pathogen pattern
based on the site of infection and microbial sensitivity in
order to minimize the use of broad-spectrum antibiotics and
the inappropriate use of empirical antibiotics.

Before administering antibiotics, it is imperative that
blood cultures are obtained. The crucial aspect of this is the
capacity to identify and characterize the antibiotic sensitivi-
ties of the cultured pathogens, which is essential for further
management.

4. Impact of Antimicrobial Resistance on
Sepsis

Antibiotics, which have proven to be highly efficacious in-
terventions in the annals of medical practice, have been in-
strumental in preserving the lives of countless individuals
[39]. The utilization of antibiotics has been extended to en-
compass a wide range of medical conditions; thus, it would
be catastrophic if the efficacy of antibiotics in the realm of
medicine were to be compromised or diminished. Regretta-
bly, we find ourselves rapidly approaching such a dire era,
commonly referred to as the "post-antibiotic era” [40]. Be-
cause sepsis is a significant driver of antibiotic use, and in-
fections caused by drug-resistant pathogens can lead to sep-
sis.

The precise and timely identification of sepsis is of utmost
importance in determining the medications that are most
likely to be effective in combating the underlying infection
and hindering its development into sepsis. To achieve this,
medical professionals employ a jigsaw approach, utilizing
clinical characteristics, inflammatory markers, and microbio-
logical analysis [23]. In the context of uncertainty, clinicians
must act, weighing up the risks of failing to treat sepsis
against over-diagnosis, over-treatment, and the associated
risk of increasing AMR. However, patients whose organ
dysfunction is secondary to a cause other than infection will
still potentially be misdiagnosed and unnecessary antimicro-
bials administered, which may contribute to the AMR emer-
gence.

AMR plays a central role in determining the clinical unre-
sponsiveness to treatment and the rapid progression of infec-
tion to sepsis and septic shock. Sepsis patients infected with
resistant pathogens have been observed to be at an increased
risk of death [41]. Research conducted across the globe has
revealed escalating levels of resistance to multiple drugs,
which is concerning for the future [42, 43]. Due to the grow-
ing resistance of microorganisms to antimicrobial medica-
tions used for treating infections, individuals are becoming
more susceptible to the development of sepsis. In the majori-
ty of cases, sepsis represents a grave complication of an
infection, and unless promptly identified and addressed, it
can progress to septic shock, multiple organ failure, and
ultimately, demise [44].
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Broadly speaking, infections resulting from resistant bac-
terial strains lead to adverse outcomes that are up to twice as
high in comparison to infections from normal strains [9].
These adverse outcomes can manifest both clinically and
economically and are indicative of the ineffectiveness of
antibiotic treatment in curing infections. It is the cost associ-
ated with these treatment failures, both for patients and the
healthcare system, that underlies the negative impact of anti-
biotic resistance [45]. A discrepancy between the actual
therapeutic agent and the ensuing susceptibility findings for a
specific organism is among the most noteworthy aspects that
hinder the promptness of effective treatment [46]. Moreover,
the manifestation of resistance during therapy has also been
substantiated to exert a negative and significant impact on
outcomes [47].

Powerful antibiotics with a broad-spectrum can treat a
range of infections and are particularly valuable when clini-
cians are uncertain about the exact cause. In an effort to
surmount the intricate intricacies associated with this matter,
anyone entering a hospital with clinical features is flagged as
having sepsis and should be prescribed broad-spectrum anti-
biotics within an hour [48]. But this “better safe than sorry”
approach can have unintended ramifications of AMR [49].
The possible differential diagnoses of such clinical features
in certain patients would render the antibiotics unnecessary.
It is worth noting that in around 40% of patients, the patho-
gen is not identified and treatment is not de-escalated [50].

5. Alternative Therapies for Sepsis
Management

AMR is one of the biggest threats to global health, as it
can make the treatment of bacterial infections in humans
difficult owing to their high incidence rate, mortality, and
treatment costs. In general, the report divulges the present
challenges associated with AMR and the pressing need to
discover novel, efficacious antimicrobial treatments [51].
Given that numerous pharmaceutical corporations no longer
engage in the creation of new antibiotics, satisfying the ur-
gent demand for fresh therapeutic agents against AMR
proves to be challenging. Alternative therapeutic modalities,
such as phage therapy and immunotherapeutics for the man-
agement of diverse AMR infections, are currently undergo-
ing clinical development.

Phage therapy

Phages, short for "bacteriophages” symbolizing their ca-
pacity to eliminate bacteria, were discovered by Frederick
Twort in the year 1915. The evaluation of the antimicrobial
characteristics of the bacteriophages was carried out by Pro-
fessor Twort's team at an early stage. Unfortunately, the
failure in the clinical realm that followed can be ascribed to
the enigmatic mechanisms of action that were not thoroughly
comprehended [52]. Bacteriophages, which were unveiled
before the advent of antibiotics, have once again been em-
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braced as a prospective remedy to counter antimicrobial
resistance.

While the utilization of bacteriophage therapy as a treat-
ment strategy is not a novel concept, it appears to instill a
sense of recurring optimism in the battle against AMR. A
century ago, the initial documentation regarding the effec-
tiveness of bacteriophage therapy garnered significant atten-
tion [53]. Regrettably, interest in bacteriophage-based thera-
pies waned following World War Il due to the emergence of
antibiotics, subsequently entering a phase of stagnation.
However, in the current era marked by the escalating crisis
of bacterial resistance, bacteriophage therapy has experi-
enced a global resurgence. There was a proposal put forth by
scholars hailing from academic institutions and industries to
identify potential therapeutic alternatives to antibiotics. No-
tably, bacteriophage therapy secured a place among the top
ten strategies deemed noteworthy by this collective [54].

Bacteriophages are omnipresent and represent the most
prevalent organisms on our planet, with an estimated 10*
phage particles at any given time [55]. Studies on bacterio-
phage therapy in animal models have revealed that bacterio-
phage therapy may diminish the density of the infected AMR
bacterial population [56, 57] and has also proven advanta-
geous in the treatment of pneumonia caused by resistant
bacteria [58, 59].

There was the successful treatment of a patient with sepsis
caused by Pseudomonas aeruginosa using phages. Following
intravenous treatment, blood cultures promptly became nega-
tive, C-reactive protein levels decreased, fever resolved, and
renal function recovered [60]. A different study with a strik-
ing result in another individual with sepsis triggered by Aci-
netobacter baumannii, in which the introduction of bacterio-
phages via intravenous and percutaneous routes into local-
ized collections of pus led to the prompt eradication of the
infection, reversal of the patient's declining medical status
[61]. Conversely, the use of bacteriophages as adjunct thera-
py appears to be safe in critically ill patients and effective as
a "rescue" treatment when expected mortality is so high [62].
A recent report concludes that phage therapy in sepsis treat-
ment can be anticipated in the near future [3]. However, we
still know much less about how to use phages. If we are to
continue with the therapeutic use of phages, we must make
all efforts.

Immunotherapeutics

During sepsis, the reaction of the host organism can be
modified in various manners, thereby accounting for the
highly diverse clinical manifestation, treatment responses,
and prognosis [63]. Although it has long been believed that
sepsis primarily arises from an excessive immune response
to an infection, it is now recognized that a secondary immu-
nosuppressive reaction often arises concurrently [64-66]. The
manipulation of the immune response to combat infection
holds great promise as a treatment approach for sepsis. Im-
munotherapy, as a means to manage sepsis, centers on the
modulation of the immune response to prevent the deleteri-
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ous consequences of inflammation while still maintaining its
advantageous effects on pathogen clearance. Several strate-
gies are being investigated in this field, including the use of
immunomodulation agents, cell-based therapies, and immune
checkpoint inhibitors.

Interferon gamma (IFN-y)

IFN-y represents a highly promising class of immuno-
modulating agents that serve to augment the immune re-
sponse of the host, stimulate immune cell phagocytic func-
tion, and facilitate the elimination of bacterial pathogens. T
helper 1 cells are the predominant producers of IFN-y, which
in turn activate macrophages and bolster the immune re-
sponse against invading pathogens [67]. In the context of
septic patients, the secretion of IFN-y is compromised in
peripheral blood mononuclear cells (PBMCs) upon ex vivo
stimulation, as compared to healthy controls [68]. Further-
more, PBMCs derived from patients who developed second-
ary infections or experienced fatal outcomes exhibited mark-
edly reduced IFN-y secretion in comparison to immune cells
from individuals who achieved recovery. Notably, the ad-
ministration of IFN-y treatment has been observed to height-
en HLA-DR expression and enhance TNF production in
response to lipopolysaccharide (LPS) in monocytes of septic
patients [69]. Pre-clinical investigations have demonstrated
that IFN-y treatment effectively reduces mortality rates and
improves clinical outcomes in animal models of sepsis. In
the clinical setting, IFN-y has been employed to treat infec-
tions in immunosuppressed patients afflicted with chronic
granulomatous disease and hematological cancers [70, 71].
Studies focusing on patients with fungal sepsis have revealed
that IFN-y treatment serves to reinstate HLA-DR expression
and enhance the capacity of leukocytes to produce pro-
inflammatory cytokines [72]. Nonetheless, clinical trials
involving human subjects have not consistently yielded con-
clusive results, thereby necessitating further research to as-
certain its potential benefits.

Mesenchymal stem cells (MSCs)

Animal investigations have illustrated that MSCs have a
favorable impact on survival rates and organ dysfunction in
septic models. This is achieved through the enhancement of
bacterial clearance, modulation of the immune response,
limitation of apoptosis, and promotion of injury repair [72].
MSCs exhibit antibacterial effects by means of enhancing
macrophage endocytosis and the secretion of antimicrobial
peptides [72]. Additionally, MSCs demonstrate anti-
inflammatory properties by restricting the activation of
NLRP3-inflammasome/caspase-1 and the production of pro-
inflammatory cytokines, including TNF and IL-6. Moreover,
MSCs promote the development of regulatory T cells (Tregs),
thereby enhancing injury repair and limiting excessive in-
flammation [73]. Recently, a clinical experiment that in-
volved the administration of MSCs to septic shock-afflicted
patients demonstrated the absence of any apprehensions
regarding safety [74]. In the aforementioned investigation,
no disparities pertaining to the reaction of pro-inflammatory
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cytokines were discerned between those treated with MSCs
and those treated conventionally. At present, multiple ongo-
ing clinical trials are actively exploring the safety and effec-
tiveness of MSCs in patients suffering from sepsis.

Immune checkpoint inhibitors

Immune checkpoint inhibitors, primarily utilized in the
context of cancer treatment, have demonstrated potential in
the management of sepsis. These inhibitors selectively target
molecules responsible for regulating the immune response
and enhancing the function of T cells [75]. Immune check-
point receptors activate inhibitory pathways that are crucial
for maintaining self-tolerance and regulating ongoing im-
mune responses. The mechanism of action of checkpoint
inhibitors involves the prevention of the apoptotic or senes-
cent death of activated T cells. Both pre-clinical and clinical
studies have revealed that several checkpoint receptors, in-
cluding PD-1, and CTLA-4, as well as their corresponding
ligands, are upregulated during sepsis [76]. Notably, in-
creased expression levels of PD-1 and PD-1L have been
observed on monocytes and CD4+ lymphocytes in patients
with septic shock compared to healthy individuals [77, 78]. It
is worth mentioning that heightened expression of these
receptors has been associated with a higher incidence of
nosocomial infections and mortality. Treatment with anti-
PD-1 and anti-PD-L1 antibodies has been shown to inhibit
apoptosis, reverse immune dysfunction, and improve surviv-
al in murine sepsis models [79]. An ex vivo study demon-
strated that blocking the PD-1/PD-L1 pathway in PBMCs
obtained from septic patients increased the production of key
cytokines and prevented apoptotic cell death [80]). A case
study involving an immunosuppressed patient with therapy-
refractory fungal sepsis reported that combined treatment
with anti-PD-1 antibodies and IFN-y increased the number of
lymphocytes and monocytic HLA-DR expression [81]. Im-
portantly, a monoclonal antibody targeting PD-1 was shown
to be well tolerated in immunocompromised patients with
sepsis in a randomized clinical trial [82].

6. Stop Sepsis: by Addressing AMR

AMR has emerged as a significant global challenge within
the realm of modern medicine, impacting both human and
animal populations. Nevertheless, efforts are being imple-
mented to confront this crisis, though insufficiently ad-
dressed on a global scale. The worldwide prevalence of
AMR exhibits no indications of diminishing; instead, it ex-
acerbates the strain on human and veterinary medicine.
Analogous to the phenomenon of global warming, AMR
represents an ecological catastrophe of immeasurable propor-
tions and lacks any discernible solution.

Strengthening the One Health approach

The interconnectedness of human, animal, and environ-
mental health is undeniable. Frequently, both animals and
humans fall victim to the same disease-causing agents and
are administered identical antibiotics, thereby exerting a
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mutual influence on the issue of antibiotic resistance. Thus, it
is imperative to adopt a comprehensive strategy, known as
the One Health approach, in order to effectively address the
emergence of antimicrobial resistance. All sectors must col-
laborate closely to safeguard the well-being of both individu-
als and animals, as well as to uphold the efficacy of antibi-
otic treatments [83].

The WHO has explicitly advocated for more stringent leg-
islation in order to minimize the use of antimicrobials in
animals. To reduce antimicrobial usage in animals, it is pos-
sible to implement measures such as improved sanitation, the
inclusion of probiotics or nutritional supplements in animal
feed, as well as vaccination against common animal diseases
[84]. It is crucial to establish a connection between public
health, healthcare, animal health, and the agricultural sector,
and this connection must be enhanced across all areas and
levels. The development of national action plans to combat
AMR, for instance, necessitates cooperation among stake-
holders from various relevant sectors. Furthermore, research
associations should unite scientists from different fields by
conducting studies on AMR in humans, animals, food, and
the environment. A comprehensive, global approach is the
only means by which a lasting change in the situation can be
achieved.

Infection prevention

Infection prevention and control (IPC) is a practical, evi-
dence-based approach preventing patients and health workers
from being harmed by avoidable infections [85]. The under-
standing of AMR and infection prevention and control shall
include the general populace, not only healthcare profession-
als. The measures implemented for infection prevention and
control are specifically devised to minimize the transmission
of pathogens, including those that have developed resistance,
within healthcare facilities as well as in the broader commu-
nity. This proactive approach serves to stop the proliferation
of AMR pathogens [86].

There exists a comprehensive array of interventions that
aid in the prevention and management of infections as well
as the dissemination of bacteria that are resistant to antimi-
crobial agents. The utilization of alcohol-based hand sanitiz-
ers or the act of washing hands has demonstrated its effec-
tiveness in the prevention of infections [87]. This particular
factor possesses the capability to impede the spread of infec-
tion and, consequently, the emergence of AMR. The current
need necessitates a willingness to adhere to stringent stand-
ards of hygiene. These measures ought to be accompanied by
the formulation and implementation of guidelines and train-
ing programs designed for healthcare professionals. The
establishment of networks that encompass hospitals, ambula-
tory care facilities, nursing homes, laboratories, and public
health institutions plays a vital role in facilitating the imple-
mentation of interventions within all sectors of healthcare
[88].

Rational use of antibiotics

Committing to the utilization of antibiotics solely for ther-
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apeutic purposes subsequent to individual diagnosis, and
under the guidance of healthcare professionals in adherence
with legislation. The irrational utilization of pharmaceuticals
is a grave global predicament. In developing nations, at the
primary level, fewer than 40% of patients in the public sector
and fewer than 30% of patients in the private sector are man-
aged in accordance with established treatment protocols [89].
Both the overarching reduction of antibiotic consumption
and the abatement of inappropriate antibiotic utilization are
indispensable measures to mitigate the emergence of re-
sistant bacteria [89, 90].

Studies have demonstrated that there is a rising trend in
the global utilization of antibiotics in the field of human
medicine, even though there is still a prevalent issue of the
inappropriate prescription of antibiotics. It has been approx-
imated that a substantial portion, up to 50%, of all prescribed
antimicrobial in healthcare facilities are unsuitable [83, 91].
In addition to the potential risks it poses to individual pa-
tients, the misuse of antibiotics is correlated with the escala-
tion of pathogens' resistance to these antimicrobial agents.
To address these concerns, Antibiotic Stewardship (ABS)
programs have emerged with the aim of promoting the prop-
er utilization of antibiotics in both human and animal settings
[92]. By providing evidence-based recommendations and
guidelines for the diagnosis and treatment of infections, ABS
programs strive to enhance patient outcomes and hinder the
progression of antibiotic resistance.

Strengthening the surveillance system

The AMR Surveillance program facilitates the dissemina-
tion of information regarding both existing and emerging
patterns of AMR and antibiotic utilization in medical, veteri-
nary, and agricultural contexts [87]. This program aims to
address gaps in knowledge and develop effective strategies
for combating antimicrobial resistance. Moreover, it is an
invaluable tool that generates data on antimicrobial utiliza-
tion and resistance, which is crucial for updating Essential
Drug Lists (EDLs) as well as formulating policies for infec-
tion control. Additionally, it has the potential to enhance
antimicrobial prescribing practices and contribute to the
development of empirical therapy and standard treatment
guidelines [93].

Surveillance systems have been implemented in numerous
industrialized countries, monitoring antibiotic use, nosocom-
ial infections, and animal health. The data show the dimen-
sion of the problem with detailed information obtained by
national reference centers, permitting early detection of re-
sistant strains that might pose a threat to public health and
timely interventions. Strengthening these surveillance sys-
tems and enabling them to provide timely, accurate, repre-
sentative, and comparable data are major steps in combating
AMR [94].

Research and development (R&D)

The potential danger posed by AMR could potentially be
diminished if there were universal capability in diagnosing
human and animal diseases accurately if existing treatments

were readily available and correctly utilized, and if the de-
velopment of new treatments specifically targeted priority
diseases that are at risk of resistance. Conducting research
will continue to be a crucial strategy in combating the dis-
semination and impact of antimicrobial resistance [95]. AMR
poses a worldwide challenge, and, therefore, research en-
deavors should be carried out on an international scale. En-
couraging collaboration among international research groups
in the field of AMR will enhance synergies and prevent re-
dundant research efforts. Furthermore, it is imperative to
foster interdisciplinary cooperation between human and
veterinary medicine. The advancement of innovative antimi-
crobial drugs or alternatives is of equal importance to re-
search aimed at gaining a better understanding of the emer-
gence and transmission of resistance among different species
[17].

The escalating global challenge of antibiotic resistance de-
mands innovative solutions, and the WHO s at the forefront
of efforts to address this critical issue. Through its leadership,
the WHO is actively shaping the research and development
agenda for novel antibacterial treatments, encompassing drugs,
diagnostic tools, and pioneering approaches. Furthermore, the
organization's collaborative engagement with diverse stake-
holders underscores its commitment to promoting responsible
usage of new products while ensuring widespread accessibility.
By driving these initiatives, the WHO plays a pivotal role in
the collective endeavor to combat AMR and safeguard public
health on a global scale [96].

7. Conclusion

AMR has emerged as a significant obstacle in the treat-
ment of sepsis and is a global public health threat. We should
strive to enhance our understanding of the magnitude of the
issue of AMR. Thorough and reliable data collection is im-
perative in the regulation of AMR. Regulations should be
enforced, with rigorous monitoring of antibiotic usage as part
of the policy. A global and interdisciplinary perspective must
be taken into account in the development of new screening
and diagnostic tools. The ecological and environmental as-
pects of the issue should not be overlooked; all components
of the "one health" approach should be integral to the control
policy. The present global interest indicates that AMR is no
longer a disregarded matter. However, this attention alone is
insufficient to combat AMR. A global code of conduct that
incorporates all possible actions against AMR may eradicate
AMR in the future. Non-antibiotic alternatives modalities,
such as phage therapy and immunotherapeutics, are currently
undergoing clinical development as possible solutions to
AMR. Addressing AMR requires a comprehensive and syn-
chronized action plan on a global scale, including measures
to strengthen the One Health approach, combat and prevent
infections, promote the rational use of antibiotics, strengthen
the surveillance system, and strengthen research and devel-
opment.

14


http://www.sciencepg.com/journal/ajhr

American Journal of Health Research

http://www.sciencepg.com/journal/ajhr

Abbreviations

AMR: Antimicrobial Resistance

WHO: World Health Organization

LMICs: Low- and Middle-Income Countries
PBMCs: Peripheral Blood Mononuclear Cells
MSCs: Mesenchymal Stem Cells

IPC: Infection Prevention and Control

Conflicts of Interest

The authors declare no conflicts of interest.

References

(1]

(2]

3]

[4]

[5]

(6]

[7]

(8]

(9]

Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi D,
Kievlan DR, et al. Global, regional, and national sepsis inci-
dence and mortality, 1990-2017: analysis for the Global Bur-
den of Disease Study. The Lancet. 2020; 395(10219): 200-11.

Buchman TG, Simpson SQ, Sciarretta KL, Finne KP, Sowers
N, Collier M, et al. Sepsis among medicare beneficiaries: 1.
The burdens of sepsis, 2012-2018. Critical care medicine.
2020; 48(3): 276.
https://doi.org/10.1097/CCM.0000000000004224

Singer M, Deutschman CS, Seymour CW, Shankar-Hari M,
Annane D, Bauer M, et al. The third international consensus
definitions for sepsis and septic shock (Sepsis-3). Jama. 2016;
315(8): 801-10. https://doi.org/10.1001/jama.2016.0287

Seymour CW, Liu VX, lwashyna TJ, Brunkhorst FM, Rea TD,
Scherag A, et al. Assessment of clinical criteria for sepsis: for
the Third International Consensus Definitions for Sepsis and
Septic  Shock (Sepsis-3). Jama. 2016; 315(8): 762-74.
https://doi.org/10.1001/jama.2016.0288

Rhee C, Jones TM, Hamad Y, Pande A, Varon J, O’Brien C,
et al. Prevalence, underlying causes, and preventability of
sepsis-associated mortality in US acute care hospitals. JAMA
network open. 2019; 2(2): e187571-e.
https://doi.org/10.1001/jamanetworkopen.2018.7571

Mayr FB, Yende S, Angus DC. Epidemiology of severe sepsis.
Virulence. 2014; 5(1): 4-11. https://doi.org/10.4161/viru.27372

Fair RJ, Tor Y. Antibiotics and bacterial resistance in the 21st
century. Perspectives in medicinal chemistry. 2014; 6: PMC.
S14459.

Busch LM, Kadri SS. Antimicrobial treatment duration in
sepsis and serious infections. The Journal of Infectious Dis-
eases. 2020; 222 (Supplement_2): S142-S55.
https://doi.org/10.1093/infdis/jiaa247

Paul M, Shani V, Muchtar E, Kariv G, Robenshtok E, Leibo-
vici L. Systematic review and meta-analysis of the efficacy of
appropriate empiric antibiotic therapy for sepsis. Antimicrobi-
al agents and chemotherapy. 2010; 54(11): 4851-63.
https://doi.org/10.1128/aac.00627-10

15

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

D’Costa VM, King CE, Kalan L, Morar M, Sung WW,
Schwarz C, et al. Antibiotic resistance is ancient. Nature.
2011; 477(7365): 457-61.

Felden B, Cattoir V. Bacterial adaptation to antibiotics
through regulatory RNAs. Antimicrobial agents and chemo-
therapy. 2018; 62(5): https://doi.org/10.1128/aac. 02503-17

Davies J, Davies D. Origins and evolution of antibiotic re-
sistance. Microbiology and molecular biology reviews. 2010;
74(3): 417-33. https://doi.org/10.1128/mmbr.00016-10

Organization WH. World health statistics 2020. 2020.

Tommasi R, Brown DG, Walkup GK, Manchester JI, Miller
AA. ESKAPEIng the labyrinth of antibacterial discovery. Na-
ture reviews Drug discovery. 2015; 14(8): 529-42.
https://doi.org/10.1038/nrd4572

Talebi Bezmin Abadi A, Rizvanov AA, Haertl€T, Blatt NL.
World Health Organization report: current crisis of antibiotic
resistance. BioNanoScience. 2019; 9: 778-88.
https://doi.org/10.1007/s12668-019-00658-4

Salehi B, Abu-Darwish M, Tarawneh A, Cabral C, Gadetska-
ya A, Salgueiro L, et al. Antimicrobial resistance collabora-
tors global burden of bacterial antimicrobial resistance in
2019: a systematic analysis. Lancet. 2022; 399: 629-55.

Salam MA, Al-Amin MY, Salam MT, Pawar JS, Akhter N,
Rabaan AA, et al., editors. Antimicrobial resistance: a grow-
ing serious threat for global public health. Healthcare; 2023:
MDPI. https://doi.org/10.3390/healthcare11131946

O'Neill J. Review on antimicrobial resistance: tackling drug-
resistant infections globally: final report and recommendations.
Review on antimicrobial resistance: tackling drug-resistant in-
fections globally: final report and recommendations. 2016.

Baraldi E, Lindahl O, Savic M, Findlay D, Ardal C. Antibi-
otic pipeline coordinators. The Journal of Law, Medicine &
Ethics. 2018; 46(1_suppl): 25-31.

Singer M, Deutschman MCS. Improving the prevention,
diagnosis and clinical management of sepsis. WHO [Internet].
2017: 2017. https://doi.org/10.1001/jama.2016.0287

Rochford C, Sridhar D, Woods N, Saleh Z, Hartenstein L,
Ahlawat H, et al. Global governance of antimicrobial re-
sistance. The Lancet. 2018; 391(10134): 1976-8.
https://doi.org/10.1016/S0140-6736(18)31117-6

Mestrovic T, Aguilar GR, Swetschinski LR, Ikuta KS, Gray AP,
Weaver ND, et al. The burden of bacterial antimicrobial re-
sistance in the WHO European region in 2019: A cross-country
systematic analysis. The Lancet Public Health. 2022; 7(11):
€897-e913. https://doi.org/10.1016/S2468-2667(22)00225-0

Murray CJ, Ikuta KS, Sharara F, Swetschinski L, Aguilar GR,
Gray A, et al. Global burden of bacterial antimicrobial resistance
in 2019: a systematic analysis. The Lancet. 2022; 399(10325):
629-55. https://doi.org/10.1016/S0140-6736(21)02724-0

Walia K, editor Emerging problem of antimicrobial resistance
in developing countries: Intertwining socioeconomic issues.
Reg Health Forum; 2003: Citeseer.


http://www.sciencepg.com/journal/ajhr

American Journal of Health Research

http://www.sciencepg.com/journal/ajhr

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

Okeke IN, Laxminarayan R, Bhutta ZA, Duse AG, Jenkins P,
O'Brien TF, et al. Antimicrobial resistance in developing
countries. Part I: recent trends and current status. The Lancet
infectious diseases. 2005; 5(8): 481-93.
https://doi.org/10.1016/S1473-3099(05)70189-4

Weldon I, Hoffman SJ. Antimicrobial Resistance. Global
Health Law and Policy: Ensuring Justice for a Healthier
World. 2023: 395.

Cohen J, Vincent J-L, Adhikari NK, Machado FR, Angus DC,
Calandra T, et al. Sepsis: a roadmap for future research. The
Lancet infectious diseases. 2015; 15(5): 581-614.
https://doi.org/10.1016/S1473-3099(15)70112-X

Kirkham R. Parliamentary scrutiny of the Parliamentary and
Health Services Ombudsman. Journal of Social Welfare and
Family Law. 2022: 1-12.
https://doi.org/10.1080/09649069.2022.2031108

Rhee C, Kadri SS, Danner RL, Suffredini AF, Massaro AF, Kitch
BT, et al. Diagnosing sepsis is subjective and highly variable: a
survey of intensivists using case vignettes. Critical care. 2016; 20:
1-8. https://doi.org/10.1186/s13054-016-1266-9

Bochud P-Y, Glauser MP, Calandra T. Antibiotics in sepsis.
Intensive Care Med. 2001; 27(Suppl 1): S33-S48.

Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma S,
et al. Duration of hypotension before initiation of effective anti-
microbial therapy is the critical determinant of survival in human
septic shock. Critical care medicine. 2006; 34(6): 1589-96.
https://doi.org/10.1097/01.CCM.0000217961.75225.E9

Burgess D, Abate J. Antimicrobial regimen selection. Phar-
macotherapy a pathophysiologic approach 6th ed New York:
McGraw-Hill. 2005: 1920-1.

Orsini J, Mainardi C, Muzylo E, Karki N, Cohen N, Sakoulas
G. Microbiological profile of organisms causing bloodstream
infection in critically ill patients. Journal of clinical medicine
research. 2012; 4(6): 371.

Suharjo J. Cahyono J. Terapi antibiotik empiris pada pasien
sepsis berdasarkan organ terinfeksi Dexa Media. 2007; 20: 85-90.

Kollef MH, Sherman G, Ward S, Fraser VJ. Inadequate anti-
microbial treatment of infections: a risk factor for hospital
mortality among critically ill patients. Chest. 1999; 115(2):
462-74. https://doi.org/10.1378/chest.115.2.462

Kollef MH. Bench-to-bedside review: antimicrobial utiliza-
tion strategies aimed at preventing the emergence of bacterial

resistance in the intensive care unit. Critical care. 2005; 9: 1-6.

https://doi.org/10.1186/cc3757

Hollands JM, Micek ST, McKinnon PS, Kollef MH. 13 Early
Appropriate  Empiric Therapy and Antimicrobial De-
Escalation. Antimicrobial Resistance: Problem Pathogens and
Clinical Countermeasures. 2007: 231.

Aminov RI. A brief history of the antibiotic era: lessons
learned and challenges for the future. Frontiers in microbiolo-
gy. 2010; 1: 134. https://doi.org/10.3389/fmicb.2010.00134

Sen Karaman D, Ercan UK, Bakay E, Topaloglu N, Rosen-

16

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

(50]

[51]

holm JM. Evolving technologies and strategies for combating
antibacterial resistance in the advent of the postantibiotic era.
Advanced Functional Materials. 2020; 30(15): 1908783.
https://doi.org/10.1002/adfm.201908783

Marik PE, Stephenson E. The ability of Procalcitonin, lactate,
white blood cell count and neutrophil-lymphocyte count ratio
to predict blood stream infection. Analysis of a large database.
Journal of Critical Care. 2020; 60: 135-9.
https://doi.org/10.1016/j.jcrc.2020.07.026

Cheng AC, West TE, Limmathurotsakul D, Peacock SJ.
Strategies to reduce mortality from bacterial sepsis in adults in
developing countries. PLoS medicine. 2008; 5(8): e175.
https://doi.org/10.1371/journal.pmed.0050175

Negussie A, Mulugeta G, Bedru A, Ali I, Shimeles D, Lema T, et
al. Bacteriological profile and antimicrobial susceptibility pattern
of blood culture isolates among septicemia suspected children in
selected hospitals Addis Ababa, Ethiopia. International journal of
biological and medical research. 2015; 6(1): 4709.

Keeley A, Hine P, Nsutebu E. The recognition and manage-
ment of sepsis and septic shock: a guide for non-intensivists.
Postgraduate medical journal. 2017; 93(1104): 626-34.
https://doi.org/10.1136/postgradmedj-2016-134519

Eliopoulos GM, Cosgrove SE, Carmeli Y. The impact of
antimicrobial resistance on health and economic outcomes.
Clinical infectious diseases. 2003; 36(11): 1433-7.
https://doi.org/10.1086/375081

Ibrahim EH, Sherman G, Ward S, Fraser VJ, Kollef MH. The
influence of inadequate antimicrobial treatment of bloodstream
infections on patient outcomes in the ICU setting. Chest. 2000;
118(1): 146-55. https://doi.org/10.1378/chest.118.1.146

Carmeli Y, Troillet N, Karchmer AW, Samore MH. Health
and economic outcomes of antibiotic resistance in Pseudomo-
nas aeruginosa. Archives of Internal Medicine. 1999; 159(10):
1127-32. https://doi.org/10.1001/archinte.159.10.1127

Gahamanyi N, Ishema L, Mushayija JP, Ntamugabumwe L,
Ngabo E, Mugabo E, et al. Celebrating the World Antimicro-
bial Awareness Week (WAAW 2022) in Rwanda.

Alhmoud B, Melley D, Khan N, Bonicci T, Patel R, Banerjee
A. Evaluating a novel, integrative dashboard for health pro-
fessionals’ performance in managing deteriorating patients: a
quality improvement project. BMJ open quality. 2022; 11(4):
€002033. https://doi.org/10.1136/bmjoq-2022-002033

Rhee C, editor Using procalcitonin to guide antibiotic therapy.
Open forum infectious diseases; 2017: Oxford University
Press US.

Tacconelli E, Carrara E, Savoldi A, Harbarth S, Mendelson M,
Monnet DL, et al. Discovery, research, and development of new
antibiotics: the WHO priority list of antibiotic-resistant bacteria
and tuberculosis. The Lancet infectious diseases. 2018; 18(3):
318-27. https://doi.org/10.1016/S1473-3099(17)30753-3

Twort FW. An investigation on the nature of ultra-
microscopic viruses. Acta Kravsi. 1961.


http://www.sciencepg.com/journal/ajhr

American Journal of Health Research

http://www.sciencepg.com/journal/ajhr

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

d'Herelle M. Sur un microbe invisible antagoniste des bacilles
dysenté&iques. Acta Kravsi. 1961.

Levin BR, Bull JJ. Population and evolutionary dynamics of
phage therapy. Nature Reviews Microbiology. 2004; 2(2):
166-73. https://doi.org/10.1038/nrmicro822

Comeau AM, Hatfull GF, Krisch HM, Lindell D, Mann NH,
Prangishvili D. Exploring the prokaryotic virosphere. Re-
search in microbiology. 2008; 159(5): 306-13.
https://doi.org/10.1016/j.resmic.2008.05.001

Suttle CA. Marine viruses—major players in the global eco-
system. Nature reviews microbiology. 2007; 5(10): 801-12.
https://doi.org/10.1038/nrmicro1750

Alemayehu D, Casey PG, McAuliffe O, Guinane CM, Martin
JG, Shanahan F, et al. Bacteriophages ¢MR299-2 and ¢NH-4
can eliminate Pseudomonas aeruginosa in the murine lung and
on cystic fibrosis lung airway cells. MBio. 2012; 3(2):
https://doi.org/10.1128/mbio.00029-12

Singla S, Harjai K, Katare OP, Chhibber S. Bacteriophage-
loaded nanostructured lipid carrier: improved pharmacokinet-
ics mediates effective resolution of Klebsiella pneumoniae—
induced lobar pneumonia. The Journal of infectious diseases.
2015; 212(2): 325-34. https://doi.org/10.1093/infdis/jiv029

Chhibber S, Kaur S, Kumari S. Therapeutic potential of bacte-
riophage in treating Klebsiella pneumoniae B5055-mediated
lobar pneumonia in mice. Journal of medical microbiology.
2008; 57(12): 1508-13.
https://doi.org/10.1099/jmm.0.2008/002873-0

Jennes S, Merabishvili M, Soentjens P, Pang KW, Rose T,
Keersebilck E, et al. Use of bacteriophages in the treatment of
colistin-only-sensitive Pseudomonas aeruginosa septicaemia in
a patient with acute kidney injury—a case report. Critical Care.
2017; 21: 1-3. https://doi.org/10.1186/513054-017-1709-y

Schooley RT, Biswas B, Gill JJ, Hernandez-Morales A, Lan-
caster J, Lessor L, et al. Development and use of personalized
bacteriophage-based therapeutic cocktails to treat a patient
with a disseminated resistant Acinetobacter baumannii infec-
tion. Antimicrobial agents and chemotherapy. 2017; 61(10):
https://doi.org/10.1128/aac. 00954-17

Rao S, Betancourt-Garcia M, Kare-Opaneye YO, Swier-
czewski BE, Bennett JW, Horne BA, et al. Critically ill pa-
tient with multidrug-resistant Acinetobacter baumannii respir-
atory infection successfully treated with intravenous and neb-
ulized bacteriophage therapy. Antimicrobial Agents and
Chemotherapy. 2022; 66(1): e00824-21.
https://doi.org/10.1128/AAC.00824-21

Petrovic Fabijan A, Lin RC, Ho J, Maddocks S, Ben Zakour
NL, Iredell JR, et al. Safety of bacteriophage therapy in severe
Staphylococcus aureus infection. Nature microbiology. 2020;
5(3): 465-72. https://doi.org/10.1038/s41564-019-0634-z

van der Poll T, van de Veerdonk FL, Scicluna BP, Netea MG.
The immunopathology of sepsis and potential therapeutic tar-
gets. Nature Reviews Immunology. 2017; 17(7): 407-20.
https://doi.org/10.1038/nri.2017.36

17

[64]

[65]

[66]

[67]

[68]

(69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

Steinhagen F, Schmidt SV, Schewe J-C, Peukert K, Klinman
DM, Bode C. Immunotherapy in sepsis-brake or accelerate?
Pharmacology & therapeutics. 2020; 208: 107476.
https://doi.org/10.1016/j.pharmthera.2020.107476

Rubio I, Osuchowski MF, Shankar-Hari M, Skirecki T, Win-
kler MS, Lachmann G, et al. Current gaps in sepsis immunol-
ogy: new opportunities for translational research. The Lancet
infectious diseases. 2019; 19(12): e422-e36.
https://doi.org/10.1016/S1473-3099(19)30567-5

Burke JD, Young HA, editors. IFN-y: A cytokine at the right
time, is in the right place. Seminars in immunology; 2019:
Elsevier. https://doi.org/10.1016/j.smim.2019.05.002

Boomer JS, To K, Chang KC, Takasu O, Oshorne DF, Walton
AH, et al. Immunosuppression in patients who die of sepsis
and multiple organ failure. Jama. 2011; 306(23): 2594-605.
https://doi.org/10.1001/jama.2011.1829

D&ke W-D, Randow F, Syrbe U, Krausch D, Asadullah K,
Reinke P, et al. Monocyte deactivation in septic patients: res-
toration by IFN-y treatment. Nature medicine. 1997; 3(6):
678-81. https://doi.org/10.1038/nm0697-678

Gallin JI, Farber JM, Holland SM, Nutman TB. Interferon-y
in the management of infectious diseases. Annals of internal
medicine. 1995; 123(3): 216-24. https://doi.org/10.7326/0003-
4819-123-3-199508010-00009

Patterson TF, Thompson Il GR, Denning DW, Fishman JA,
Hadley S, Herbrecht R, et al. Practice guidelines for the diagno-
sis and management of aspergillosis: 2016 update by the Infec-
tious Diseases Society of America. Clinical infectious diseases.
2016; 63(4): e1-e60. https://doi.org/10.1093/cid/ciw326

Delsing CE, Gresnigt MS, Leentjens J, Preijers F, Frager FA,
Kox M, et al. Interferon-gamma as adjunctive immunotherapy for
invasive fungal infections: a case series. BMC infectious diseases.
2014; 14: 1-12. https://doi.org/10.1186/1471-2334-14-166

Keane C, Jerkic M, Laffey JG. Stem cell-based therapies for
sepsis. Anesthesiology. 2017; 127(6): 1017-34.
https://doi.org/10.1097/ALN.0000000000001882

Schlosser K, Wang J-P, Dos Santos C, Walley KR, Marshall J,
Fergusson DA, et al. Effects of mesenchymal stem cell treatment
on systemic cytokine levels in a phase 1 dose escalation safety
trial of septic shock patients. Critical care medicine. 2019; 47(7):
918-25. https://doi.org/10.1097/CCM.0000000000003657

Xia S, Gong H, Zhao Y, Guo L, Wang Y, Zhang B, et al.
Association of Pulmonary Sepsis and Immune Checkpoint In-
hibitors: A Pharmacovigilance Study. Cancers. 2022; 15(1):
240. https://doi.org/10.3390/cancers15010240

Patil NK, Guo Y, Luan L, Sherwood ER. Targeting immune cell
checkpoints during sepsis. International journal of molecular sci-
ences. 2017; 18(11): 2413. https://doi.org/10.3390/ijms18112413

Guignant C, Lepape A, Huang X, Kherouf H, Denis L, Poi-
tevin F, et al. Programmed death-1 levels correlate with in-
creased mortality, nosocomial infection and immune dysfunc-
tions in septic shock patients. Critical care. 2011; 15(2): 1-11.
https://doi.org/10.1186/cc10112


http://www.sciencepg.com/journal/ajhr

American Journal of Health Research

http://www.sciencepg.com/journal/ajhr

[77]

[78]

[79]

(80]

(81]

(82]

(83]

[84]

[85]

Shao R, Fang Y, Yu H, Zhao L, Jiang Z, Li C-S. Monocyte
programmed death ligand-1 expression after 3—4 days of sep-
sis is associated with risk stratification and mortality in septic
patients: a prospective cohort study. Critical care. 2016; 20: 1-
10. https://doi.org/10.1186/s13054-016-1301-x

Brahmamdam P, Inoue S, Unsinger J, Chang KC, McDunn JE,
Hotchkiss RS. Delayed administration of anti-PD-1 antibody
reverses immune dysfunction and improves survival during
sepsis. Journal of leukocyte biology. 2010; 88(2): 233-40.
https://doi.org/10.1189/jIb.0110037

Zhang Y, Zhou Y, Lou J, Li J, Bo L, Zhu K, et al. PD-L1
blockade improves survival in experimental sepsis by inhibit-
ing lymphocyte apoptosis and reversing monocyte dysfunc-
tion. Critical care. 2010; 14(6): 1-9.
https://doi.org/10.1186/cc9354

Grimaldi D, Pradier O, Hotchkiss RS, Vincent J-L.
Nivolumab plus interferon-y in the treatment of intractable
mucormycosis. The Lancet Infectious Diseases. 2017; 17(1):
18. https://doi.org/10.1016/S1473-3099(16)30541-2

Hotchkiss RS, Colston E, Yende S, Angus DC, Moldawer LL,
Crouser ED, et al. Immune checkpoint inhibition in sepsis: a
Phase 1b randomized, placebo-controlled, single ascending
dose study of anti-PD-L1 (BMS-936559). Critical care medi-
cine. 2019; 47(5): 632.
https://doi.org/10.1097/CCM.0000000000003685

Chambers HF, Fowler Jr VG, Group ARL. Confronting anti-
microbial resistance together. American Physiological Society
Rockville, MD; 2022. p. L643-L5.
https://doi.org/10.1152/ajplung.00327.2022

Sharma C, Rokana N, Chandra M, Singh BP, Gulhane RD,
Gill JPS, et al. Antimicrobial resistance: its surveillance, im-
pact, and alternative management strategies in dairy animals.
Frontiers in veterinary science. 2018; 4: 237.
https://doi.org/10.3389/fvets.2017.00237

Kapi A. The evolving threat of antimicrobial resistance: Op-
tions for action. Indian Journal of Medical Research. 2014;
139(1): 182.

Organization WH. Improving infection prevention and control
at the health facility: interim practical manual supporting im-
plementation of the WHO guidelines on core components of
infection prevention and control programmes. World Health
Organization; 2018.

18

(86]

(87]

(88]

(89]

[90]

[91]

[92]

(93]

[94]

[95]

[96]

Control CfD, Prevention. CDC's campaign to prevent antimi-
crobial resistance in health-care settings. MMWR Morbidity
and mortality weekly report. 2002; 51(15): 343.

Essack S. Strategies for the prevention and containment of
antibiotic resistance. South African family practice. 2006;
48(1): 17-e.

Holloway K, Dijk Lv. Rational use of medicines. 2011.

Monnier AA, Eisenstein BI, Hulscher ME, Gyssens IC. To-
wards a global definition of responsible antibiotic use: results
of an international multidisciplinary consensus procedure.
Journal of Antimicrobial Chemotherapy. 2018; 73(suppl_6):
vi3-vil6. https://doi.org/10.1093/jac/dky114

Morgan DJ, Okeke IN, Laxminarayan R, Perencevich EN,
Weisenberg S. Non-prescription antimicrobial use worldwide:
a systematic review. The Lancet infectious diseases. 2011;
11(9): 692-701.
https://doi.org/10.1016/S1473-3099(11)70054-8

Holmes AH, Moore LS, Sundsfjord A, Steinbakk M, Regmi S,
Karkey A, et al. Understanding the mechanisms and drivers of
antimicrobial resistance. The Lancet. 2016; 387(10014): 176-
87. https://doi.org/10.1016/S0140-6736(15)00473-0

Ha DR, Haste NM, Gluckstein DP. The role of antibiotic
stewardship in promoting appropriate antibiotic use. Ameri-
can Journal of Lifestyle Medicine. 2019; 13(4): 376-83.

Harbarth S, Balkhy HH, Goossens H, Jarlier V, Kluytmans J,
Laxminarayan R, et al. Antimicrobial resistance: one world,
one fight!: Springer; 2015.
https://doi.org/10.1186/s13756-015-0091-2

Uchil RR, Kohli GS, KateKhaye VM, Swami OC. Strategies
to combat antimicrobial resistance. Journal of clinical and di-
agnostic research: JCDR. 2014; 8(7): MEO1.
https://doi.org/10.7860/JCDR/2014/8925.4529

Leung E, Weil DE, Raviglione M, Nakatani H. The WHO
policy package to combat antimicrobial resistance. Bulletin of
the World Health Organization. 2011; 89: 390-2.

Organization WH. Global antimicrobial resistance and use
surveillance system (GLASS) report: 2021. 2021.


http://www.sciencepg.com/journal/ajhr

