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ABSTRACT

Sepsis is a serious and life-threatening medical emer-
gency associated with dysregulated host immune
responses to infection. Like cerebral vascular or
acute cardiovascular incidents, sepsis is considered
a time-dependent condition having severe and long-
term consequences on human health. Apart from
organ support, prompt administration of appropriate
antimicrobial therapy is crucial to limit the burden of
complications related to sepsis in Intensive Care Unit
(ICU) patients.

The management of septic patients requires compre-
hensive and multi-disciplinary strategies for an ade-
quate diagnosis. Most of the ICU population receives
empirical antibiotic therapy without having a con-
firmed diagnosis. The misuse of antibiotics in Inten-
sive Care Units (ICU) may increase the possibility of
developing multidrug resistance along with consider-
able ecological side effects. The first doses of empir-

INTRODUCTION

Sepsis is one of the major health problems with higher rates
of morbidity and mortality in the modern era of critical care
management (Remick DG, 2007). Theoretically, it is defined as
“life-threatening organ dysfunction due to a dysregulated host
response to an infection” (Singer M, et al., 2016). It is a critical
public health concern since it affects millions of people worldwide
each year and remains a dominant cause of Multiple Organ Dys-
function Syndromes (MODS) in acute care settings (Remick DG,
2007). The overall mortality rates are quite higher (ranging from
15% to 55%) among critically ill patients in intensive care units
(Rudd KE, et al., 2020).

In recent years, the administration of appropriate antimicrobial
therapy, nutritional support and the availability of aggressive and
invasive surgical interventions for advanced and life-threatening
ailments may have improved clinical outcomes (Lepper P, et al.,
2002). All the aforementioned factors may consider as potential
leading causes of morbidity and mortality in the advanced care
units (Lepper B, et al,, 2002). Therefore, a better understanding
of the pathophysiology of sepsis is essential to improve disease
outcomes. Although the process of sepsis in severely ill patients
has been discussed extensively in the past few decades, the chain
of events responsible for pathophysiological alterations still is un-
clear.

Sepsis is quite a common problem in acute care settings; there-
fore, antibiotics are frequently administrated for the management
of bacteremia and sepsis (Huttunen R and Aittoniemi J, 2011).
Along with the infection’s treatment, antibiotics can also be used
prophylactically to limit the spread of microbes in critically ill
patients (Huttunen R and Aittoniemi J, 2011). Early and effective
treatment by antibiotics limits the inflammatory sequelae and re-
duces the severity of ongoing organ dysfunction during acute ill-
nesses (Huttunen R and Aittoniemi ], 2011). Moreover, early anti-

1 Systematic Review Pharmacy

Accepted: 27.12.2022 Published: 03.01.2023

ical anti-microbial therapy are slightly higher, regard-
less of the presence or absence of organ dysfunction,
which may upregulate the production of circulating
pro-and-anti-inflammatory mediators, having nega-
tive effects on the general well-being of the patients.
This notion supports the introduction of individualized
antimicrobial approaches based on local patterns of
resistance to ensure the appropriate dosage of em-
pirical therapy, as well as to limit the emergence of
multidrug resistance in advanced-care patients. The
adequacy and treatment duration must be viewed at
regular intervals for effective de-escalation, and novel
diagnostic approaches must be introduced to improve
the quality of care in the ICU population.
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biotics administration may be associated with unpredicted effects
on the clinical presentation possibly due to exacerbated inflam-
matory and immunological responses (Pankey GA and Sabath
LD, 2004). Therefore, unnecessary exposure to antimicrobial
drugs must be avoided, as it may promote the (over)growth of
other non-susceptible organisms.

In the last few decades, it has become obvious that antibiotics play
a key role in the pathophysiological events of bacteremia, sepsis,
and septic shock (Spyridaki A, et al., 2012). This is due to their
ability to liberate biologically active components of the cell wall
and other microbial compounds, because of the destruction of the
pathogens (Spyridaki A, et al., 2012). This aspect of antimicrobial
therapy has been proved in most of the in vivo, in vitro as well as
in clinical trials.

The literature search on various electronic databases such as
PubMed, Embase, and Cochrane library was completed in Au-
gust 2022 to critically re-evaluate the data regarding the release of
pro-inflammatory mediators and toxic bacterial products by cer-
tain antibiotics. To support this notion, it is mandatory to see the
effects of antibiotics on the liberation of endotoxin and cytokines
in previously conducted preclinical and clinical trials for planning
future experimental studies or treatment protocols.

LITERATURE REVIEW
Overview of sepsis and immune dysregulation

The World Health Organization (WHO) has recognized Infec-
tious diseases as one of the major and leading causes of death
worldwide, both in developed as well as less-developed countries
(Chousterman BG, et al., 2017). In the last few decades, concep-
tual and technical advances have accelerated the understanding of
various mechanisms, which are involved in the host’s response to
an infection. However, the “big picture” about the virulence of the
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micro-organisms and the host responses is still not clear.

Theoretically, it is expected that sepsis is a clinical syndrome having bi-
modal nature of presentation (Chousterman BG, et al., 2017). Primari-
ly, it is characterized by a brief inflammatory phase, which is named the
“Systematic Inflammatory Response Syndrome” (SIRS) (Chousterman
BG, et al., 2017). This early phase activates the host’s innate immunologic-
al responses, in the presence of different micro-organisms, and bacterial
and cellular products (Behrens EM and Koretzky GA, 2017). Later, it is
followed by a sustained anti-inflammatory response, known as “Com-
pensatory Anti-inflammatory Response Syndrome” (CARS) which rep-
resents the compensatory immune response, to limit the systemic acti-
vated inflammatory and immunological responses, ultimately leading to
tissue injury and multiple organ failure due to immune paralysis (Behrens
EM and Koretzky GA, 2017). The late-onset anti-inflammatory response
proves that sepsis can be linked with a state of immunosuppression, which
may last for a considerable period (weeks or months) following the initial
onset of SIRS, as explained in Figure 1.

Bacteremia

Figure 1: The inter-relationship between Systemic Inflammatory
Response Syndrome (SIRS), sepsis, and infection

The equilibrium between the pro and anti-inflammatory responses is cru-
cial for patients with severe sepsis (Netea MG, et al., 2003). SIRS is pre-
sumed to be associated with the release of pro-inflammatory cytokines
such as Interleukins-1 (IL-1), IL-6 and TNF-a (Netea MG, et al., 2003). On
the contrary, CARS may be attributed due to the biological effects of an-
ti-inflammatory mediators such as IL-1ra, IL-10 and soluble Tumour Ne-
crosis Factor Receptor-1 (STNFR-1) (Netea MG, et al., 2003). Higher pro-
portions of IL-1p, IL-6, IL-8 and Tumour Necrosis Factor-a (TNF-a) are
associated with poor prognostic outcomes in septic patients (Netea MG, et
al., 2003). Subsequently, the anti-inflammatory molecules which are pro-
duced in greater amounts during sepsis, predict the severity of the illness.
Besides, it signifies the overall clinical and survival outcomes. Therefore,
the imbalance between pro and counter-inflammatory mediators in the
septic state demonstrates the severity of the systemic responses to the in-
fection (Tisoncik JR, et al., 2012). Furthermore, it results in overwhelming
stimulation and production of cytokines into systematic circulation, which
could have harmful effects on patients with acute and life-threatening ail-
ments, as illustrated in Figure 2.
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Figure 2: Pathophysiology of sepsis and sepsis-related manifestation

Relationship between pro-inflammatory and toxic microbial
products and sepsis

The virulence of the pathogenic organisms is not only the contributing fac-
tor to cellular and tissue destruction in response to an infection (Tisoncik
JR, et al., 2012). Pathogens-Associated Microbial Products (PAMPs) such
as lipoteichoic acid in gram-positive bacteria and endotoxins Lipopolysac-
charide (LPS) in gram-negative bacteria play a pivotal role in the pathogen-
esis of sepsis (Gogos CA, et al., 2004). The microbe-derived constituents
are associated with the production of various mediators by host immune
systems, which create an imbalance in-between the immunological re-
sponses ultimately leading to tissue damage (Gogos CA, et al., 2004).
Therefore, this review enlightens the clinical significance of the micro-or-
ganisms or microbial products to elicit a strong systemic inflammatory re-
sponse, which will extend within the entire body due to the circulation of
host immune cells and soluble pro-inflammatory cytokines.

The proinflammatory activity of Lipopolysaccharide (LPS)

In the past few decades, endotoxins (LPS) have been considered a key
player in the pathogenesis of gram-negative septicemia (Huttunen R and
Aittoniemi J, 2011). Moreover, its significance in a variety of clinical disor-
ders such as peritonitis, infections, and trauma has been thoroughly inves-
tigated in many trials (Lepper P, et al., 2002). Lipopolysaccharides (LPS),
which are a major component of the outer membrane of gram-negative
micro-organisms, exhibit a strong pro-inflammatory response to host
defence mechanisms (Nau R and Eiffert H, 2005). Lipid A mediates the
inflammatory activities of LPS by facilitating the extensive production of
a variety of pro-inflammatory mediators such as Interleukins (IL-1p. IL-6,
IL-8) and TNF-a from human peripheral mononuclear blood lympho-
cytes and monocytes, as well as from the expression of adhesion molecules
on endothelial cells (Nau R and Eiffert H, 2005). Moreover, LPS elicits
many clinical manifestations, that mimic septic shock (Nau R and Eiffert
H, 2005).

In recent years, the mechanisms responsible for cellular activation and host
inflammatory responses by LPS have been extensively studied. Both the
LPS Binding Proteins (LPB) and the LPS receptor CD14 are considered
key mediators for the activation of inflammatory cell pathways (Netea MG,
et al., 2003). Although, CD14 is not a transmembrane protein (Netea MG,
et al., 2003). Therefore, other transmembrane signaling molecules such as
the Toll-Like Receptor (TLR4) act as one of the trans-membrane compon-
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ents of the LPS-receptor complex and facilitate the transduction of LPS
signaling (Netea MG, et al., 2003). This activation of the signaling cascade
favours the transcription of the genes encoding inflammatory cytokines
(Netea MG, et al., 2003).

The pro-inflammatory activity of Teichoic and Lipoteicho-
ic-acid

Teichoic and Lipoteichoic Acids (TA, LTA) are the components of the cell
walls of gram-positive pathogens and constitute up to 50% of their dry
weight (Tisoncik JR, et al., 2012). Lipoteichoic acid favours the anchoring
of the wall to the underlying cellular structures, while teichoic acid facili-
ties the adhesion and supply of magnesium ions to the micro-organisms.
Besides, it contributes to resistance to autolysis and the structural changes
within the DNA of pneumococcal pathogens (Tisoncik JR, et al, 2012).
The key structure of lipoteichoic acid is like gram-positive organisms, but
LTAs are considered heterogeneous in molecular details and contemplated
as the counterparts of the LPS of gram-negative organisms regarding the
induction of inflammation (Tisoncik JR, et al., 2012).

LTAs possess variable biological features, which are mediated by the induc-
tion of many Interleukins such as IL-1, IL-6, IL-8, 12 and cytokines having
pro-inflammatory characteristics (Gogos CA, et al., 2004). In animal mod-
els, the administration of LTAs is associated with the release of TNF-a, and
the induction of inducible nitric oxide synthase, which favours circulatory
failure (Nau R and Eiffert H, 2005). Furthermore, it can act either as an
agonist or as an antagonist of LPS depending upon the origin of the LTAs.

Antibiotics modulate the release of pro-inflammatory and tox-
ic microbial products

In recent years, it is quite apparent that antibiotics may play a pivotal role
in the pathophysiological events of sepsis and septic-associated manifesta-
tions (Pankey GA and Sabath LD, 2004). This is mainly because of their
ability to release immunologically active components of the microbial cell
wall and other toxic products due to the rapid destruction of the micro-or-
ganisms (Spyridaki A, et al., 2012). Moreover, certain antibiotics may
have harmful effects by inducing endotoxin release, particularly during
gram-negative bacteremia (Gogos CA, et al., 2004). A few in vivo studies
demonstrate that exposure of gram-negative microorganisms to certain
antimicrobial agents can result in the release of both endotoxin and cyto-
kines (Lepper P, et al., 2002).

In an experimental model of gram-negative sepsis, it is reported that there
is an accelerated inflammatory response after the administration of anti-
biotics (Lepper P, et al., 2002). A recent clinical study demonstrated the
immediate impairment of clinical conditions within a few hours after
antibiotics in a large proportion of acute care patients with sepsis (Gia-
marellos-Bourboulis EJ, et al, 2006). This phenomenon is justified by
antibiotic-induced endotoxin and cytokines released during the process of
pathogen killing.

Jackson et al. reported that there was a discrepancy in the endotoxin re-
lease with the different classes of antibiotics (Vianna RGC, et al., 2004). The
antimicrobial agents having a high affinity for Penicillin-Binding Protein
3 (PBP-3), such as cephalosporins and piperacillin-tazobactam associated
with an increase in inflammatory response and organ dysfunction due to
massive production of endotoxin (Vianna RC, et al., 2004). On the con-
trary, antibiotics such as aminoglycosides are linked with lesser variations
in inflammatory cytokines (Vianna RC, et al., 2004).

Clinical efficacy of bacteriostatic and bactericidal antibiotics

Adequate antimicrobial therapy is considered a cornerstone pharma-
cological regime in modern medical practices, as it provides appropri-
ate management of bacteremia and sepsis (Pankey GA and Sabath LD,
2004) and lessens the burden of complications in patients with serious
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and life-threatening diseases. In current medical practices, the broad-
er classification of antibiotics is a successful concept to distinguish anti-
biotics that inhibit the visible bacterial growth- “bacteriostatic” from the
antimicrobials that kill or destroy the micro-organisms i.e. “bactericidal”
(Pankey GA and Sabath LD, 2004). At present, this classification is adopted
in most clinical guidelines worldwide (Pankey GA and Sabath LD, 2004),
which needs to be followed while managing patients having infectious and
life-threatening ailments.

Bactericidal antimicrobials are traditionally considered superior to bac-
teriostatic antimicrobials, as the former directly kills pathogens while bac-
teriostatic antimicrobial therapy halts the growth of the micro-organisms
(Wald-Dickler N, et al., 2018; Saleem N, et al., 2022). The formal definition
of a bactericidal antibiotic is a ratio of Minimum Bactericidal Concentra-
tion (MBC) to Minimum Inhibitory Concentration (MIC) <4, whereas
a bacteriostatic agent has an MBC: MIC ratio>4 (Wald-Dickler N, et al.,
2018; Saleem N, et al., 2022). This definition however is arbitrary with cer-
tain bacteriostatic antibiotics being able to kill pathogens at higher con-
centrations (Wald-Dickler N, et al., 2018; Saleem N, et al., 2022). Antibiot-
ics including linezolid and vancomycin demonstrate bactericidal activity
against some bacteria but bacteriostatic activity against others at higher
concentrations (Saleem N, et al., 2022; Rubinstein E and Keynan Y, 2014;
Clemett D and Markham A, 2000).

To understand, different classes of antibiotics are associated with variable
levels of circulating endotoxins and cytokines (Chuang YC, et al., 2014).
Several in vivo and in vitro studies demonstrated that the use of certain anti-
microbials leads to significantly higher levels of free endotoxins, whereas
others produce relatively lower concentrations (Chuang YC, et al., 2014).
Therefore, the levels of LPS, and TA, LTA, PGs and other microbial prod-
ucts are not dependent on the type and the number of invading pathogens
(Lepper B, et al., 2002), and also, relate to the type of antibiotics being used,
and differences based on the mode of action of certain antibiotics (Gogos
CA, et al., 2004). For instance, certain $-lactam antibiotics are more potent
inducers of free endotoxin levels than others (Gogos CA, et al., 2004).

Several studies have explained that certain antibiotics have the theoretical
potential of either up-regulation or down-regulation of cytokine-induced
organ dysfunction or endotoxemia. Bactericidal antibiotics such as Ampi-
cillin-sulbactam and cefamandole seem to accelerate the production of
pro-inflammatory mediators (Nemeth J, et al., 2015). Conversely, certain
bacteriostatic, such as erythromycin and vancomycin are linked with the
down-regulation of antibiotic-induced organ dysfunction (Nemeth J, et al.,
2015). In a rat-based septic model, Peng ZY, et al., 2012 stated that bac-
tericidal antibiotics resulted in a temporary increase in an inflammatory
response, which accelerated the deterioration of renal functions. However,
the resolution of inflammation and acute kidney dysfunction was much
quicker and correlated well with better clinical and survival outcomes
(Peng ZY, et al., 2012).

In vivo and ex vivo studies demonstrate antibiotics attenuate
the immunological response

For gram-negative septicemia, the release of endotoxin has been thor-
oughly studied in various studies. Rusmin S and deLuca PP, 1975 demon-
strated the release of bi-layered membrane vesicles containing endotoxin
from micro-organisms, which are retained on intravenous inline filters af-
ter antibiotic administration. Usually, antibiotic treatment results in higher
concentrations of endotoxin within the supernatants of cultures containing
bacteria (Rusmin S and deLuca PP, 1975). This indicates the liberation of
endotoxin after exposure of gram-negative pathogens to antimicrobial
therapy is based on the type and dose of the therapeutic agents (Lepper P,
et al., 2002). Generally, a high concentration of antibiotics releases a lesser
quantity of endotoxin than others, which is close to the Minimum Inhibit-
ory Concentration (MIC) (Lepper P, et al., 2002).
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In vitro model, B-lactam agents, particularly PBP-2 specific drugs such as
imipenem, induce the formation of spheroplast which initiate lesser pro-
duction of endotoxin in comparison with PBP-3 specific agents such as
ceftazidime, cefuroxime and aztreonam leading to the formation of fila-
mentous bacterial forms (Byl B, et al., 2001). Sjélin J, et al., 2000 conducted
the in vitro study, to explain the concept of combination antibiotics admin-
istration which arrested the inflammation and organ dysfunction more
effectively than single treatment with higher doses (Sjolin J, et al., 2000).
The combination of tobramycin and cefuroxime resulted in a correspond-
ent reduction in endotoxin-liberating capacity, in comparison with that of
tobramycin alone (Sj6lin J, et al, 2000). Therefore, there is a strong correla-
tion between microbial shape and cell wall morphology before lysis and
the amount of endotoxin being released (Lepper P, et al., 2002).

Peng ZY, et al., 2012 conducted an animal-based study to explore the asso-
ciation between antimicrobial therapy, sepsis-induced acute kidney injury
and disease outcomes. Cecal Ligation and Puncture (CLP)-induced sep-
tic rats with acute renal injury were used to demonstrate that bactericidal
antibiotics caused a transient worsening of inflammation, which exacer-
bated the renal functions (Peng ZY, et al., 2012). The induction of acute
kidney injury during sepsis was correlated with the temporary activation
of pro-inflammatory mediators (Peng ZY, et al., 2012). Despite short-
termed and rapid clinical deterioration, the resolution of inflammation
and improvement within the renal profile was quite evident among the
animals receiving antibiotics indicating significantly improved survival
outcomes (Peng ZY, et al., 2012).

Ceftazidime, lincomycin and clindamycin use for the treatment in E. coli
septic rat models is linked with a 20-folds increase of immunologically ac-
tive bacterial products. Shenep JL and Mogan KA, 1984 analyzed that the
untreated group had a concentration of free endotoxin corresponding to
the levels of bacteremia (Shenep JL and Mogan KA, 1984). On the other
hand, in an animal-treated group with antibiotics, the plasma concentra-
tions of endotoxin marked up to 2000 folds despite having relatively lower
levels of bacteremia (Shenep JL and Mogan KA, 1984). Therefore, endo-
toxemia caused by gram-negative sepsis may depend upon the class of
antimicrobial therapy, but not in correlation with rates of bacterial killings
(Lepper P, et al., 2002).

Clinical studies demonstrating antibiotics induce an immuno-
logical response

Usually, patients with sepsis or septic shock are not considered homogen-
eous representatives of the clinical population due to a lack of universal
diagnostic and management guidelines (Klompas M, et al., 2018). At
present, there are not enough prospective studies based on a well-defined
and severe form of human sepsis having an adequate higher population of
the patient to address the question of whether antibiotics instigate variable
immunological and inflammatory events among patients having sepsis
and sepsis-related complications.

The data from recently published studies suggest there is a variation in
immunological responses concerning antibiotic treatment, which may
have clinical relevance. Two well-defined randomized trials of antibiot-
ic-induced endotoxemia among patients suffering from gram-negative
sepsis are available (Byl B, et al., 2001; Luchi M, et al., 2000). The study
population was sufficiently homogenous to limit the risks of selection bias
and to support the statistical outcomes. In one group of patients with uro-
sepsis, the clinical advantages of imipenem were noticed over ceftazidime
with more sharp and rapid defervescence corresponding with the limited
release of biologically active bacterial products (Luchi M, et al., 2000).
Simpson AJ, et al., 2000 studied patients suffering from melioidosis, a dis-
ease quite prevalent in the Malaysian peninsula and caused by gram-nega-
tive rods i.e. Burkholderia pseudomalle (Simpson AJ, et al., 2000). Patients
treated with imipenem showed lower systemic endotoxin levels after the

4 Systematic Review Pharmacy

first administration of the antibiotic (Simpson AJ, et al., 2000). However,
the overall survival outcomes were virtually the same in both treated
groups (Simpson A, et al., 2000).

Although the above-mentioned studies show that the contribution of
specific antibiotics is quite negligible for endotoxin liberation among the
patients (Byl B, et al., 2001; Luchi M, et al., 2000; Simpson AJ, et al., 2000).
Mock CN, et al., 1995 stated that the selection of antimicrobial therapy had
influential effects of PBP-3 specific versus non-PBP-3 specific antibiotics
such as aztreonam, ceftazidime or cefotaxime on the clinical and survival
outcomes in surgical patients having sepsis (Mock CN, et al., 1995). The
overall hospital mortality was 17% among patients receiving PBP-3 specif-
ic antibiotics and the death rate was 8% in the group receiving other anti-
microbial therapy (Mock CN, et al., 1995).

DISCUSSION AND CONCLUSION

In nutshell, severe sepsis and septic shock are life-threatening conditions
that require immediate and aggressive management. Paradoxically, anti-
biotics may evoke circulatory collapse in some individuals due to the ex-
tensive release of inflammatory mediators. Moreover, there is a shred of
increasing evidence from in vitro, animal, and clinical studies that anti-
biotics attenuate the release of biologically active and degraded microbial
products having immunomodulatory properties. Therefore, adequately
powered randomized trials with appropriate and reproducible criteria
must require enhancing the generalizability by focusing on both the risks
and benefits of antimicrobial chemotherapy.

Due to the diversity of underlying disease, as well as the complexity of the
syndrome and multitude of causative agents, it is quite difficult to prove
an advantage of a certain antibiotics therapy in terms of clinical outcomes,
unless the recruitment of patients must be done carefully to lower the risks
of heterogenicity. Furthermore, it is highly unlikely that mono-therapeutic
approaches may overcome the spectrum of diseases associated with sep-
sis. Therefore, sequential antimicrobial therapy having different modes
of action could help to achieve optimal drug effects and limit organ dys-
function by downregulating the production of inflammatory cytokines.
The decision regarding empirical therapy should be dependent upon the
clinical condition, antibiotic resistance patterns, and preferred modes of
delivery rather than perceived differences in efficacy. Differences in effi-
cacy between antibiotics should be considered, but this should be per anti-
biotic rather than per their classification as bactericidal or bacteriostatic
antibiotics.
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