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Abstract      

    Bacterial toxins are master manipulators of host immunity, serving as 

crucial virulence factors that enable pathogens to evade, dysregulate, and 

ultimately overcome host defenses. This article review aimed to explore how 

bacterial toxins, including exotoxins and endotoxins, change immunological 

activities and cause diseases. Exotoxins, which include super antigens, 

membrane-living toxins, and A-B type toxins, disrupt the communication 

between immune cells, increase cytokine production, leading to cell lysis or 

immunological paralysis. Endotoxins, especially lipopolysaccharide from 

Gram-negative bacteria, activate macrophage and causes systemic immune 

reaction, leading to septic shock. Moreover, TA systems, which regulate 

bacterial persistence and biofilm formation, thereby promoting chronic 

infections that evade immune clearance and antibiotic treatment, biofilm, and 

multidrug resistance, allowing them to stay alive, even under stress 

conditions. Finally, cyto-lethal distending toxins or CDTs, act as genotoxin 

and damage host’s DNA, modulate the cellular cycle, and suppress adaptive 

immunity, for example, by inhibiting T and B cell proliferation. Recently, 

progress in the development of a cell-coated or CMN nanoparticles represents 

a novel approach to toxin neutralization, which anchors bacterial toxins away 

from their physiological receptors by mimicking host cells. Therefore, a 

comprehensive understanding of how toxins, TA systems, and CDTs subvert 

immunity is crucial for developing targeted anti-virulence strategies and novel 

therapeutics to counteract antibiotic-resistant infections 
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Introduction 
 

   How Bacteria Destroy the Immune 

System: When infected by bacterial 

pathogens, the body launches an innate and 

adaptive immune response aimed at 

destroying the invaders and restoring 

internal balance. However, occasionally 

the body’s reaction runs wild. Excessive 

response would facilitate tissue injury; 

insufficient response or transient one would 

fail to clear the pathogens. A wide variety 

of bacterially derived toxins during 

infection may have profound effects on the 

immune response. For instance, bacterial 

toxins may help bacteria to escape immune 

surveillance, access the protective 

environment available for them within 

eukaryotic cells or either dampen or 

enhance pro-inflammatory reactions. 

Moreover, it has become evident in the past 

several years that bacterial toxins can 

induce other cellular responses besides 

their direct noxious effects. For instance, 

pore-forming toxins have the ability not 

only to stimulate cell lysis but also 

autophagy, pyro ptosis or MAPK signaling 

and so on. This results on host immune 

response that get used to the infection and 

modifies local and systemic inflammatory 

responses (1). Exotoxins may be in the form 

of single peptides or heterologous protein 

complexes trimmed at different sites of the 

cell. At the level of the cell membrane, 

they may enter the plasma membrane and 

induce damage, bind to receptors for 

internalization, or alter relationships with 

different cell populations. For exotoxins to 

exert their intracellular effects they need to 

penetrate the eukaryotic cell membrane. 

(2). Bacteria can induce disease by two 

mechanisms of, invasion and inflammation 

and toxin (1). Bacterial toxins are poisons 

can also cause pathogenic effect in some 

the helper T cells. Antigen-

presenting cells including macrophages, 

educate their antigen into peptides and 

show them, along with MHC II on the cell 

surface as part of an MHC-peptide 

complex. It is only a minority of immune-

responding cells (TH cells) which have 

receptors with the capacity to identify this 

complex. Nonspecific binding of the 

bacterial toxins (super antigens and MHC II 

molecules) to macrophages results in 

greater pairing between TH cells and 

macrophages. When these TH cells are 

activated by macrophages, they secrete 

immune-related cytokines such as 

interleukin-2 (IL-2), which results in a high 

IL-2 content in the blood. Levels this high 

can result in symptoms of nausea, vomiting, 
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diarrhea, hypocalcaemia and even shock 

proteins. Bacterial secretion 

systems secrete exotoxins into the 

extracellular space, however mammalian 

cells directly release exotoxins. 

The direct entry of exotoxins into 

mammalian cells is very effective, since 

exposed to the environment (or components 

thereof) only for a short time and are little 

affected by the host immune system and/or 

by extracellular antibodies. Bacteria have 

six secretion system types, among which 

the type III (injectable systems) is the most 

widely associated with virulence. 

.(2) 
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Image (1). Exotoxins are the main ways that 

bacteria cause disease, and they are 

classified into Type I (cause damage 

without entering host cells, stimulating the 

immune system), Type II (pore-forming or 

membrane-disrupting toxins allowing 

bacteria to penetrate cell membranes) and 

Types III A/B (two components; 

component B: receptors on host cells bind 

to this protein; component A: enzymatic 

activities involved in cellular injury) 

according to their mechanisms of action. 

This analogue presents a comprehensive 

illustration of varied classes of exotoxins 

and the corresponding interactions with 

host cells.(5) 

 

 

 

Endotoxins Within Bacterial Cell, 

Released After Its Death 
  They are distributed on the cell wall of 

Gram negative bacteria. This outer 

membrane composed of lipopolysaccharide 

(LPS) and phospholipids 
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located 

close to the molecular mid-point and 

extending from the bacterial surface is 

present in most Gram-positive bacteria. The 

polysaccharide (O-antigen), which forms 

the surface of the bacterium, is one of the 

most important antigens in Gram-negative 

bacteria as they have an extensive degree of 

antigenic diversity. Fever can be induced by 

macrophages releasing IL-1 (endogenous 

pyrogen) and IL-6. Interleukins have 

effects in the hypothalamus' 

thermoregulatory center. Nitric oxide is a 

vasodilator; TNF causes capillary leak, and 

bradykinin is both a vasodilator and 

increases capillary permeability. Each of 

these can result in hypotension, shock, and 

decreased perfusion to vital organs. 

Activated coagulation pathways may be 

related to disseminated intravascular 

coagulation (DIC) and can cause 

thrombosis,  tissue ischemia and other 

organ dysfunction. Endotoxin in samples of 

intravenous infusions from hospitals has 

been known to precipitate septic shock, one 

of the symptoms being fever.(4,6) 

 

 

Toxin-antitoxin and their role in 

bacterial pathogenesis 
  Bacteria contain numerous TA (toxin-

antitoxin) families. Yamaguchi et al. (9) 

have determined that the genome of E. coli 

possesses 36 Chromosomally encoded TA 

modules while M. TB H37 Rv strain 

harbors more than 80 TA modules (10,11). 

A high number of TA modules in pathogens 

like M. tuberculosis is thought to be 

essential for various processes, including 

persistent bacterial infections and the 

development of multidrug resistance 

biofilm formation which increase the 

pathogenicity of bacteria (12). 

Pathogenicity TA modules can establish 

drug-resistant flora that cause chronic or 

recurrent infections. Some Escherichia coli 

strains, as well as Shigella and 

Campylobacter species, have been shown 

to produce cytotoxic, cytostrophic toxins 

(CDTs).(13). 
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isation of CDTB and 

iii) activation of DNA damage response  

   

  Few studies have investigated whether 

CDTB isolated from different bacteria can 

denature, the data based on plasmid DNA 

(in vitro) indicates that for many organisms 

tested they are active as well (18). Active 

CDTB has to be translocated from the cell 

surface into the nucleus where it targets its 

enzyme substrates. E. coli CDTB subunits 

were electroporated and C. jejune CDTB 

subunits were microinjected into Cos-7 

cells. These by other bacteria studies show 

that CDTB subunits possess nuclear 

localization signals (NLS) to allow their 

presence inside the nucleus (20). Mutants 

that lack either of these NLS sequences 

have reduced nuclear localization and fail 

to poison the cells. Fahrer et al. studied the 

impact of CDTs on mammalian fibroblasts 

to ionizing radiation. In this regard, CDTs 

are essentially able to trigger the DNA 

damage response (DDR) and eventually 

double-strand breaks in contrast with 

ionizing radiation (IR), which only induces 

single-strand breaks of DNA (18).  

DNA damage response checkpoint is 

three-phased during activation. 

i) Sensor proteins (MRN and Ku complex, 

RPA) detect DNA damage and activate 

certain phosphatidylinositol-3-kinase-

associated protein kinases (ATM, ATR, and 

DNA-PK). 

ii) Transduction proteins (CHK1, CHK2) 

amplify the signal. 

iii) Effector proteins (p53, CDC25, etc.) 

activate corresponding cellular responses. 

 

 

    Mouse macrophages were co-cultured 

with wild-type A. actinomycetemcomitans 

or CDT mutant strains. Macrophages often 

induce host inflammation during infection. 

Wild-type strains had lesser phagocytic 

activity than CDT mutant strains. The co-

culture Aa(r)CDT with CDT mutants 

decreased the phagocytosis functions, 

indicating that CDT played a role in NO 

production and elevated expression levels 

of IL-1β, IL-12, and IL-10. In co-culture, 

ex-vivo TNF-α production was not 

modified except with Aa(r)CDT. It seems 

that Aa-CDT is actively involved in the 

suppression of phagocytosis and regulation 

of the ratio between pro-



Journal of Kerbala University, Vol. 23, Issue 1, March , 2026 

 

62 

degradable antitoxin (either RNA or 

protein). Antitoxins either bind directly to 

toxins as inhibitors or regulate toxin 

production. The regulation of TA modules 

allowed bacterial community to survive 

under harsh conditions including the 

induction of persistence phenomenon, the 

formation of biofilm and favor the 

resistance to infection by maintaining 

multidrug resistance. The medical potential 

of bacteriophages was already known and 

applied to treatment during WWI when the 

soldiers' camps were faced with dysentery. 

Bacteriophages were employed as 

antibacterial agents before antibiotics 

became available. These studies suggested 

for the first time in “phage-history” that so 

called “infection cessation” could protect 

bacteria from bacteriophage attack (at least 

in laboratory cultures) and, thus limiting the 

use of bacteriophages as therapeutic agents 

(prophylaxis) otherwise referred to as 

phage-therapy. As a contrasting system, 

TA modules provide a reverse with the 

same effect to phage in bacteria. Several 

works with TA models have also 

demonstrated that TA modules play a key 

role in promoting the reduction of bacterial 

metabolism and act as effectors of PGCD 

on defined bacterial populations. Bacteria 

persistence and biofilm formation are also 

believed to be responsible for the next 

survival of a small fraction of bacteria, by 

assuring the stoichiometric value between 

toxins and antitoxins. Pathogenic bacteria's 

TA systems can cause multidrug 

resistance, which adds an additional 

challenge for treating diseases. Ideal 

therapy for diseases resulting from 

pathogenic microorganisms remains 

elusive. The action of TA modules may 

enhance the pathogenicity of 

microorganisms. At present 

Mycobacterium tuberculosis have about 

88 diverse TA modules. In particular, it has 

been demonstrated that these systems are 

involved in the pathogenicity via bacterial 

persistence and multidrug resistance. 

Dormancy and multidrug resistance make 

the treatment of tuberculosis difficult. (24) 

Thus, CDT impedes the human immune 

response and contributes to proliferation of 

pathogenic bacteria although low doses of 

CDT induces DNA damage shows that 

damaged caused by CDT at low levels 

result in replication-dependent DSBs. This 

implies the presence of DSB-independent 

repair pathways that are involved in CDT-

resistance. They established that CDT-

induced damage is repaired mainly by two 

DSB repair processes: HR and NHEJ. 

Experiments demonstrated that SSBR 

deficient cells were sensitized to CDT but 

not to nucleotide excision repair. These 

findings is indicative cells could escape 

CDT-induced DNA damage by multiple 

mechanisms. Repair systems are essential 
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in the resistance to CDT-induced DNA 

damage and also for persistence inside host 

cells. Thus, what is currently being 

investigated by investigators are the real 

mechanisms of action of CDT: how 

pathogenic bacteria activate infection to 

trigger resistance towards CDT through 

endogenous repair processes (24). Certain 

Gram-negative bacteria, including for 

example E. coli—shown to be part of 

normal human microflora of the bowels—

may produce CDTs. CDTs of E. coli (Ec-

CDTs) may be generated by E. coli.(25) 
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Image 

 to 

programmed cell death (PCD) or a 

reduction in metabolic levels. These toxins 

help reduce the number of bacteria within 

the host, allowing a small number of 

bacteria to survive. Therefore, programmed 

cell death induced by the bacterial TA 

module is the optimal survival strategy for 

pathogenic bacteria under stress. 

  While cell cycle toxins (CDTs) disrupt 

host cells by altering the eukaryotic cell 

cycle, they can also attack the host's 

immune system and cells, allowing 

dangerous bacteria to survive. Some studies 

have shown that CDTs are involved in the 

carcinogenic process. 

  Escherichia coli, part of the normal flora 

of the human gut, is capable of producing 

CDTs; researchers have demonstrated that 

CDTs may play a role in the progression of 

colorectal cancer. Interestingly, these two 

toxin systems exhibit distinctly different 

mechanisms and target structures in 

inducing host diseases. The toxin-antitoxin 

(TA) system acts on the bacterial cells 

themselves, while the cytotoxic toxin 

(CDT) system acts on host cells. However, 

both contribute to bacterial survival within 

the host. Therefore, in-depth research into 

toxins and their molecular processes can 

provide crucial information for discovering 

new applications in the field of 

biotechnology. In turn, this can facilitate 

the development of new treatments to 

counteract the negative effects of these 

toxin systems during infection. 

   In summary, the articles demonstrate the 

complexity of the interactions between 

bacterial toxins and numerous organisms 

and immune cells. Of particular note is the 

sophisticated mechanisms bacteria have 

evolved to precisely, strain-specifically, 

and selectively modulate immune cell 

function. This highlights how invading 

pathogens employ entirely different 

strategies to evade the immune system 

during bacterial infection. Given the 

increasing severity of antibiotic resistance 

in bacteria globally, current articles focuses 

on developing more targeted strategies to 

combat and prevent infection, such as 

enhancing the host's immune system. A 

deeper understanding of how bacteria 

regulate the immune system will contribute 

to a better understanding and ultimately, 

identification of diseases. A deeper 

understanding of how bacteria manipulate 

the immune system will contribute to a 

better understanding of diseases and 

ultimately, the discovery of better 

treatments. 
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