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Abstract: Kawasaki disease (KD), also known as mucocutaneous lymph node syndrome, is an acute
febrile systemic vasculitis predominantly affecting children under the age of 5 years. The hallmark of
KD is systemic vasculitis, which can lead to coronary artery complications if not promptly treated.
Approximately 15%-20% of untreated cases develop coronary artery aneurysms, coronary artery
stenosis, or thrombosis, posing significant risks to pediatric health and survival. In recent years, the
incidence of KD has shown an upward trend. While intravenous immunoglobulin in combination with
aspirin remains the standard first-line therapy for acute KD, some patients exhibit resistance to
intravenous immunoglobulin or progress to refractory KD. The rapid advancement of modern
biomedicine has led to increased interest in biological agents for KD treatment, yielding promising
outcomes.

Keywords: biological agents; Kawasaki disease; treatment; clinical progress; pathogenesis

1. Introduction

Kawasaki disease (KD) is a systemic vasculitis of unknown etiology, predominantly affecting
coronary arteries. It has emerged as the most common acquired heart disease in children in developed
countries [1]. Without timely intervention, up to 25% of pediatric patients may develop coronary artery
dilatation or coronary artery aneurysms (CAAs), which can lead to myocardial ischemia, myocardial
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infarction, and potentially fatal outcomes [2]. Furthermore, 10%-20% of KD patients exhibit
resistance to first-line therapy with intravenous immunoglobulin (IVIG) and aspirin. While this
primary treatment regimen has decreased the incidence of coronary artery lesions (CALs) to
approximately 5%, patients with refractory KD remain at a heightened risk of developing CAAs. In
recent years, there has been an observed increase in both IVIG resistance rates and the incidence of
CALs [3,4]. The advent of biological agents offers a promising alternative for treating refractory KD,
demonstrating significant clinical efficacy. In this review, we summarize the pathogenesis of KD and
discuss the targeted anti-inflammatory effects and clinical advancements of biologic agents in the
treatment of KD based on its pathogenesis; we also briefly discuss the types, mechanisms of action,
dosage, administration, and adverse effects of biologics used in the treatment of KD.

2. Pathogenesis of KD

The pathogenesis of KD has not been fully elucidated. Current research suggests that its etiology
is associated with genetic predisposition, vaccine exposure theory, infections, environmental and
seasonal factors, and immune imbalance.

(1) Genetic predisposition: KD exhibits a higher prevalence in Asian populations, particularly
among Japanese individuals. Additionally, the incidence of KD is significantly elevated in children
whose siblings or parents have been diagnosed with KD [5,6]. Genes linked to KD can be categorized
into four groups: (i) enhanced T-cell activation (e.g., ITPKC, ORAIl, STIMI), in which single
nucleotide polymorphisms (SNP) in ITPKC may lead to an increase in IL-1 by activating of NLRP3
and contribute to an increase in the release of interleukin-2 (IL-2) by enhancing T-cell activation.
Abnormally elevated levels of the above cytokines lead to damage to vascular endothelial cells, which
will aggravate the clinical manifestations of KD and increase the risk of CALs. In Japan, SNP in
ITPKC is associated with the risk of CALs, while the same ITPKC in China is related to susceptibility
of KD. (ii) B-cell signaling disorders (e.g., CD40, BLK, FCGR2A4), in which the FCGR2A encodes the
human FCGR (a key protein linking the adaptive and innate immune systems), and upregulation of
this family of receptors during the acute phase of KD increases monocyte and neutrophil activation,
thereby exacerbating the inflammatory response. (iii) Cellular apoptosis (e.g., CASP3), in addition to
its apoptosis-inducing effects; CASP3 interacts with T-cell receptors, resulting in an increase in CASP3
transcription and activation of the nuclear factor signaling pathway in activated T cells, which
ultimately leads to elevated cytokine levels. (iv) Alterations in transforming growth factor f (TGF-f)
signaling (e.g., TGFB2, TGFBR2, MMP, SMAD); the SNP in genes associated with the TGF-f3 pathway
downregulates the Treg immune response, which is positively correlated with the risk of developing
KD and the incidence of CAAs. In addition, activated TGF-f is associated with T-cell activation and
cardiovascular remodeling, both of which contribute to the progression of KD [5-8].

(2) Vaccine exposure theory: Several studies have investigated the potential role of vaccinations
in inducing KD through robust stimulation of both innate and adaptive immune responses. However,
no definitive evidence has been found linking vaccination to the onset of KD [9].

(3) Infection: Research has demonstrated that the development of KD is associated with a wide
range of pathogenic infections. These include DNA viruses such as Epstein—Barr virus, human
adenovirus, and human parvovirus B19, as well as RNA viruses including Coxsackievirus, enterovirus,
influenza virus, and severe acute respiratory syndrome coronavirus-2. Additionally, bacterial
pathogens such as Staphylococcus aureus and group A Streptococcus have been implicated.

AIMS Allergy and Immunology Volume 9, Issue 2, 108—122.



110

Furthermore, Chlamydia pneumoniae, Mycoplasma pneumoniae, and Rickettsia can also
contribute to KD onset [10].

(4) Environment and seasonality: The incidence of KD appears to be influenced by seasonal
variations in different countries. For instance, higher KD incidence rates during winter and spring in
non-temperate climates suggest a correlation with specific viral infections [11].

(5) Immune response: The innate immune system can be activated by detecting pathogen-
associated molecular patterns or damage-associated molecular patterns. Early activation of the innate
immune system is characterized by the mobilization of circulating neutrophils and the production
of pro-inflammatory cytokines such as IL-1, IL-6, and tumor necrosis factor (TNF). The NLRP3
inflammatory vesicle is a key component of the innate immune system that recognizes these aberrant
molecular patterns in vivo and mediates caspase-1 activation and pro-inflammatory cytokine secretion
during microbial infection and cellular injury. Moreover, studies on adaptive immunity indicate that
both pro-inflammatory and regulatory T cells are detectable in the circulation within the first week
following fever onset [12,13]. Inflammatory cytokines such as IL-1 and TNF-a also promote the
aggregation and activation of inflammatory cells and the release of inflammatory mediators. Matrix
metalloproteinase (MMP) is involved in extracellular remodeling in KD and is associated with the
development of CALSs in patients with KD; IL-1f, IL-6, and TNF-a stimulate the expression of MMP-9,
leading to tissue damage and stress, which in turn triggers inflammatory responses and CAAs
formation [14].

3. Diagnostic criteria and treatment of KD

The diagnostic criteria and primary treatment protocols for KD were established according to the 2024
American Heart Association Scientific Statement on the Diagnosis and Management of KD [15].

4. Treatment of KD with biologic agents

As research on KD has advanced, it has become evident that biological agents are effective for
children who do not respond adequately to first-line treatments. Currently, biologic agents are
employed in the clinical management of KD. These include anti-TNF-alpha (TNF-a) antagonists, 1L-1
receptor antagonists, anti-CD20 monoclonal antibodies, IL-6 receptor antagonists, and platelet
glycoprotein IIb/I1Ia receptor inhibitors.

4.1. Anti-TNF-o. antagonists

TNF-a is a pro-inflammatory cytokine that plays a crucial role in the host’s defense against
infection and in modulating immune responses. While physiologically produced TNF-o exerts
protective effects, its overproduction can be detrimental or even lethal to the organism. Excessive TNF-
a levels are linked to chronic inflammation observed in immunomodulatory inflammatory diseases.
Early in vitro studies have demonstrated that TNF-a present in the serum of children with KD induces
endothelial cell apoptosis. Moreover, the significant elevation of TNF-a in the serum of children with
acute-phase KD directly induces vascular endothelial cells to express intercellular adhesion
molecule-1 (ICAM-1) and monocyte chemotactic protein-1 (MCR-1), which promotes the infiltration
of inflammatory cells, thereby exacerbating vascular injury and inducing CALs [16—18]. Consequently,
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controlling TNF-a levels or inhibiting its receptor binding is essential for mitigating inflammation in
KD patients. TNF-a antagonists can be categorized into two main types: monoclonal antibodies and
soluble receptors. Infliximab (IFX), a chimeric monoclonal antibody targeting TNF-a, and Etanercept,
a soluble TNF receptor fusion protein, represent key examples of these therapeutic agents [19].

441. IFX

IFX was first utilized in the treatment of children with refractory KD in 2004 and has since
become an accepted therapeutic option for patients unresponsive to IVIG therapy [20]. IFX is a human-
mouse chimeric monoclonal antibody that exerts its anti-inflammatory effects through multiple
mechanisms, including (1) neutralization of soluble TNF-a, (2) dissociation of TNF-a from its receptor,
and (3) elimination of TNF-a-producing macrophages and activated T cells via antibody-dependent or
complement-dependent cytotoxicity. Specifically, IFX blocks TNF-a by binding to it and preventing
its interaction with its receptor, thereby inhibiting neutrophil activation. Additionally, IFX can eliminate
activated T cells and CD14 and CD16 monocytes and inhibit the release of inflammatory cytokines
such as TNF-0, IL-1, IL-2, and IL-6 through cytotoxic effects. Furthermore, depending on the local
cytokine environment, IFX can induce the differentiation of naive CD4 Th cells into Th17 and regulatory
T-cell (Treg) phenotypes [18,21]. Moreover, IFX inhibits major inflammatory cytokine pathways,
including TNF-q, IL-1, IL-2, and IL-6, and suppresses these pathways at the transcriptional levels of
peptidase inhibitor-3, matrix metalloproteinase-8, chemokine receptor-2, and pentraxin-3. It further inhibits
elastase secretion from neutrophils and reduces their adhesion to vascular endothelial cells during the acute
phase, thereby mitigating arterial vascular endothelial inflammation. However, while IFX effectively
suppresses systemic inflammation in KD patients, it does not completely prevent local vasculitis [18,22].

IFX infusion in children with KD can effectively alleviate fever, mitigate inflammation, improve
arthritic symptoms, reduce the frequency of plasma exchanges, lower hospitalization rates, and prevent
the progression of CALs [18,20,23]. Compared to traditional IVIG therapy, the combination of IFX
and IVIG can decrease the incidence of drug resistance and shorten the clinical course for KD patients
who are resistant to IVIG, without a significant increase in adverse events [24]. According to the newly
revised guidelines, IFX is classified as third-line therapy; however, for patients who do not respond
well to first-line treatments, IFX can be escalated to second-line therapy [22]. Adverse effects
associated with IFX administration include rash, arthritis, respiratory issues, infusion reactions,
hepatomegaly, and vaccine-related complications, but these occur at a very low frequency [18].

4.1.2. Etanercept

Etanercept is a soluble TNF receptor fusion protein classified among the TNF-a antagonists. It
specifically binds to TNF-a, thereby inhibiting inflammatory responses by blocking the interaction
between TNF-a and its cell surface receptor [25,26]. Previous studies have demonstrated that
etanercept treatment in KD not only reduces TNF-a. levels but also decreases levels of IL-6, IL-12, IL-13,
and IL-17. Consequently, some experts hypothesize that etanercept may reduce other cytokine levels
by inhibiting the effects of TNF-a or lymphotoxin, thus mitigating vascular inflammation [26].
Although using etanercept as primary adjuvant therapy in acute KD does not alter the final outcome
of CALs, it may facilitate early relief of arterial dilatation. Importantly, several studies have shown
that combining etanercept with IVIG therapy can shorten disease duration and reduce sequelae in
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atypical KD patients, while enhancing IVIG sensitivity when administered within the first 10 days of
the disease [25,27]. Regarding safety, etanercept, being fully humanized, carries a lower risk of drug-
targeting autoantibodies and transfusion reactions compared to IFX, and it clears more rapidly [27].
Currently, etanercept has been utilized in infants with refractory KD, with clinical observations
indicating significant improvements in inflammation and fever resolution [28]. However, further
verification of its efficacy and safety through larger clinical studies is necessary.

4.2. IL-1 receptor antagonists

IL-1 mediates both local and systemic inflammatory responses and plays a pivotal role in the
pathogenesis of rheumatic and autoinflammatory diseases. In the IL-1 family, IL-1a and IL-1p are
typical pro-inflammatory cytokines, both of which bind and activate the same IL-1 receptor. IL-1 is
transcribed as an inactive precursor, which requires the assembly of NLRP3 inflammasome vesicles
to activate Caspase 1, which in turn mediates inflammation and enhances antigen-driven CD8" T-cell
differentiation, proliferation, memory, and migration to the tissues. On the other hand, IL-1a, upon
release from necrotic cells at the site of injury, can directly bind to IL-1 receptors on neighboring cells
and activate a cascade of inflammatory cytokines and chemokines. In a KD mouse model, IL-1a and
IL-1B were shown to play key roles in LCWE-induced KD vasculitis and myocarditis, and IL-1a was
not only associated with inflammatory thrombosis but was also involved in CALs formation [29-31].
In KD patients, IL-1 promotes antigen-driven differentiation, proliferation, and tissue migration of
CD8" T cells. It may also infiltrate the coronary artery wall, inducing the proliferation of smooth
muscle cells and myofibroblasts, prolonging neutrophil survival, and stimulating matrix
metalloproteinases, thereby contributing to the development and progression of CAAs [32].

4.2.1. Anakinra (ANA)

ANA is a recombinant IL-1 receptor antagonist that specifically blocks IL-1a and IL-1p by
antagonizing the IL-1 receptor. This action prevents the cascade of sterile inflammation and
inflammasome assembly in pathological conditions [33,34]. Although monoclonal antibodies that
blocked specific functions of IL-1a or IL-1PB alone significantly reduced the development of KD
vasculitis, simultaneous blockade of both cytokines was more effective in preventing the formation of
any KD lesions [29]. ANA not only facilitates complete recovery from aneurysms but also promotes
true remodeling of coronary arteries. Importantly, it exhibits an excellent safety profile in pediatric
patients, characterized by rapid onset of action, a short half-life, and dual blockade of both IL-1a and
IL-1pB [34,35]. Clinical studies have demonstrated that ANA effectively controls KD, significantly
reduces fever and inflammatory responses, and improves coronary artery dilation in over 90% of KD
patients [36]. In the use of ANA in the treatment of KD, most studies have used 2—10 mg/kg/d; the
most common adverse effects were fever and injection site rash, which resolved rapidly, and no
associated serious adverse effects have been identified. Both intravenous injection (IV) and
subcutaneous injection (SC) ANA have a favorable safety profile and are well tolerated in children
with KD; more frequent IV administration may result in more sustained concentrations compared with
SC administration, while multiple SC injections can be avoided without significantly increasing peak
concentrations. The use of high-dose ANA has been reported to be effective in the treatment of KD
combined with macrophage activation syndrome [37—43].
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It can be seen that the dose of ANA in KD treatment needs to be selected according to the different
conditions of the child.

4.2.2. Canakinumab

Canakinumab is a recombinant human monoclonal antibody that specifically targets IL-13 by
inhibiting its interaction with the IL-1 receptor, hence preventing the activation of inflammatory
responses [35,44]. In a 2017 European Phase II multicenter trial evaluating canakinumab in KD
patients, participants were categorized into two groups: an untreated complete KD group and an IVIG-
resistant KD group. The first group received an initial intravenous dose of 6 mg/kg canakinumab,
followed by one or two subsequent subcutaneous injections at weeks 4 and 8, contingent upon C-
reactive protein levels and clinical follow-up. The second group received the same initial intravenous
dose, with repeat administrations at weeks 4 and 8 post-initial treatment. Clinical studies have
demonstrated that canakinumab exhibits favorable efficacy and safety profiles, with no adverse
reactions reported [42].

4.3. Anti-CD20 monoclonal antibody: Rituximab

Rituximab was first introduced in 1980 for the treatment of B-cell lymphomas. This chimeric
mouse-human monoclonal antibody targets the CD20 surface antigen specifically expressed on B cells.
CD20, a glycosylated transmembrane protein, is predominantly found on the surface of both malignant
and normal B cells. Its stable expression on the cell surface, without shedding or internalization upon
antibody binding, makes it an ideal target for therapeutic intervention [45—48]. Rituximab binds to
antigens exclusively present on mature B cells and exerts its effects through three primary mechanisms:
Complement-dependent cytotoxicity, antibody-dependent cellular cytotoxicity, and direct induction of
apoptosis in target cells. These mechanisms lead to the depletion of B-cell activity, thereby playing a
significant role in the treatment of autoimmune diseases [46].

In 2012, Sauvaget et al. reported a case of KD that exhibited resistance to IVIG and systemic
corticosteroids, resulting in severe CALs due to uncontrolled progression of the disease. However,
following treatment with rituximab at a dose of 15 mg/kg/day, both the clinical symptoms and overall
condition of the patient were effectively managed. Notably, the CALs and coronary artery dimensions
gradually normalized [47].

4.4. IL-6 receptor antagonist.: Tocilizumab (TCZ)

IL-6 is a pleiotropic cytokine primarily produced by neutrophils and monocytes/macrophages. It
has been shown to downregulate FOXP3™ Tregs, promote the conversion of pro-inflammatory Tregs,
and diminish Treg stability, thereby exacerbating acute vasculitis. Additionally, IL-6 can induce
thrombocytosis and contribute to vasculitis and endothelial injury through the initiation of a cascade
of inflammatory reactions. Studies have demonstrated that IL-6 levels are significantly elevated in
IVIG-resistant KD patients compared to those who are IVIG-sensitive [49,50].

TCZ is an IL-6 receptor antagonist and a humanized monoclonal antibody that inhibits IL-6
signaling by blocking both membrane-bound and soluble forms of the IL-6 receptor, thereby exerting
targeted anti-inflammatory effects. It has been extensively utilized in the treatment of autoimmune
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diseases. Given the bidirectional regulatory nature of IL-6, this cytokine can bind to its receptor to
activate the gpl30 pathway under stress conditions, aiding in the elimination of pathogens and
promoting tissue repair. However, during infection or tissue injury, excessive IL-6 expression can
induce pro-inflammatory responses [51,52]. Therefore, the timing of medication administration is
crucial. During the coronavirus disease 2019 pandemic, accumulating evidence suggested that TCZ
can mitigate cytokine storms associated with multisystem inflammatory syndrome in children, which
shares clinical features with KD [53]. A small retrospective study conducted in 2024 demonstrated that
in KD patients resistant to IVIG, the administration of TCZ led to gradual resolution of KD-related
symptoms and effective control of systemic inflammation [50], with no adverse reactions observed.
Conversely, a prospective study from 2017 indicated that TCZ treatment in KD patients might be
associated with CAAs [54]. Due to the limited number of studies and small sample sizes, further
research is necessary to fully evaluate the efficacy and safety of TCZ in KD treatment.

In our opinion, the treatment of KD using biologics belongs to targeted therapy, because TCZ
belongs to IL-6 receptor antagonists, which may be ineffective in treating KD that is not dominated by
IL-6 elevation, which may be the reason for the contradictory therapeutic effects. Therefore, we should
dynamically monitor the cytokine levels of the children before and after the use of TCZ for KD
treatment to choose the appropriate biologics.

4.5. Platelet glycoprotein 1Ib/IIIA receptor inhibitor: Abciximab

Coronary artery thrombosis represents the primary cause of mortality in children with KD.
Despite initial treatment, 5% of KD pediatric patients still exhibit transient coronary artery dilation,
while 1% develop CAAs. Notably, these giant CAAs are susceptible to stasis, which can result in
thrombosis and stenosis at both the proximal and distal ends of the CAAs, potentially leading to
myocardial infarction [55,56].

Abciximab is a potent inhibitor of the platelet glycoprotein IIb/Illa receptor, which is situated on
the platelet membrane and mediates platelet aggregation. Consequently, abciximab effectively blocks
platelet aggregation by directly inhibiting these receptors. In addition to preventing platelet adhesion
to endothelial cells, abciximab also inhibits platelet adhesion to leukocytes and mitigates the
inflammatory process through its action on the amf2 integrin receptor [55]. Research has demonstrated
that while abciximab does not induce regression of coronary aneurysms, it successfully prevents
thrombotic complications and promotes vascular remodeling [56,57]. A case report on KD with CAAs
suggests that the combination of tissue plasminogen activator and abciximab may be crucial in treating
myocardial infarction caused by coronary artery thrombosis in KD patients with CAAs [56]. Based on
the current study, it has been shown that abciximab is prognostically beneficial in KD with severe
CALs, and that regression of the CALs is more pronounced when treated with abciximab on top of
first-line therapy compared with first-line therapy only [55]. Abciximab has been utilized for treating
acute coronary syndrome in adults. Still, there are significant physiologic differences between adults
and children, and studies on abciximab in the treatment of KD are limited to small-sample studies; its
optimal dosage for the treatment of KD, duration of treatment, long-term effects, and complications
need to be further substantiated by a larger number of studies.

The dosage and adverse reactions of commonly used biologic agents are presented in Table 1.
The pathogenesis of KD and the therapeutic mechanism of biologics are presented in Figure 1.
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Table 1. Dosage and adverse reactions of commonly used biologic agents.

Classification Drug Dosage and usage Adverse reaction References
TNF-o antagonists Inflixmab 10 mg/kg, 1V, over 2 hours [15]
5 mg/kg, IV Cutaneous eruptions, arthritic conditions, [18]
respiratory disorders, infusion-related
reactions, hepatomegaly, and
complications associated with vaccination
Etanercept 0.8 mg/kg, SC, three times per week [15]
IL-1 receptor antagonist Anakinra 10 mg/kg/d, IV/SC [15]
6 mg/kg/d, SC, discontinued directly after 9 weeks [40]
2 mg/kg/d, SC, 2 weeks [41]
2—-6 mg/kg/d, SC, 2 weeks [42]
2 mg/kg, IV, gradually increased to a maximum of  Liver damage [43]
10 mg/kg
Canakinumab 6 mg/kg, IV, repeated at weeks 4 and 8 [42]
Anti-CD20 monoclonal Rituximab 15 mg/kg/d, IV drop [47]
antibody
IL-6 receptor antagonist Tocilizumab 12 mg/kg/d (<30kg), IV drop [50]
8 mg/kg/d (>30kg), IV drop
Platelet glycoprotein IIb/Illa Abciximab 0.25 mg/kg, IV, followed by a 12-h IV drop of [57]

receptor inhibitor

0.125 pg/kg/min. Median day was 17 (range: 9—40)

AIMS Allergy and Immunology
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5. Conclusion

It is widely recognized that not all patients with KD respond adequately to first-line therapy, and
a subset of KD patients may develop refractory KD, thereby increasing the risk of CALs. The advent
of biological agents offers a promising alternative for managing refractory KD. Currently, biological
agents used for the treatment of KD are mainly divided into five categories: anti-TNF-a antagonists,
IL-1 receptor antagonists, anti-CD20 monoclonal antibodies, IL-6 receptor antagonists, and platelet
glycoprotein IIb/Illa receptor inhibitors. Among the anti-TNF-a antagonists, IFX and Etanercept have
been used in the treatment of KD, both of which can inhibit the interaction of TNF-a with the receptor
by competitively binding to TNF-a, which not only reduces the level of TNF-a but also downregulates
the expression of related pro-inflammatory factors, thus exerting anti-inflammatory effects. Notably,
IFX prevents the progression of CALs, and Etanercept promotes early remission of arterial dilatation
and enhances IVIG sensitivity. Although the overall safety profile of both drugs is favorable,
contraindications in special populations should be noted: IFX should be used with caution in KD with
comorbidities such as skin rashes or abnormalities in hepatic function. Among IL-1 receptor
antagonists, ANA and Canakinumab have been shown to be useful in the treatment of KD, both of
which work by blocking the IL-1 signaling pathway. ANA antagonizes the effects of both IL-1a and
IL-1B, whereas Canakinumab selectively inhibits IL-13 and IL-1 receptor binding. Available clinical
data suggest that treatment with ANA may cause liver function abnormalities, whereas no adverse
effects have been reported with Canakinumab. Therefore, for KD patients with combined hepatic
function abnormalities, it is recommended to prioritize Canakinumab or other alternative treatments.
The other three types of biologics need to be selected according to the different characteristics of
patients because of their different mechanisms of action. It is recommended to dynamically monitor
the changes in serum cytokine profiles before and after treatment with biologics in the clinic, so as to
reduce the risk of adverse reactions through biomarker-guided precision dosing.

However, it is crucial to exclude infection-related factors prior to initiating biological agent
therapy. Additionally, at the level of treatment selection, it is necessary to comprehensively assess the
child's condition, drug indications, and potential adverse effects, and to implement individualized
treatment plans and dynamically monitor serum cytokine levels based on a precise assessment of the
efficacy and safety profiles of biologics with different target sites. Currently, the pathogenesis of KD
has not been fully elucidated, and the clinical application of biologics in this field still has many
limitations, mainly focusing on the intervention of classical inflammatory pathways such as TNF-a
and IL-1. With the breakthrough progress of molecular immunology and genomics research, more key
signaling pathways and potential therapeutic targets may be revealed in the future, which will provide
a theoretical basis and innovative direction for the development of new biological agents.
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