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The immune regulation in parasitic infections plays a central role in cytokine mediation of host 

defense and disease pathology. It is an integrative review that summarizes the current 

molecular and quantitative data on the dynamics of cytokines in major parasitic infections, 

malaria, leishmaniasis, trypanosomiasis, and schistosomiasis. A methodical search of the 

literature was carried out in PubMed, Scopus, and Web of Science (2010-2025) and included 

speci�c inclusion and exclusion criteria. Descriptive analysis of quantitative cytokine 

concentration ranges and cytokine ratios was conducted based on heterogeneity of study 

designs. The �gures were made with Figma software to be visually accurate and clear. The 

results have shown that the outcome of infections depends mostly on the balance between pro-

in�ammatory (e.g., TNF-α, IFN-γ) and regulatory cytokines (IL-10, TGF-β). Severity of the 

disease is associated with disrupted cytokine ratios, instead of cytokine abundance. Molecular 

mimicry and JAK–STAT and NF-κB modulations are some of the ways used by parasites to 

sustain chronicity by exploiting these cytokine pathways. A combination of comparative 

cytokine pro�les shows common immunoregulatory principles between parasitic infections 

and cytokine ratios as a potential biomarker of disease progression or immune response to 

therapeutic intervention. This synthesis offers an integrated framework that connects cytokine 

signaling with clinical outcomes and provides guidance on subsequent standard, multi-omics 

studies to achieve precision immunomodulation and better disease prognostication.
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on the outcome of the disease; total elimination of the 
parasite or chronic infection and immune-mediated 
pathology [2]. Cytokines are small, secreted signaling 
proteins that are among the immune components that 
mediate host defense as central regulators of immune and 
non-immune cell communication [3]. They regulate, 
strengthen immune responses, and are molecular 
switches that keep the balance between anti-in�ammatory 
and pro-in�ammatory responses in balance [4]. For 
example, T-helper 2 (Th2) cytokines, such as interleukin-4 
(IL-4), interleukin-5 (IL-5), and interleukin-13 (IL-13), 
facilitate extracellular parasite expulsion but may also 

I N T R O D U C T I O N

Parasitic diseases still act as a signi�cant health burden to 
the world, especially in the tropics and subtropics, where 
m a l a r i a ,  l e i s h m a n i a s i s ,  t r y p a n o s o m i a s i s ,  a n d 
schistosomiasis infections have remained a signi�cant 
cause of morbidity and mortality despite decades of 
control measures [1]. The World Health Organization (2023) 
states that the number of new cases is millions each year, 
which highlights the potential of parasitic infection as a 
problem posing challenges to the health of humans, 
socioeconomic stability, and healthcare systems. These 
infections are characterized by intricate host-pathogen 
interactions whereby the immune system can be decisive 
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trigger allergic or �brotic responses if dysregulated, while 
T-helper 1 (Th1) cytokines, such as interferon-gamma (IFN-
γ), tumour necrosis factor-alpha (TNF-α), and interleukin-
12 (IL-12) [5]. On the other hand, anti-in�ammatory 
cytokines such as transforming growth factor-beta (TGF-β) 
and interleukin-10 (IL-10) inhibit excessive in�ammation, 
maintaining tissue integrity while also creating a niche for 
parasite persistence [6]. The action of cytokines through 
high-a�nity receptors that activate intracellular signalling 
pathways l ike JAK-STAT, NF-κB, and MAPK. The 
stimulation of these pathways controls the expression of 
genes that manage the growth, differentiation, and activity 
of immune cells [7]. As an example, Th1 polarization and 
IFN-γ synthesis induced by IL-12 stimulation of STAT4, and 
Th2 polarization and antibody class switching signalling are 
induced by IL-4-stimulated STAT6. At the same time, TNF-
α stimulates IL-1β the NF-κB, enhancing the transcription 
of in�ammatory genes, whereas IL-10 and TGF-β involve 
inhibitory receptor stimulation to inhibit the expression of 
pro-in�ammatory cytokine genes. Such organized 
molecular processes guarantee accurate immune 
regulation and maintain the balance between the 
destruction of pathogens and the protection of the tissues 
[8]. Available literature focuses on individual causal agents 
or cytokine families, and does not consider comparative 
dynamics, age-dependent changes, and chronic exposure 
outcomes. Thus, a new integrative paradigm is required to 
bridge the gap between cytokine signalling and clinical 
repercussions and potential therapeutic bene�ts. This 
study brings out the major functions of the cytokines, 
disease-speci�c pro�les, and clinical implications of 
cytokine modulation. Altogether, the review provides a 
modern interpretation of cytokine networks that are 
associated with disease and the development of future 
immunomodulatory treatments.
This study aims to focus on the immune regulation of major 
parasitic infections through cytokine mediation in a 
systematic way by synthesizing the current molecular and 
immunological information. 
The review was done in a structured and transparent 
manner in order to be comprehensive and reproducible. 
The process of the review was systematic literature 
identi�cation, screening, and narrative synthesis of results 
as they applied to the understanding of cytokine-mediated 
immune responses in parasitic infections. PubMed, 
Scopus, and Web of Science databases were thoroughly 
searched, including the period between January 2010 and 
October 2025. Inclusion Criteria: The inclusion criteria 
were: 1. Original research or review articles in English, 2. 
Parasitic infections-reported cytokine pro�les, immune 
modulation, or signaling mechanisms, and 3. Carried out in 
humans or tested in laboratory animal models. Exclusion 
Criteria: 1. Conference abstracts, cases, or non-peer-

reviewed publications, 2. The literature that was devoid of 
cytokine-speci�c data, and 3. Duplicate data or un�nished 
data. Data Extraction: Full texts were checked to extract 
data, and eligibility was determined by title and abstract. 
The resulting information covered cytokine type, direction 
of regulation (up- or down-regulation), stage of infection, 
host species or age group, and disease outcome.  To make 
sure that all �gures used in this review are clear, accurate, 
and visually consistent, all of them were conceptualized 
and created with the help of Figma software. 
Cytokines: Types and Functions in the Immune System
Cytokines are a general type of low-molecular-weight 
(usually 5-25 kDa) secreted proteins that are important 
intercellular messengers of the immune system [9]. They 
are mainly generated by immune cells (e.g., macrophages, 
dendritic cells, NK cells, T and B lymphocytes), although in 
many cases, non-immune cells (e.g., epithelial cells, 
�broblasts) also contribute to their production [10]. 
Cytokines do so in autocrine, paracrine, and, less 
frequently, endocrine signals, interacting with high-a�nity 
cognate receptors on their target cells and triggering 
intracellular signal transduction (notably JAK-STAT, NF-
KB, and MAPK) and resulting in changes in gene expression, 
differentiation, proliferation, survival, and effector 
functions [11]. 
Classi�cation of Cytokines: Type 1 vs Type 2 functional 
bias
Classi�cation of Cytokines: Type 1 vs Type 2 functional bias 
was done (Figure 1).
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Figure 1: Type 1 versus Type 2 Cytokine Network in Immune 

Regulation

This schematic illustrates the differentiation and effector 
mechanisms of T-helper 1 (Th1) and T-helper 2 (Th2) 
immune responses. Th1 cytokines, including interferon-
gamma (IFN-γ), tumor necrosis factor-alpha (TNF-α), and 
interleukin-12 (IL-12), promote macrophage activation and 
intracellular parasite clearance [12]. Conversely, Th2 
cytokines, such as interleukin-4 (IL-4), interleukin-5 (IL-5), 
and interleukin-13 (IL-13), induce eosinophil recruitment, 
antibody class switching, and mucosal repair for 
extracellular parasite expulsion. The balance between Th1 
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macrophages [22].
• Th2 cells, which are induced by epithelial-derived 

alarmins including IL-25, IL-33, and TSLP, trigger 
eosinophil recruitment and antibody (IgE) generation 
needed to expel helminth [19]. 

• Tregs (regulatory Tregs) are cells that reduce 
overproduction of in�ammation induced by the 
effects of IL-10 and TGF-β and control tissue damage 
[23].

• IL-6, IL-21, and IL-23 regulate Th17 cells that perform 
the functions of mucosal protection and granulocyte 
mobilization and may also cause immunopathology in 
chronic infections [24].

Helminth Infections: Th2 and Regulatory Dominance
Nematodes, trematodes, and cestodes cause helminth 
infections, which are characterized by a Type 2 immune 
response. Such an IL-4-driven cytokine environment 
orchestrates the mobil ization of  effector cel ls, 
eosinophils, mast cells, basophils, and alternatively 
activated macrophages (M2) [25]. It involves IL-4 and IL-13 
that promote B-cell class switching to IgE, mucus 
secretion, and intestinal smooth muscle contractility, 
which is a physical elimination mechanism, the so-called 
weep and sweep response [26]. 
• The IL-5 attracts and stimulates eosinophils, which 

contain cytotoxic granules (major basic protein, 
eosinophil cationic protein) that destroy helminth 
cuticles [27].

• The IL-33, which is discharged as an alarm by necrotic 
cells of the epithelial and endothelial layers, enhances 
Th2 polarization through the stimulation of innate 
lymphoid cells type 2 (ILC2s), which increase the 
production of IL-5 and IL-13 [28]. 

• The secretion of IL-27 by macrophages and dendritic 
cells has a modulatory effect, which increases Th1 
responses but subsequently stimulates the secretion 
of IL-10, thereby limiting Th2-mediated pathology 
[29]. 

Protozoan Infections: Th1-Driven Immunity and 
Pathology
Protozoan parasites, including Plasmodium, Leishmania, 
Toxoplasma gondii, and Trypanosoma spp., are mostly 
located inside host cells, which requires a Th1-biased 
response to be controlled successfully [30]. 
• NK cells and Th1 differentiate and produce strong 

amounts of IFN-γ in response to IL-12 released by 
antigen-presenting cells [31]. 

• IFN-γ causes classical macrophage activation (M1 
phenotype), which increases inducible nitric oxide 
synthase (iNOS) and reactive oxygen intermediates 
(ROI) involved in intracellular killing of parasites [32].

• TNF-alpha, acting synergistically with IFN-γ, 
potentiates phagolysosome fusion and increases 
M H C  ex p r e ss i o n,  w h i c h  r e i n fo r c e s  a n t i g e n 

This diagram summarizes the principal functional 
categories of cytokines in host defense. Key functions 
include: (1) immune regulation (mediating activation) [14], 
differentiation, and communication among immune cells 
[15], (2) pro-in�ammatory signaling, inducing acute-phase 
responses via IL-1β, IL-6, and TNF-α [16], (3) anti-
in�ammatory control, mediated by IL-10 and TGF-β to limit 
tissue damage [17], (4) hematopoietic support, through 
growth factors such as G-CSF that promote bone marrow 
cell proliferation [18]. Together, these interconnected 
c y to k i n e  p a t hways  o r c h e s t r a te  h o s t  i m m u n i t y, 
homeostasis, and pathogen tolerance.
Cytokine Mechanisms in Parasitic Infections and Host 
Immune Response
Cytokines are the major signalling molecules that 
coordinate immune responses to parasitic infections, as 
they serve as molecular messengers connecting innate 
and adaptive immunity. Parasitic pathologies: the 
presence of helminthic (multicellular parasites) and 
protozoan (unicellular parasites) parasites induces a very 
different cytokine pro�le, resembling the character of the 
infecting pathogen and the type of effector response 
needed to control it [19].  Pattern recognition receptors 
(PRRs), including Toll-like receptors (TLRs), C-type lectin 
receptors (CLRs), and NOD-like receptors (NLRs), are 
recognized by innate immune cells at the onset of infection, 
macrophages, dendritic cells (DCs), and epithelial cells. It 
leads to the release of pro-in�ammatory cytokines (IL-1β, 
IL-6, TNF-alpha, and IL-12) and chemokines that determine 
the in�ammatory milieu, which predetermines future 
adaptive reactions [20].
• Cd4 + T-cell differentiation into specialized subsets is 

determined by the cytokine microenvironment [21]. 
• Th1: IL-12 and IFN-γ trigger the program of Th1 to 

induce the killing of protozoa within the cell by 

and Th2 responses determines infection outcomes, 
ranging from protective immunity to chronic in�ammation 
and tissue �brosis [13].
Functions of Cytokines
There are several fundamental functions of the immune 
system, cytokine-based, as follows (Figure 2):
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Figure 2: Functional Spectrum of Cytokine-Mediated Immune 

Responses
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presentation [33].
Although these cytokines are necessary in the regulation of 
the replication of protozoans, when overactivated or 
prolonged, Th1 may lead to immunopathology. An example 
is that high levels of IFN-γ and TNF-α are involved in the 
in�ammation of the brain of the Plasmodium falciparum 
malaria [34] and the hepatic granulomas of the Leishmania 
donovani infection [35]. A regulatory feedback mechanism 
develops in chronic protozoan infection. IL-10, IL-27, and 
TGF-β reduce hyperin�ammation, which protects host 
tissues; however, unintentionally, it facilitates persistence 
of the parasite [36].
Cytokine Pro�les in Malaria Diseases
Recent quantitative studies have shown that there are 
speci�c cytokine concentration gradients that re�ect the 
severity of malaria and the outcome of the immune 
response. TNF-alpha (TNF-α) concentrations usually lie 
within 45 -120 pg/mL-1 in non-complicated infection, and 
up to 200 pg/mL-1 in complicated or cerebral malaria, 
which is why it has been proposed as a primary mediator of 
endothelial activation and in�ammation in Plasmodium 
falciparum infection [34, 37]. Likewise, interferon-gamma 
(IFN-γ) levels rise to 30-80 pg/mL-1 in mild disease and 150-
200 pg/mL-1 in advanced infection, as a result of 
hyperactivation of the macrophages and the production of 
nitric oxide [38]. However, regulatory cytokine interleukin-
10 (IL-10), on the other hand, increases substantially in the 
case of acute infection (60-110 pg/mL-1) as a response to 
in�ammation, but overproduction of IL-10 leads to parasite 
survival and chronic infection [39]. Multi-cohort meta-
analysis by [40] and recent systematic reviews [41] con�rm 
that a high TNF-α/IL-10 ratio (> 2.5) is a strong predictor of 
severe or fatal malaria, whereas a balanced ratio is strongly 
associated with controlled parasitemia and improved 
survival. Overall, these results indicate that the malaria 
immunopathology is mediated by cytokine imbalance and 
not cytokine abundance, and highlight the therapeutic role 
of cytokine signaling pathways modulation in the disease.
Leishmaniasis
Based on human research, local and systemic immune 
conditions are differentially characterized by quantitative 
cytokine signatures of cutaneous (CL) and visceral 
leishmaniasis (VL). In visceral leishmaniasis, IL-10 in 
circulation is always high before therapy (mean values at 
reported level of about 4664 pg/mL-1), and drops 
signi�cantly upon effective therapy, which indicates it to 
be an active disease and immunosuppressive marker [42, 
43]. Simultaneously, systemically IFN-γ can be detected in 
VL but at lower systemic concentrations than in localized 
CL; IFN-γ responsiveness can be restored by treatment 
and is associated with clinical cure. In the case of 
cutaneous leishmaniasis, the local (lesional) and PBMC-
stimulated cytokine levels depict the presence of far more 
IFN-γ production: Peripheral blood mononuclear cell 

(PBMC) cultures often have median IFN-γ -844 pgmL-1 
(range 198-1753 pgmL-1), lesion culture supernatants 
report lower yet signi�cant values (median -271 pgmL-1, 
range 0-758 pgmL-1), indicating strong local Th1 response 
[44].  In CL, IL-10 is not �xed across cohorts, but may rise to 
levels of 60-150 pg/mL-1 in serum or lesion �uid in various 
recent studies, with higher IL-10 being consistent with 
poor parasite killing or chronic lesions [45]. TNF-α and IL-
12 are usually moderate (tens to low hundreds pgmL-1) and 
cooperate to activate protective macrophages in 
controlled disease, but overproduction of local TNF-α still 
leads to tissue pathology. The IFN-γ/IL-10 ratio has been 
reported as a clinically useful index to differentiate 
between healing and progressive disease (higher ratios 
support parasite control), and persistent high levels of IL-
10 (low IFN-γ activity) are associated with treatment failure 
or chronicity. These quantitative trends, combined with 
each other, support the idea that the balance and the 
compartmentalization of cytokine responses (local lesion 
vs systemic circulation) and not individual absolute values 
control leishmaniasis outcome and the need to use IL-10 
and IFN-γ as translational biomarkers in clinical research.
African Trypanosomiasis
Stage-dependent cytokine signatures of human African 
trypanosomiasis are reproduced: an initial systemic pro-
in�ammatory response (high IFN-γ, TNF-α, IL-6) and a 
c o n s e q u e n t  l a t e  r e s p o n s e  s h i f t  t o  s t r o n g 
regulatory/neuroin�ammatory reactions (signi�cant IL-10, 
CSF cytokine responses). Cohort studies in peripheral 
blood show that the median IFN-γ values are in the range of 
30-75 pg/mL-1 to 40-130 pg/mL-1 in the blood of the 
systemic macrophage and the T-cell in the peripheral blood 
cell samples in the hemolymphatic stage [46]. To CNS 
progression, there were signi�cant rises in IL-10 and IL-6 
[47] (rhodesiense cohorts) in late-stage patients (CSF IL-10 
and IL-6 levels often many times higher than those 
peripherally and often high-to-hundreds pg/mL-1), which is 
a symptom of neuroin�ammatory action and CSF staging 
[47]. Signi�cantly more than equivalent malaria cases and 
healthy controls, rhodesiense HAT cohorts had median 
plasma cytokine concentrations of about IFN-γ, 72.2 
pg/mL-1, IL-6 55.0 pg/mL-1, and IL-10 115.5 pg/mL-1, 
highlighting the strong systemic in�ammation in HAT [46]. 
Relative changes and compartmentalization (blood to 
CSF), e.g., a decreasing IFN-γ/ IL-10 ratio and increasing 
CSF IL-6/ IL-10, are more powerful predictors of CNS 
progression and poor neurological outcome than any single 
cytokine concentration, pointed out by meta-analytical 
and review syntheses. These quantity patterns are 
behavioural at the stage, making it possible to employ 
speci�c combinations of cytokines (IFN-γ, IL-6, IL-10, TNF-
α) to enhance staging and prognostication [48].
Schistosomiasis
Schistosomiasis has a unique immunological progression 
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of an early Th1-dominated in�ammation to a chronic Th2-
dominated and regulatory cytokine response, which 
supports the development of granuloma and hepatic 
�brosis. Quantitative studies have shown that the infection 
of Schistosoma mansoni induces high IL-4, IL-5, and IL-13 
responses, which are associated with deposition of eggs, 
and IL-10 and TGF-β, which inhibit immunopathology [49]. 
The level of IL-13 in serum and Schistosoma egg-antigen 
(SEA)-stimulated cultures in chronic hepatosplenic cases 
is frequently higher than 1,000-1500 pg/mL-1, whereas in 
mild or intestinal cases, the concentration of IL-13 is 300-
600 pg/mL-1 [50]. In controlled disease, IL-10 is normally 
60-120 pg/mL-1, whereas in patients with advanced 
�brosis, it is lower than 50 pg/mL-1, hence loss of 
immunoregulation [49]. The IL-6 and TNF-α, which reach 
their peaks during the acute infection (70-180 pg/mL-1 and 
50-150 pg/mL-1, respectively), also decrease and are 
replaced by the Th2 and regulatory cytokines [51]. Taken 
together, these facts indicate that the morbidity of 
schistosomiasis is caused by the imbalance between 
cytokine, i.e., �brogenesis under the in�uence of IL-13, and 
the insu�ciency of control by the cytokine IL-10, rather 
than the abundance of any of the cytokines.
Synthesis and Insights
The current review highlights the key importance of 
cytokines in the coordination of immune responses to 
parasitic infection, which is that the outcome of diseases is 
not necessarily determined by the magnitude of cytokines 
individually, but rather by the dynamics between pro-
in�ammatory cytokines, anti-in�ammatory cytokines, and 
regulator y cytokines.  In malaria,  leishmaniasis, 
trypanosomiasis, and schistosomiasis, quantitative and 
comparative synthesis has shown that relative disregard of 
cytokine balance produces parasite persistence and host 
pathology, and is not a result of relative over-or under-
production. TNF-α, IL-6, and IFN-γ levels of patients with 
Plasmodium infections are positively associated with 
severe or cerebral malaria, and counter-regulatory IL-10 
can stop excessive in�ammation but allow chronic 
parasitemia. Ratios of similar cytokines (TNF-α/IL-10 > 2.5) 
have been suggested to be predictors of the severity of the 
disease [34, 40]. Similar duality is present in the case of 
Leishmania infection, whereby IFN-γ and IL-12 stimulate 
macrophage activation and parasite elimination, and high 
levels of IL-10 and IL-4 promote the persistence and 
chronic cutaneous lesions. Results of quantitative human 
studies testify  to  this  rat io:  the average IFN-γ 
concentrations in the cutaneous disease are often higher 
than 800 pg/mL-1, and the concentration of IL-10 above 100 
pg/mL-1 is associated with poor response to therapy [44, 
45]. Cytokine patterns of African trypanosomiasis change 
with time, whereby initial stages are dominated by IFN-γ, 
which is replaced by TNF-α dominance and then IL-6/IL-10 
dominance in suppressing the immune system and 

in�ammatory reactions on the central nervous system, 
respectively. Cerebral IL-10 (>200 pg/mL-1) and IL-6 (>120 
pg/mL-1) are con�rmed as late biomarkers [46, 47]. It is 
supported by these �ndings that disease progression is 
also characterized by compartmental redistribution of 
cytokines, especially in the CNS, which contributes to 
immune depletion and neurological pathophysiology. 
Cytokine dynamics in the case of schistosomiasis are 
characterized by a change towards Th2 and pro�brotic. 
High IL-13 (>1 mg/mL-1) is related to hepatic �brosis, and 
low IL-10 (<60 pg/mL-1) impairs immunological control and 
enables the development of granulomatous in�ammation 
[50]. The IL-13/IL-10 ratio, therefore, can be considered a 
useful measure of �brogenic potential in line with the TNF-
α/IL-10 ratio applied in malaria prognosis. Collectively, 
these disease-speci�c cytokine ratios represent a general 
immunoregulatory paradigm in parasitic infections: 
pathology is caused by uncoupled pro-in�ammatory and 
regulatory cytokines either temporally or in intensity. In 
comparison, this synthesis shows that there is a common 
immunological rationale: parasites take advantage of host 
regulatory mechanisms to play safe without inducing 
sterilizing immunity. Protozoan and helminth parasites use 
recurrent cytokine mimicry, receptor modulation, and 
intracellular signalling interference (e.g., JAK–STAT, NF-
κB, and MAPK pathways). Modern transcriptomic studies 
also indicate that persistent IL-10 and TGF-β signalling of 
chronic infections reprograms immune-metabolic 
responses to facilitate tolerance and suppress effector 
exhaustion [52]. Controlled cytokine modulation is a 
promising therapeutic approach in the reduction of 
immunopathology that should not cause the weakening of 
host defense. In malaria and leishmaniasis, adjunctive 
therapy using anti-TNF-α or IL-6 signaling has been 
demonstrated in experimental studies to minimize tissue 
damage without suppressing antiparasitic immunity. 
Equally, anti�brotic effects of IL-13 or downstream �brotic 
mediators (e.g., TGF-β and collagen production) inhibition 
have also been seen in schistosomiasis models [51]. 
Nonetheless, the differences in the host responses, which 
depend on genetic, environmental, and co-infection 
factors, predetermine the need to use individual or 
population-speci�c immunotherapeutic methods. Even 
with the tremendous improvements, there are still a 
number of gaps. Most cytokine research uses cross-
sectional data or induced culture, which does not provide 
an understanding of the kinetics in vivo. Similarity of 
c y t o k i n e  m e a s u r e m e n t s  a n d  a s s a y s  r e q u i r e s 
standardization of cytokine measurements and assay 
platforms to achieve meta-analytic consistency. In 
addition, combined with transcriptomic and metabolomic 
data, cytokine pro�ling may be investigated in multi-omics 
to understand regulatory feedback mechanisms that can 
control the results of infections.
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R E F E R E N C E S

This review highlights how cytokine-mediated regulation is 

the concept de�ning immune outcomes during parasitic 

infections. The comparative analysis of malaria, 

leishmaniasis, trypanosomiasis, and schistosomiasis 

indicates that the severity and persistence of the disease 

are not caused by the presence of cytokines but rather by 

the imbalance of cytokines - especially in ratios like TNF-α/ 

IL-10 and IL-13/ IL-10. Further quantitative data 

demonstrate that parasites manipulate host cytokine 

networks in a strategic manner using JAK-STAT, NF-κB, 

and MAPK signaling pathways to develop chronic infection 

and immune tolerance. These results offer an integrated 

paradigm of cytokine signaling in host-parasite 

interactions, pathogenesis, and therapeutic possibilities. 

Further studies are required to focus on standardized 

cytokine measurements, longitudinal multi-omic 

combination, and cytokine-based immunomodulation in 

order to enhance diagnostic accuracy and clinical 

prognosis in parasitic infection. 
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