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ABSTRACT 
 

Aims: to revisit the condition of chronic metabolic shifting caused by immunomodulatory sequence 
facilitated by helminth infection together with other deteriorating condition such as persistent 
exposure to infection which contributes to stunting formation. 
Discussion: During dynamic interaction between active helminth infection and the host, the 
helminth and its excretory/secretory products induce and arouse the type 2 immune response 
which drives host tolerance and plays an important role in promoting tissue repair. Helminths also 
activates M2 Macrophages and induce a metabolic shift, even metabolic reprogramming towards 
reliance on oxidative phosphorylation, lipid oxidation and amino acid metabolism. Helminth-induced 
activation and metabolic reprogramming of macrophages precede the improvement in overall 
whole-body metabolism, denoted by improved insulin sensitivity, body mass in response to high-fat 
diet and atherogenic index in mammals. Contributions of altered nutrient uptake, adipose tissue 
function and/or the intestinal microbiota with the ability of helminths to alter metabolic status play a 
pivotal role in increased metabolism rate and may lead to wasting and even stunting formation. 

Review Article 
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Conclusion: Helminth drives the type 2 immunity and activates its cell line which is responsible for 
metabolic shifting and reprogramming. 
 

 
Keywords: Biochemical; stunting; soil transmitted helminths; tropical disease. 
 

1. INTRODUCTION 
 
Metabolism is the set of life-sustaining 
biochemical reactions in living organisms, 
specifically taking place at the level of cells; its 
main business is to change food into energy [1]. 
This energy, specifically ATP, is the currency of 
energy among cells [2] to accomplish every 
aspect in living organism, from simple motoric 
activity [3] to complex cognitive-intelligentsia [4] 
even up to sophisticated bodily growth [5]. 
Specific key signaling proteins in the body 
control the chemical reactions of metabolism by 
responding not just to the existence of            
nutrients or metabolites but also to other             
growth signals; that means choreographing              
the control of cellular metabolic processes                
[6]. 
 
Unfortunately, this wonderful metabolism 
blessing could be affected by several conditions, 
one of them is the darling of a tropical disease 
called chronic intestinal parasitic infection 
(specifically helminth) [7], especially when it 
happens in vulnerable subpopulations such as 
pregnant women [8] and can cause metabolic 
shifting [9]. Metabolic shifting evolved due to the 
periodic nature of the environment, occurs on a 
regular basis due to the demand-availability 
interplay of energy resources (food), 
expenditures (growth, infection etc.), and depots 
(excessive food intake), all of which have a 
periodic nature due to the environment's 
circadian rhythmicity [9]. 
 
Metabolic shifting is actually the hallmark of most 
common diseases and the quest for the 
underlying unity of its pathogenesis is crucial 
[10]. Chronic metabolic shifting together with 
other deteriorating conditions such as persistent 
exposure to infection, can cause a catastrophe 
vicious circle in children called stunting                   
[11,12] and this became the aim of this mini-
review. 
 

2. STUNTING AT A GLANCE 
 
Epidemiologically, eventhough there has been a 
reduction in child stunting rates from 40% in 
1990 to 23% in 2016, 155 million children 
worldwide still suffer from stunted growth, mostly 

in Africa, South Asia, and Southeast Asia, 
stunting is still a great neglected major health 
problem, especially in underdeveloped countries 
[12]. Stunting always related to restriction to food 
intake and in combination with prolonged 
infection [7-11]. 
 
A condition of chronic or recurring deficiency of 
correct nutritious foods, both in quantity and 
quality, for mothers [8] and children during the 
whole prenatal and postnatal periods [12-14] 
subsidizes to the formation of stunting [7]. 
Children who are stunted (length-for-age Z-
score<-2) are at greater risk of infectious 
morbidity and mortality [12]. 
 
The most well-accepted pathway to the 
existence of stunting is a complex ‘vicious cycle’ 
between long term nutritional deprivation [13] 
and chronic-persistent infection [14], which is 
progressing negatively to fence in microbiota 
dysbiosis of the intestine [15] which causes the 
disappearance of intestinal immune cell function 
[16], and triggers the local intestinal inflammation 
[17,18], and when it happens in the specific 
portion of intestinal walls defined as leaky gut, 
[19] a weakening of the intestinal walls which in 
turn allows bacteria and toxins to be released 
into the bloodstream. It then will trigger chronic, 
full body inflammation or systemic inflammatory 
responses [20]. Adjacent to energetic, hormonal, 
and metabolic sequela, anemia is also on 
numerous occasion experienced as co-morbid 
condition of stunting [21]. Furthermore, anemia 
found in mother [8,22] and/or child [23] may be 
overlapping causing stunting.  
 
Common chronic persistent infection among 
children is caused by intestinal parasites [7], 
mostly the soil transmitted helminths, or STH 
[30], which are parasitic nematode worms that 
live in the human intestine [31]. The three most 
common STH infecting humans are: round worm 
Ascaris lumbricoides, whip worm Trichuris 
trichiura and hookworm Ancylostoma duodenale 
and Necator americanus. They easily 
disseminate through soil or water contaminated 
by human stool that contains the parasite larvae 
[30,31]. STH infections are considered                      
the great neglected tropical diseases or NTDs 
[32]. 
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3. HOW INTESTINAL PARASITIC 
INFECTION CONTRIBUTES TO 
STUNTING 

 
In the intestine, parasites occupy the same niche 
as bacteria, members of the normal microbiota 
[24]. The coming of new comer intestinal 
parasites can disrupt the normal balance of the 
gut microbiota [24,25] and can open the door for 
other bodily derangement [26]. The two-way 
relationship between intestinal parasites and the 
microbiota [17, 27], sometime it is already 
happening in very early life just as revealed by 
Hakizimana et al [28], and their combined 
reciprocally strengthened effects [14], could play 
a key role in stunting [12-14,17,23]. Epigenetic 
regulation of gene expression in children at risk 
of stunting [29] may link parasitic infections and 
poor intestinal health and function [14-20] since 
very early life and may lead to stunting formation 
[33]. 
 
 The normal gut microbiome accommodates all 
good bacteria [34], specific fungi [35], protozoa 
which are sometimes classified as neglected gut 
microbiomes [36], the less common reported 
archaea [37], and even an abundance of viruses 
[37]- these are all well-function biomes [38] that 
reside in and along the gastrointestinal tract, 
especially in the intestine [39] and may occupy 
their milieu commensally [40]. The composition 
of the gut microbiota is probably the result of a 
process involving ecological memory, and not 
just simple host-based filtering [41]. Its 
composition is always in a dynamic and fluctuant 
state [42] and, probably, with a double face, 
favorable or detrimental to the host [43]. 
 
The gut microbiome plays important roles in (1) 
the process of metabolism - i.e., the metabolism 
of nutrients, such as indigestible 
polysaccharides, lipids, vitamins, and AAs [44], 
(2) gut epithelial well-being [34,37,39,40], and 
(3) controlling the systemic innate [45] and 
adaptive [46] immune responses, even to the 
extent of promoting immune tolerance [47]. As 
far as is known, the human host and microbes 
have coevolved throughout evolutionary history 
in the gastrointestinal niche [48,49], and it is 
postulated that their closed interaction [50] has 
adapted to exert dynamic influences on each 
other [51]. Helminth infection increases the 
host’s microbiome diversity, together with its 
richness [52]. Ongoing helminth infection has 
been associated with the suppression of bodily 
allergies reactions [53] and also a converted 

susceptibility to certain microbial infections due 
to the shift in the host’s immune response [54].  
 
Study revealed that active and chronic helminth 
infections can protect against allergic ailment by 
an active regulatory process [55] by the aid of its 
intense modulation of the specific host immune 
system dictated by expanding repertoire of 
parasite effector molecules [56] (e.g., Anti-
inflammatory protein-1, a family member of 
tissue inhibitor of metalloprotease (TIMP)-like 
proteins secreted by N. americanus, which act 
as suppression in TNBS colitis model: promotes 
expression of colon IL-10, TGF-β, and TSLP and 
the accumulation of Treg cells in the colon and 
Anti-inflammatory protein-2  also secreted by N. 
americanus, a family member of TIMP-like 
proteins which causes suppression in model of 
allergic airway inflammation via Treg cell 
induction and suppression of T cell proliferation 
in cells from house dust mite (HDM)-allergic 
patients),  therefore leading to a systemic T-cell 
hyporesponsiveness to parasite antigen [57], 
which is triggered by the induction of a complex 
regulatory network initiated by the regulatory 
cytokine IL-10 [58,59] and TGF-β family [57]. 
Basically, helminth-induced immunoregulation 
occurs through the induction of regulatory T cells 
[60] and or Th2-type cells [61], and this plays a 
role for Treg in limiting inflammation-induced 
pathology following helminth infection [60]. An 
increased proportion and expansion of adaptive 
Treg cells is also reported by Santos et al in 
Brazil [62] which reported Ascaris lumbricoides 
coinfection with active tuberculosis actually 
reduces infected tissue damage by reducing IL-6 
levels without altering the clinical progression of 
pulmonary tuberculosis or Th1/Th2/Th17 
cytokine profile. 
 
Although, significant complex environmental 
exposure on individual members of the 
community causing dynamic variation regarding 
regular daily diet [63], personal hygiene [64], 
environmental sanitation conditions which 
contribute to ecologically based natural selection 
[65], helminth related species and burden which 
infected [66] and so many other factors that 
make it strenuous to accomplish consensus 
regarding the consequences of helminths on the 
gut microbiome reciprocally. Inconsistent 
associations between active helminth infection 
and its related parameters such as species 
abundance, diversity and taxonomic plethora 
commonly used to profile the microbiome 
actually already revealed by previous literature 
review studies. These inconsistencies advocate 
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that factors such as host genetics (e.g., in 
relation to the host’s gender and genotype) [67], 
nutrition [68], the history of exposure to 
anthelmintic or other treatment [69] and the 
condition of co-infections [70] may also exert 
influence on the reciprocal effects of helminths 
on the microbiome or the microbiome on 
helminths. This interesting pile of knowledge 
bolsters up the need for more extensive study, 
perhaps with meta-analyses, to accommodate all 
the data with the approach of cross-study and 
cross-population in order to get better 
understanding regarding the role of dynamic 
interaction between the host’s microbiome, the 
parasite and the environment. In the next 
section, we are going to link this interaction with 
the metabolic shifting experienced by individuals 
who are which chronically infested with parasite. 
 

4. METABOLIC SHIFTING IN INDIVIDUAL 
INFESTATED WITH CHRONIC 
PARASITIC DISEASE 

 
Here, we provide a comprehensive review 
regarding this sub-topic subtopic. Even during 
earliest exhibition to the invasion of parasites, 
hosts can establish behavioral and or 
physiological responses [72]. Those responses 
may occur without the host realizing or fully 
aware about it. The tendency of chronicity 
regarding parasitic infection and inability to 
combat innumerable species of parasitic 
helminths that become co-evolved with their 
preference hosts over the history of mankind 
proposes that certain mammals have 
accustomed mechanisms which tolerate this 
specific infectious disease [73]. That conditions 
expose the host to certain metabolic costs 
[71,74]. Ongoing inflammatory and immune 
responses are associated with dramatic shifts in 
tissue metabolism. These changes include local 
and persistent depletion of important nutrients 
[13], increased oxygen consumption [4], and the 
generation of large quantities of reactive nitrogen 
and oxygen intermediates [20]. Such enormous 
shifts in tissue metabolism derive, at least in 
part, from profound recruitment of inflammatory 
cell types, particularly myeloid cells, such as 
neutrophils (polymorphonuclear leukocytes 
[PMNs]) and monocytes [44]. In reality, the vast 
majority of inflammatory cells are directed to, as 
opposed to resident at, the region infected and 
suffer inflammatory lesions [18]. “By stark 
contrast, adaptive immune responses are 
characterized by high rates of local T and B cell 
proliferation and have significantly different 
metabolic demands. Detrimental effects of 

parasitism on host fitness are frequently 
attributed to parasite-associated demands to 
host’s energy” [74]. 
 
Unfortunately, few studies have measured these 
costs directly. Hence, little is known about 
metabolic costs arising from parasite exposure. 
Furthermore, no one has yet measured whether 
and how previous infection history                
modulates metabolic responses to parasite 
exposure. 
 
“In case of chronic (intestinal) helminth infection, 
there is an interplay of type 2 immunity, helminth 
infection and the microbiota in regulating the 
host’s metabolism” [75]. During ongoing helminth 
infection, type 2 immunity is required to limit 
worm burdens and to promote the timely repair 
of the damage caused by tissue migrating larval 
stages of the parasite. With the involvement of 
Type 2 immunity, which has recently been 
noticed as a crucial player in the host’s 
metabolic status [76], with innumerable studies 
analyzing the role of type 2 immune cells within 
adipose tissue [77,78].  
 
Metabolic dysfunction which occur during active 
helminth infection is repeatedly designated as a 
sustained low‐grade or chronic inflammatory 
state within the infected part of the tissues [79], 
and type 2 immunity may simplify a return to the 
condition of metabolic homeostasis, as part of 
the host protective function [80].  Ideally, the 
immune response is designed to the specific 
milieu in which it takes place [12,16]. “Immune 
cells have the special ability to sense and adapt 
to fluctuation in their surroundings, and it is now 
getting more noticed that in addition to cytokines 
made by stromal and epithelial cells, metabolic 
cues provide key adaptation signals. Changes in 
immune cell activation states are linked to 
changes in cellular metabolism that support its 
function” [81]. “Furthermore, metabolites 
themselves can signal between as well as within 
cells” [40,79,81]. “Metabolic regulation relates to 
type 2 immunity firstly by considering specifics of 
metabolism within type 2 immune cells and 
secondly by stressing how type 2 immune cells 
are integrated more broadly into the metabolism 
of the organism as a whole” [81]. 
 
A complex network of type 2 resident cells 
including The anti-inflammatory M2 
macrophages [82], eosinophils [83] and group 2 
innate lymphoid cells (ILC2s) [84] has been 
properly identified within adipose tissue. In spite 
of the fact that the exact effector cells in this 
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equilibrium have not been intelligibly recognized, 
any change of the type 2 microenvironment 
resulted in a shifted metabolic state [85]. This 
shifted metabolic state of the host sometimes 
also called metabolic reprogramming [9,10,85-
87]. 
 
The characterization of metabolic 
reprogramming toward glycolysis, which favors 
immune cell activation and its effector, is 
commonly seen in sepsis [86,87]. Their 
functional implications in anti-inflammatory [88], 
immune regulation [89] and later pro-
inflammatory [20] responses are actually 
important built in features to survive from 
catastrophic infection.  In the case of helminth 
parasites, they are complex metazoans that 
belong to different taxonomic families but 
collectively share the ability to downregulate the 
host immune response directed toward 
themselves (parasite-specific 
immunoregulation). During long-standing chronic 
infection, these helminths appear to have the 
ability to dictate its host by way of suppress 
immune responses to bystander 

pathogens/antigens and atopic, autoimmune, 
and metabolic disorders. 
 
At least, there are two major features of 
metabolic reprogramming in inflammatory 
condition, in innate and as well as in adaptive 
immune cells, namely as follows:  
 
1) Energy production and biosynthesis 

reprogramming, including increased 
glycolysis and decreased oxidative 
phosphorylation, in order to secure faster 
ATP production and biosynthesis for 
defense response and damage repair, and  

2) Epigenetic reprogramming, including 
enhanced histone acetylation and 
suppressed DNA methylation, due to 
altered accessibility of acetyl/methyl group 
donor and metabolite-modulated 
enzymatic activity. Finally, we discuss 
current strategies of metabolic and 
epigenetic therapy in cardiovascular 
disease and recommend cell-specific 
metabolic and gene-targeted site-specific 
epigenetic alterations for future therapies. 

 

 
 

Fig. 1. Schematic steps of general interplay between immune response and metabolic 
reprogramming. Activation of innate immune cells by pathogen/danger-associated molecular 
pattern or metabolite-associated danger signal via pattern recognition receptors or metabolic 

sensor to facilitate the downstream signaling cascade to initiate an immune response. 
Metabolic reprogramming exists during this type of immune responses, in which various 
cellular metabolic processes in immune cells are altered to achieve an adequate function. 

Complex process may be involved and finally lead to a metabolic optimization in which 
distinct metabolic signature determines specific inflammatory or anti-inflammatory immune 

cell subset differentiation [86 with modification]. 
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Fig. 2. Schematic representation of putative mechanisms by which helminth infection could alter the metabolic state of the host. Helminths 
typically elicit a type 2 immune response which has been associated with modulation of adipose tissue homeostasis, whole-body metabolic 

changes and changes in intestinal physiology [75, with modification] 
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The metabolic response of the host to helminth 
infection usually leads to modification in the 
pattern of amino acids in the body fluids [90], 
remodeling of the lipid metabolism, i.e., a 
depletion of the amino acid pool, an alteration of 
the ketogenic pathways [79], and changes in  
composition of microbiota-related metabolites 
[54]. This profound metabolic shift also has an 
intense influence on the host immune status and 
eventually affects organs that are not directly 
involved in the immune response. 
 
Helminths can make adjustments to harsh 
environmental conditions inside the host [91], 
such as utilizing anaerobic cycles such as 
fermentation and malate dismutation to obtain 
energy from carbohydrate they steal from their 
host [92]. Carbohydrate is an essential energy 
source in all mature helminths and its 
metabolism process is often primarily through an 
anaerobic cycle, even in the milieu where 
oxygen is abundant. Helminths also use amino 
acid, polyunsaturated fatty acid (PUFA), and 
cholesterol metabolism, a possible strategy 
favoring the production of immunomodulatory 
compounds that may influence survival in the 
host and evade host immunity [93]. 
 
It is clear that helminth infections can cause 
severe problems such as stunting in 
undernourished children by way of attenuation of 
systemic inflammation and metabolic 
reprogramming. Further studies need to be 
conducted in order to explore metabolically 
mediated immunosuppressive status of the 
vulnerable host which  is infected with helminth; 
what species, and for how long, and also with 
the history of previous treatment for a chronic 
helminth infection. 
 

5. CONCLUSION 
 
Chronic metabolic shifting and reprogramming 
during helminth infection usually occur together 
with other deteriorating condition such as 
persistent exposure to infection and prolonged 
inflammation that all together can cause 
stunting. Type 2 immune response induced by 
helminth infection drives host tolerance and 
plays an important role in promoting tissue 
repair. Helminths polarizes in to M2 
Macrophages and induce a metabolic shift 
towards reliance on oxidative phosphorylation, 
lipid oxidation and amino acid metabolism. 
Helminth-induced activation and metabolic 
reprogramming of macrophages underlie 
improvement in overall whole-body metabolism, 

denoted by improved insulin sensitivity, body 
mass in response to a high-fat diet and 
atherogenic index in mammals. Contributions of 
altered nutrient uptake, adipose tissue function 
and/or the intestinal microbiota with the ability of 
helminths to alter metabolic status play a pivotal 
role in increased metabolism rate and may lead 
to wasting and even stunting formation. 
 

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 
Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc) and text-to-image 
generators have been used during writing or 
editing of this manuscript.  
 

COMPETING INTERESTS 
 
Author has declared that no competing interests 
exist. 
 

REFERENCES 
 
1. Sánchez López de Nava A, Raja A. 

Physiology, Metabolism. [Updated 2022 
Sep 12]. In: StatPearls [Internet]. Treasure 
Island (FL): StatPearls Publishing; 2024 
Jan-. 
Available:https://www.ncbi.nlm.nih.gov/boo
ks/NBK546690/ 

2. Pinna S, Kunz C, Halpern A, Harrison SA, 
Jordan SF, Ward J, et al. A prebiotic basis 
for ATP as the universal energy currency. 
PLoS Biol. 2022 Oct 4;20(10):e3001437. 
Available:https://doi.org/10.1371/journal.pb
io.3001437 

3. Hargreaves M, Spriet LL. Skeletal muscle 
energy metabolism during exercise. Nat 
Metab, 2020; 2:817–28. 
Available:https://doi.org/10.1038/s42255-
020-0251-4 

4. Meijer A, Königs M, Pouwels PJW, Smith 
J, Visscher C, Bosker RJ, Hartman E, 
Oosterlaan J. Effects of aerobic versus 
cognitively demanding exercise 
interventions on brain structure and 
function in healthy children-Results from a 
cluster randomized controlled trial. 
Psychophysiology. 2022 
Aug;59(8):e14034. 
Available:https://doi.org/10.1111/psyp.140
34. 

5. Mahdi S, Dickerson A, Infield Solar G, 
Caton SJ. Timing of energy intake and 
BMI in children: differential impacts by age 



 
 
 
 

Suryowati; Int. J. Trop. Dis. Health, vol. 45, no. 10, pp. 33-45, 2024; Article no.IJTDH.124181 
 
 

 
40 

 

and sex. British Journal of Nutrition. 
2023;130(1):71-82. 
Available:https://doi.org/10.1017/S000711
4522003014 

6. Szwed A, Kim E, Jacinto E. Regulation 
and metabolic functions of mTORC1 and 
mTORC2. Physiol Rev. 2021 Jul 
1;101(3):1371-1426. 
Available:https://doi.org/10.1152/physrev.0
0026.2020. 

7. Siagian FE. Intestinal parasitic infection 
responsible for undernourishment and 
stunted growth in children of school going 
ageing. Asian Journal of Research in 
Infectious Diseases, 2023; 14(1):18-25. 
Available:https://doi.org/10.9734/AJRID/20
23/v14i1278 

8. Nainggolan S, Siagian FE. The prevalence 
of anemia in pregnant women in the 10 
priority villages for stunting control in 
Sumedang district, West Java: a 
community-based survey. International 
Journal of Community Medicine and Public 
Health, 2019;6(9):3760-7. 
Available:https://doi.org/10.18203/2394-
6040.ijcmph20193966 

9. Zilberter T, Paoli A. Editorial: Metabolic 
shifting: Nutrition, exercise, and Timing. 
Front Nutr. 2020 Dec 10;7:592863. 
Available:Https://Doi.Org/10.3389/Fnut.20
20.592863 

10. Schwartz L, Henry M, Alfarouk KO, 
Reshkin SJ, Radman M. Metabolic shifts 
as the hallmark of most common diseases: 
The Quest for the Underlying Unity. Int J 
Mol Sci. 2021 Apr 12;22(8):3972. 
Available:https://doi.org/10.3390/ijms2208
3972. 

11. de Moraes RCS, Sawaya AL, Vieira ACA, 
et al. Food addiction symptoms and 
metabolic changes in children and 
adolescents with the double burden of 
malnutrition. British Journal of Nutrition. 
2021;126(12):1911-1918. 
Available:https://doi.org/10.1017/S000711
4521000313 

12. Mutasa K, Tome J, Rukobo S, Govha M, 
Mushayanembwa P, Matimba FS, 
Chiorera CK, Majo FD, Tavengwa NV, 
Mutasa B, Chasekwa B, Humphrey JH, 
Ntozini R, Prendergast AJ, Bourke CD. 
Stunting status and exposure to infection 
and inflammation in early life shape 
antibacterial immune cell function among 
zimbabwean children. Front Immunol. 
2022 Jun 13;13:899296. 

Available:https://doi.org/10.3389/fimmu.20
22.899296 

13. Millward DJ. Nutrition, infection and 
stunting: the roles of deficiencies of 
individual nutrients and foods, and of 
inflammation, as determinants of reduced 
linear growth of children. Nutrition 
Research Reviews. 2017;30(1):50-72. 
Available:https://doi.org/10.1017/S095442
2416000238 

14. Gabain IL, Ramsteijn AS, Webster JP. 
Parasites and childhood stunting - A 
mechanistic interplay with nutrition, 
anemia, gut health, microbiota, and 
epigenetics. Trends Parasitol. 2023 
Mar;39(3):167-180. 
Available:https://doi.org/10.1016/j.pt.2022.
12.004 

15. Hrncir T. Gut microbiota dysbiosis: 
Triggers, Consequences, Diagnostic and 
Therapeutic Options. Microorganisms. 
2022 Mar 7;10(3):578. 
Available:https://doi.org/10.3390/microorg
anisms10030578 

16. Fakharian F, Thirugnanam S, Welsh DA, 
Kim W-K, Rappaport J, Bittinger K, Rout 
N. The role of gut dysbiosis in the loss of 
intestinal immune cell functions and viral 
pathogenesis. Microorganisms. 
2023;11(7):1849. 
Available:https://doi.org/10.3390/microorg
anisms11071849 

17. Lefebo BK, Kassa DH, Tarekegn BG. 
Factors associated with stunting: Gut 
inflammation and child and maternal-
related contributors among under-five 
children in Hawassa City, Sidama Region, 
Ethiopia. BMC Nutr 2023;9: 54. 
Available:https://doi.org/10.1186/s40795-
023-00701-4 

18. Zeng MY, Inohara N, Nuñez G. 
Mechanisms of inflammation-driven 
bacterial dysbiosis in the gut. Mucosal 
Immunol. 2017 Jan;10(1):18-26. 
Available:https://doi.org/10.1038/mi.2016.7
5. 

19. Camilleri M. Leaky gut: mechanisms, 
measurement and clinical implications in 
humans. Gut. 2019 Aug;68(8):1516-1526. 
Available:https://doi.org/10.1136/gutjnl-
2019-318427 

20. Patterson GT, Osorio EY, Peniche A, 
Dann SM, Cordova E, Preidis GA, Suh JH, 
Ito I, Saldarriaga OA, Loeffelholz M, Ajami 
NJ, Travi BL, Melby PC. Pathologic 
inflammation in malnutrition Is driven by 
proinflammatory intestinal microbiota, 



 
 
 
 

Suryowati; Int. J. Trop. Dis. Health, vol. 45, no. 10, pp. 33-45, 2024; Article no.IJTDH.124181 
 
 

 
41 

 

Large Intestine Barrier Dysfunction, and 
Translocation of Bacterial 
Lipopolysaccharide. Front Immunol. 2022 
May 26;13:846155. 
Available:https://doi.org/10.3389/fimmu.20
22.846155 

21. Sahiledengle B, Mwanri L, Petrucka P, 
Agho KE. Coexistence of anaemia and 
stunting among children aged 6-59 months 
in Ethiopia: Findings from the Nationally 
Representative Cross-Sectional Study. Int 
J Environ Res Public Health. 2023 Jun 
29;20(13):6251.  
Available:https://doi.org/10.3390/ijerph201
36251 

22. Dessie G, Li J, Nghiem S, Doan T. 
Prevalence and determinants of stunting-
anemia and wasting-anemia comorbidities 
and micronutrient deficiencies in children 
under 5 in the least-developed countries: 
A systematic review and meta-analysis, 
Nutrition Reviews, 2024; nuae063, 
Available:https://doi.org/10.1093/nutrit/nua
e063 

23. Nadhiroh SR, Micheala F, Tung SEH, 
Kustiawan TC. Association between 
maternal anemia and stunting in infants 
and children aged 0-60 months: A 
systematic literature review. Nutrition. 
2023 Nov;115:112094. 
Available:https://doi.org/10.1016/j.nut.2023
.112094 

24. Glendinning L, Nausch N, Free A, Taylor 
DW, Mutapi F. The microbiota and 
helminths: sharing the same niche in the 
human host. Parasitology. 
2014;141(10):1255-71.  
Available:https://doi.org/10.1017/S003118
2014000699 

25. Beyhan YE, Yıldız MR. Microbiota and 
parasite relationship. Diagn Microbiol 
Infect Dis. 2023 Aug;106(4):115954. 
Available:https://doi.org/10.1016/j.diagmicr
obio.2023.115954 

26. Ramírez-Carrillo E, Gaona O, Nieto J, 
Sánchez-Quinto A, Cerqueda-García D, 
Falcón LI, Rojas-Ramos OA, González-
Santoyo I. Disturbance in human gut 
microbiota networks by parasites and its 
implications in the incidence of 
depression. Sci Rep. 2020 Feb 
28;10(1):3680. 
Available:https://doi.org/10.1038/s41598-
020-60562-w 

27. Siagian FE. Intestinal microflora vs 
protozoan parasites: From interaction to 
competition. South Asian Journal of 

Research in Microbiology, 2022;13(1):36-
46. 
Available:https://doi.org/10.9734/SAJRM/2
022/v13i130290 

28. Hakizimana E, Kim JY, Oh S, Yoon M, 
Yong TS. Intestinal parasitic infections 
among children aged 12-59 months in 
Nyamasheke District, Rwanda. Parasites 
Hosts Dis. 2023 Aug;61(3):304-309. 
Available:https://doi.org/10.3347/PHD.230
45. 

29. Ramsteijn AS, Ndiaye M, Kalashikam RR. 
Epigenetic studies in children at risk of 
stunting and their parents in India, 
Indonesia and Senegal: a UKRI GCRF 
Action Against Stunting Hub protocol 
paper. BMJ Paediatrics Open, 
2024;8:e001770. 
Available:https://doi.org/10.1136/bmjpo-
2022-001770 

30. Loukas A, Maizels RM, Hotez PJ. The yin 
and yang of human soil-transmitted 
helminth infections. Int J Parasitol. 2021 
Dec;51(13-14):1243-1253. 
Available:https://doi.org/10.1016/j.ijpara.20
21.11.001.\ 

31. Al Amin ASM, Wadhwa R. Helminthiasis. 
[Updated 2023 Jul 17]. In: StatPearls. 
Treasure Island (FL): StatPearls 
Publishing; 2024 Jan-. 
Available:https://www.ncbi.nlm.nih.gov/boo
ks/NBK560525/ 

32. Hotez PJ, Brindley PJ, Bethony JM, King 
CH, Pearce EJ, Jacobson J. Helminth 
infections: the great neglected tropical 
diseases. J Clin Invest. 2008 
Apr;118(4):1311-21.  
Available:https://doi.org/10.1172/JCI34261 

33. Sunarti LS. Microbial Normal Flora: Its 
existence and their contribution to 
homeostasis. Journal of Advances in 
Microbiology,2022; 22(9):1-15. 
Available:https://doi.org/10.9734/JAMB/20
22/v22i930483 

34. Zhang F, Aschenbrenner D, Yoo JY, Zuo 
T. The gut mycobiome in health, disease, 
and clinical applications in association with 
the gut bacterial microbiome assembly. 
Lancet Microbe. 2022 Dec;3(12):e969-
e983. 
Available:https://doi.org/10.1016/S2666-
5247(22)00203-8 

35. Guzzo GL, Andrews JM, Weyrich LS. The 
Neglected Gut Microbiome: Fungi, 
Protozoa, and Bacteriophages in 
Inflammatory Bowel Disease. Inflamm 
Bowel Dis. 2022 Jul 1;28(7):1112-1122. 



 
 
 
 

Suryowati; Int. J. Trop. Dis. Health, vol. 45, no. 10, pp. 33-45, 2024; Article no.IJTDH.124181 
 
 

 
42 

 

Available:https://doi.org/10.1093/ibd/izab3
43 

36. Mafra D, Ribeiro M, Fonseca L, Regis B, 
Cardozo LFMF, Fragoso Dos Santos H, 
Emiliano de Jesus H, Schultz J, Shiels 
PG, Stenvinkel P, Rosado A. Archaea 
from the gut microbiota of humans: Could 
be linked to chronic diseases? Anaerobe. 
2022 Oct;77:102629. 
Available:https://doi.org/10.1016/j.anaerob
e.2022.102629 

37. Cao Z, Sugimura N, Burgermeister E, 
Ebert MP, Zuo T, Lan P. The gut virome: A 
new microbiome component in health and 
disease. EBioMedicine. 2022 
Jul;81:104113.  
Available:https://doi.org/10.1016/j.ebiom.2
022.104113 

38. Vemuri R, Shankar EM, Chieppa M, Eri R, 
Kavanagh K. Beyond Just Bacteria: 
Functional Biomes in the Gut Ecosystem 
Including Virome, Mycobiome, Archaeome 
and Helminths. Microorganisms. 2020; 
8(4):483. 
Available:https://doi.org/10.3390/microorg
anisms8040483 

39. Dupont HL, Jiang ZD, Dupont AW, Utay 
NS. The intestinal microbiome in human 
health and disease. Trans Am Clin 
Climatol Assoc. 2020;131:178-197. 

40. Krishnamurthy HK, Pereira M, Bosco J, 
George J, Jayaraman V, Krishna K, Wang 
T, Bei K, Rajasekaran JJ. Gut 
commensals and their metabolites in 
health and disease. Front Microbiol. 2023 
Nov 8;14:1244293. 
Available:https://doi.org/10.3389/fmicb.202
3.1244293 

41. Letourneau J, Holmes ZC, Dallow EP, 
Durand HK, Jiang S, Carrion VM, Gupta 
SK, Mincey AC, Muehlbauer MJ, Bain JR, 
David LA. Ecological memory of prior 
nutrient exposure in the human gut 
microbiome. ISME J. 2022 
Nov;16(11):2479-2490. 
Available:https://doi.org/10.1038/s41396-
022-01292-x 

42. Minagar A, Jabbour R, Jabbour H (eds).  
The human gut microbiota: A dynamic 
biologic factory. In: Advances in 
Biochemical Engineering/Biotechnology. 
Springer, Berlin, Heidelberg; 2023. 
Available:https://doi.org/10.1007/10_2023
_243 

43. Cani PD. Human gut microbiome: hopes, 
threats and promises Gut. 2018;67:1716-
1725. 

44. Fujisaka S, Watanabe Y, Tobe K. The gut 
microbiome: A core regulator of 
metabolism. Journal of Endocrinology. 
2023;256 (3):e220111. 
Available:https://doi.org/10.1530/JOE-22-
0111 

45. Jordan CKI, Clarke TB. How does the 
microbiota control systemic innate 
immunity? Trends Immunol. 2024 
Feb;45(2):94-102. 
Available:https://doi.org/10.1016/j.it.2023.1
2.002 

46. Li Y, Ye Z, Zhu J, Fang S, Meng L, Zhou 
C. Effects of gut microbiota on host 
adaptive immunity under immune 
homeostasis and tumor pathology state. 
Front Immunol. 2022 Mar 10;13:844335. 
Available:https://doi.org/10.3389/fimmu.20
22.844335 

47. Ning X, Lei Z, Rui B, Li Y, Li M. Gut 
microbiota promotes immune tolerance by 
regulating RORγt+ treg cells in food 
allergy, advanced gut & microbiome 
research, 2022, 8529578, 9 pages; 2022. 
Available:https://doi.org/10.1155/2022/852
9578 

48. Shahab M, Shahab N. Coevolution of the 
human host and gut microbiome: 
Metagenomics of Microbiota. Cureus. 
2022;14(6):e26310. 
Available:https://doi.org/10.7759/cureus.26
310 

49. Youngblut ND, Reischer GH, Walters W, 
Schuster N, Walzer C, Stalder G, et al. 
Host diet and evolutionary history explain 
different aspects of gut microbiome 
diversity among vertebrate clades. Nat 
Commun. 2019 May 16;10(1):2200. 
Available:https://doi.org/10.1038/s41467-
019-10191-3 

50. Llinás-Caballero K, Caraballo L. Helminths 
and bacterial microbiota: The interactions 
of two of humans’ “Old Friends”. 
International Journal of Molecular 
Sciences. 2022;23(21):13358. 
Available:https://doi.org/10.3390/ijms2321
13358 

51. Loke P, Harris NL. Networking between 
helminths, microbes, and mammals. Cell 
Host Microbe. 2023 Apr 12;31(4):464-471. 
Available:https://doi.org/10.1016/j.chom.20
23.02.008 

52. Walusimbi B, Lawson MAE, Jacent  N, 
Kateete DP, David P, Webb EL, et al. The 
effects of helminth infections on the 
human gut microbiome: a systematic 



 
 
 
 

Suryowati; Int. J. Trop. Dis. Health, vol. 45, no. 10, pp. 33-45, 2024; Article no.IJTDH.124181 
 
 

 
43 

 

review and meta-analysis. Frontiers in 
Microbiomes, 2023;2. 
Available:https://doi.org/10.3389/frmbi.202
3.1174034  

53. Maizels RM. Regulation of immunity and 
allergy by helminth parasites. Allergy. 
2020 Mar;75(3):524-534. 
Available:https://doi.org/10.1111/all.13944 

54. Brosschot TP, Reynolds LA. The impact of 
a helminth-modified microbiome on host 
immunity. Mucosal Immunol. 2018 
Jul;11(4):1039-1046. 
Available:https://doi.org/10.1038/s41385-
018-0008-5 

55. Smits HH, Everts B, Hartgers FC, 
Yazdanbakhsh M. Chronic helminth 
infections protect against allergic diseases 
by active regulatory processes. Curr 
Allergy Asthma Rep. 2010 Jan;10(1):3-12. 
Available:https://doi.org/10.1007/s11882-
009-0085-3 

56. Maizels RM, Smits HH, McSorley HJ. 
Modulation of host immunity by helminths: 
The expanding repertoire of parasite 
effector molecules. Immunity. 2018 Nov 
20;49(5):801-818.  
Available:https://doi.org/10.1016/j.immuni.
2018.10.016 

57. White MPJ, McManus CM, Maizels RM. 
Regulatory T-cells in helminth infection: 
induction, function and therapeutic 
potential. Immunology. 2020 
Jul;160(3):248-260.  
Available:https://doi.org/10.1111/imm.1319
0 

58. Figueiredo CA, Barreto ML, Rodrigues LC, 
Cooper PJ, Silva NB, Amorim LD, et al. 
Chronic intestinal helminth infections are 
associated with immune 
hyporesponsiveness and induction of a 
regulatory network. Infect Immun. 2010 
Jul;78(7):3160-7. 
Available:https://doi.org/10.1128/IAI.01228
-09 

59. Ince MN, Elliott DE, Setiawan T, Metwali 
A, Blum A, Chen HL, Urban JF, Flavell 
RA, Weinstock JV. Role of T cell TGF-beta 
signaling in intestinal cytokine responses 
and helminthic immune modulation. Eur J 
Immunol. 2009 Jul;39(7):1870-8. 
Available:https://doi.org/10.1002/eji.20083
8956 

60. Smith KA, Filbey KJ, Reynolds LA, 
Hewitson JP, Harcus Y, Boon L, 
Sparwasser T, Hämmerling G, Maizels 
RM. Low-level regulatory T-cell activity is 
essential for functional type-2 effector 

immunity to expel gastrointestinal 
helminths. Mucosal Immunol. 2016 
Mar;9(2):428-43. 
Available:https://doi.org/10.1038/mi.2015.7
3 

61. Nutman TB. Looking beyond the induction 
of Th2 responses to explain 
immunomodulation by helminths. Parasite 
Immunol. 2015 Jun;37(6):304-13. 
Available:https://doi.org/10.1111/pim.1219
4 

62. Santos JHA, Bührer-Sékula S, Melo GC, 
Cordeiro-Santos M, Pimentel JPD, 
Gomes-Silva A, et al. Ascaris lumbricoides 
coinfection reduces tissue damage by 
decreasing IL-6 levels without altering 
clinical evolution of pulmonary tuberculosis 
or Th1/Th2/Th17 cytokine profile. Rev. 
Soc. Bras. Med. Trop 2019;52:e20190315. 
Available:https://doi.org/10.1590/0037-
8682-0315-2019 

63. Myhill LJ, Williams AR. Diet-microbiota 
crosstalk and immunity to helminth 
infection. Parasite Immunology. 2023 
Apr;45(4):e12965. 
Available:https://doi.org/10.1111/pim.1296
5 

64. Loke P, Lim YA. Helminths and the 
microbiota: parts of the hygiene 
hypothesis. Parasite Immunol. 2015 
Jun;37(6):314-23. 
Available:https://doi.org/10.1111/pim.1219
3. 

65. Salloum PM, Jorge F, Dheilly NM, Poulin 
R. Eco-evolutionary implications of 
helminth microbiomes. Journal of 
Helminthology. 2023;97:e22. 
Available:https//doi.org/10.1017/S0022149
X23000056 

66. Rosa BA, Supali T, Gankpala L, Djuardi Y, 
Sartono E, Zhou Y, et al. Differential 
human gut microbiome assemblages 
during soil-transmitted helminth infections 
in Indonesia and Liberia. Microbiome, 
2018;6. 
Available:https://doi.org/10.1186/s40168-
018-0416-5 

67. Ling F, Steinel N, Weber J, Ma L, Smith C, 
Correa D, et al. The gut microbiota 
response to helminth infection depends on 
host sex and genotype. ISME J. 2020 
May;14(5):1141-1153. 
Available:https://doi.org/10.1038/s41396-
020-0589-3. 

68. Cattadori IM, Sebastian A, Hao H, Katani 
R, Albert I, Eilertson KE, et al. Impact of 
Helminth Infections and Nutritional 



 
 
 
 

Suryowati; Int. J. Trop. Dis. Health, vol. 45, no. 10, pp. 33-45, 2024; Article no.IJTDH.124181 
 
 

 
44 

 

Constraints on the Small Intestine 
Microbiota. PLoS One. 2016 Jul 
20;11(7):e0159770. 
Available:https://doi.org/10.1371/journal.po
ne.0159770 

69. Easton AV, Quiñones M, Vujkovic-                
Cvijin I, Oliveira RG, Kepha S, Odiere MR, 
et al. The impact of anthelmintic                
treatment on human gut microbiota based 
on cross-sectional and pre- and 
postdeworming comparisons in western 
Kenya. mBio. 2019 Apr 23;10(2):e00519-
19.  
Available:https://doi.org/10.1128/mBio.005
19-19 

70. Schmid, DW, Fackelmann G., 
Wasimuddin. A framework for testing the 
impact of co-infections on host gut 
microbiomes. anim microbiome, 2022; 
4:48. 
Available:https://doi.org/10.1186/s42523-
022-00198-5  

71. Nadler LE, Bengston E, Eliason EJ, 
Hassibi C, Helland-Riise SH, Johansen IB, 
et al. A brain-infecting parasite impacts 
host metabolism both during exposure and 
after infection is established. Functional 
Ecology, 2020;(00):1 -12. 
Available:https://doi.org/10.1111/1365-
2435.13695 

72. Thompson SN, Kavaliers M. Physiological 
bases for parasite-induced alterations of 
host behaviour. Parasitology. 
1994;109(S1):S119-S138. 
Available:https://doi.org/10.1017/S003118
2000085139 

73. King IL, Li Y. Host-parasite interactions 
promote disease tolerance to intestinal 
helminth infection. Front Immunol. 2018 
Sep 20;9:2128. 
Available:https://doi.org/10.3389/fimmu.20
18.02128 

74. Robar N, Murray DL, Burness G. Effects of 
parasites on host energy expenditure: the 
resting metabolic rate stalemate. 
Canadian Journal of Zoology. 
2011;89(11):1146-1155. 
Available:https://doi.org/10.1139/z11-084 

75. Moyat M, Coakley G, Harris NL. The 
interplay of type 2 immunity, helminth 
infection and the microbiota in regulating 
metabolism. Clin Transl Immunology. 2019 
Nov 7;8(11):e01089. 
Available:https://doi.org/10.1002/cti2.1089 

76. Sikder S, Pierce D, Sarkar ER, McHugh C, 
Quinlan KGR, Giacomin P, Loukas A. 
Regulation of host metabolic health by 

parasitic helminths. Trends Parasitol. 2024 
May;40(5):386-400. 
Available:https://doi.org/10.1016/j.pt.2024.
03.006 

77. Man K, Kallies A, Vasanthakumar A. 
Resident and migratory adipose immune 
cells control systemic metabolism and 
thermogenesis. Cell Mol Immunol, 
2022;19:421–431. 
Available:https://doi.org/10.1038/s41423-
021-00804-7 

78. Wu D, Yifu Qiu Y. Type 2 immune 
regulation of adipose tissue homeostasis. 
Current Opinion in Physiology, 
2019;12:20-5. 
Available:https://doi.org/10.1016/j.cophys.
2019.04.018 

79. Kokova D, Verhoeven A, Perina EA, 
Ivanov VV, Heijink M, Yazdanbakhsh M, 
Mayboroda OA. Metabolic homeostasis in 
chronic helminth infection is sustained by 
organ-specific metabolic rewiring. ACS 
Infect Dis. 2021 Apr 9;7(4):906-916. 
Available:https://doi.org/10.1021/acsinfecd
is.1c00026 

80. Luo X, Villablanca EJ. Type 2 immunity in 
intestinal homeostasis and inflammatory 
bowel disease. Biochem Soc Trans 1 
November 2021;49(5):2371–2380. 
Available:https://doi.org/10.1042/BST2021
0535 

81. Kabat AM, Pearce EL, Pearce EJ. 
Metabolism in type 2 immune responses. 
Immunity. 2023; 56(4):723-41. 
Available:https://doi.org/10.1016/j.immuni.
2023.03.007 

82. Fujisaka S, Usui I, Nawaz A, Takikawa A, 
Kado T, Igarashi Y, Tobe K. M2 
macrophages in metabolism. Diabetol Int. 
2016 Nov 1;7(4):342-351. 
Available:https://doi.org/10.1007/s13340-
016-0290-y 

83. Hosseini A, Germic N, Markov N, Stojkov 
D, Oberson K, Yousefi S, Simon HU. The 
regulatory role of eosinophils in adipose 
tissue depends on autophagy. Front 
Immunol. 2024 Jan 3;14:1331151. 
Available:https://doi.org/10.3389/fimmu.20
23.1331151. 

84. Misawa T, Wagner M, Koyasu S. ILC2s 
and Adipose Tissue Homeostasis: 
Progress to Date and the Road Ahead. 
Front Immunol. 2022 Jun 16;13:876029. 
Available:https://doi.org/10.3389/fimmu.20
22.876029 

85. Kominsky DJ, Campbell EL, Colgan SP. 
Metabolic shifts in immunity and 



 
 
 
 

Suryowati; Int. J. Trop. Dis. Health, vol. 45, no. 10, pp. 33-45, 2024; Article no.IJTDH.124181 
 
 

 
45 

 

inflammation. J Immunol. 2010;184 
(8):4062–4068. 
Available:https://doi.org/10.4049/jimmunol.
0903002 

86. Sun (孙李哲) L, Yang (杨晓峰) X, Yuan (袁

祖 贻 ) Z, Wang ( 王 虹 ) H. Metabolic 

reprogramming in immune response and 
tissue inflammation. Arterioscler Thromb 
Vasc Biol. 2020 Sep;40(9):1990-2001. 
Available:https://doi.org/10.1161/ATVBAH
A.120.314037. 

87. Assis PA, Allen RM, Schaller MA, Kunkel 
SL, Bermick JR. Metabolic reprogramming 
and dysregulated IL-17 production impairs 
CD4 T cell function post sepsis. iScience. 
2024; 27(7):110114. 
Available:https://doi.org/10.1016/j.isci.202
4.110114 

88. Pålsson-McDermott EM, O’Neill LAJ. 
Targeting immunometabolism as an anti-
inflammatory strategy. Cell Res, 
2020;30:300–314. 
Available:https://doi.org/10.1038/s41422-
020-0291-z 

89. Gazzinelli-Guimaraes PH and Nutman TB. 
Helminth parasites and immune 
regulation. F1000Research 2018, 7(F1000 
Faculty Rev):1685. 

Available:https://doi.org/10.12688/f1000re
search.15596.1 

90. Kokova D, Mayboroda OA. Twenty Years 
on: Metabolomics in helminth research. 
Trends Parasitol. 2019 Apr;35(4):             
282-288. 
Available:https://doi.org/10.1016/j.pt.2019.
01.012 

91. Wakelin D. Helminths: Pathogenesis and 
Defenses. In: Baron S, editor. Medical 
Microbiology. 4th edition. Galveston (TX): 
University of Texas Medical Branch at 
Galveston; 1996. Chapter 87. 
Available:https://www.ncbi.nlm.nih.gov/boo
ks/NBK8191/ 

92. Komuniecki R, Tielens A. Carbohydrate 
and energy metabolism in                    
helminths. Molecular Medical Parasitology; 
2002.  
Available:https://doi.org/10.1016/B978-
012473346-6/50017-X. 

93. Wangchuk, P, Yeshi K, Loukas A. 
Metabolomics and lipidomics studies of 
parasitic helminths: molecular diversity 
and identification levels achieved by using 
different characterisation tools. 
Metabolomics.  2023;19:63. 
Available:https://doi.org/10.1007/s11306-
023-02019-5 

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

_________________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/124181  

https://www.sdiarticle5.com/review-history/124181

