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Abstract 

Primary (acute and chronic) malnutrition is still prevalent in developing countries because of inadequate nutrition and 
poor sanitation caused by social, economic, and environmental factors. In addition, acute malnutrition can occur 
secondary to an underlying disease that interferes with the intake, digestion, absorption, or assimilation of different 
nutrients increases nutrient loss, and/or increases energy expenditure. Immune dysfunction and infection are tightly 
linked to and actively contribute to the metabolic and hormonal dysregulation as well as to the progression of 
malnutrition.  

An inadequate dietary intake of macro-and micronutrients is proposed to adversely affect local intestinal and systemic 
immunity, intestinal mucosal integrity, and the interaction between host defense and pathogens. Lowered immunity, 
mucosal damage, recurrent and prolonged infections, and gut inflammation negatively affect the malnourished child 
growth in weight and height as well as psycho-mental development in endemic areas. Both infection and inflammation 
aggressively contribute to malnutrition triggering a vicious cycle. Almost all infantile and childhood malnutrition in 
endemic settings (unlike anorexia nervosa) results from deficient diet, infection, inflammation, and intestinal 
dysfunction (most children in endemic areas have environmental enteric dysfunction (EED), often with high fecal 
inflammatory markers. We highlight gaps in our understanding of the current interaction among immune dysfunction, 
infection, and inflammation in malnourished children, and evaluate the possible responsibility of pro-inflammatory 
cytokines in the initiation and progression of severe malnutrition. Breach of the malicious cycle between malnutrition 
and infection/inflammation requires innovative interferences to recover the immune defense and enforce host defense 
against pathogens and reduce morbidity and mortality.  
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1. Introduction

Both acute and chronic forms of malnutrition occur due to inadequate energy and/or protein intake of different duration 
and severity. The prevalence of primary acute malnutrition is still high in developing countries because of inadequate 
nutrition and poor sanitation caused by social, economic, and environmental factors. In addition, acute malnutrition can 
occur secondary to an underlying disease that interfere with intake, digestion, absorption, or assimilation of different 
nutrients, increases nutrient loss and/or increases energy expenditure. Acute malnutrition produces are associated 
with many metabolic, immunological, hormonal, and psychological changes [1,2]. 
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Malnutrition increases vulnerability to infection and is commonly associated with recurring and variable infections 
(bacterial, viral and parasitic) and chronic inflammation, indicating an underlying defective immune response to 
pathogens. Immune-system defect. Malnutrition-associated shifts in intestinal microbiota and the occurrence of 
environmental enteropathy dysfunction correlate significantly with growth faltering, systemic and local immune 
dysfunction, and inflammation. Both infection and inflammation aggressively contribute to malnutrition which causes 
and perpetuates a vicious cycle [3]. 

Most of the malnourished children in endemic areas have environmental enteropathy dysfunction (EED), often with 
fecal inflammatory markers. The malnutrition-associated immune defect can be a trigger as well as a result of 
undernourishment and is proposed to be an important cause of recurrent and chronic infections and inflammation in 
these children. Studying the possible relation/s between inadequate intake of nutrients (macro-and micronutrients) 
and lowered systemic and local immunity, mucosal injury, invasiveness of different pathogens, and their relation to 
impaired growth in malnourished children is an essential step for proper management of severe nutritional disorders 
[4,5]. 

2. Methods 

Here, we update knowledge on the current relations/interactions between immune dysfunction, infection, and systemic 
and intestinal inflammation in children with malnutrition and we reviewed the role of pro-inflammatory cytokines in 
the pathogenesis and progression of severe malnutrition. [6,7] The authors extensively searched the literature on using 
Ovid, EMBASE, the Cochrane Database, PubMed, and Google scholar, including original articles, metanalysis, and review 
articles on the above-mentioned topics. 

Ethical clearance has been approved by the local Pediatric search committee of Hamad General Hospital. 

3. Discussion 

3.1. Starvation/malnutrition: auxologic evaluation, prevalence, and consequences 

Malnutrition can be categorized as acute versus chronic, and its severity can be classified into mild, moderate, and 
severe. Features of chronic malnutrition include: [8] poor weight gain, [9]mental apathy, [10] stunted growth, and [4] 
developmental delay.  

The two major forms of acute severe protein-energy malnutrition (SAM) are marasmus (more common) and 
kwashiorkor. However, some patients may have both (marasmic kwashiorkor). Marasmus is characterized by a weight-
for-height z score [WHZ] < −3 without edema. Kwashiorkor is distinguished by the presence of pitting pedal edema, 
independent of weight and length criteria. Patients with marasmic kwashiorkor have both edema and significant 
wasting. [8-11] 

There are 4 described partially distinct sub-types of undernutrition: wasting, stunting, underweight, and deficiencies in 
vitamins and minerals. [12-14] Despite having different definitions, wasting, and stunting, are closely related and often 
occur together because they share many of the causal factors. (Table 1) [12-18]  

Table 1 Potential causes of nutritional stunting may be caused by 

insufficient maternal nutrition,  

intrauterine undernutrition, 

lack of breastfeeding until 6 months of age,  

later introduction of complementary feeding,  

inadequate (quantity and quality) complementary feeding, and 

impaired absorption of nutrients owing to infectious diseases 

insufficient maternal nutrition,  
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The correlates of childhood stunting are both immediate and longer-term. (Table 2)  

Table 2 Short- and long-term correlates of childhood stunting 

  

3.2. The tight link between malnutrition and infection (a vicious cycle) 

Globally, malnutrition is believed to be the leading cause of immunodeficiency and until now many investigators aim at 
clarifying its pathogenesis. [4-6] epidemiologically, acute, and chronic malnutrition greatly increase vulnerability to 
many infectious diseases particularly in children in poor and developing countries. In children under 5 years, 
malnutrition is accountable for 54% of the 10.8 million deaths per year and responsible for every second death (53%) 
associated with infectious diseases in developing countries. [19]. A report from 10 cohorts in different developing 
countries, revealed that 52.5% of all deaths in young children were attributable to undernutrition, varying from 44.8% 
for deaths because of measles to 60.7% for deaths because of diarrhea. (20) In this malicious sequence infection results 
in undernutrition due to nutrient loss (diarrhea), reduced food intake (decreased appetite), and/or increased energy 
expenditure (fever, hypermetabolic status) [21, 22] On the other hand, undernutrition increases the vulnerability for 
infection by impairing gut barrier function, altering the intestinal microbiota, releasing inflammatory cytokines, and 
decreasing the uptake of key micro and macronutrients. [8, 22- 23] 

Epidemiologically, apart from protein and energy insufficiency, micronutrient deficiencies (e.g., iron, zinc, vitamin D, 
Vitamin A) may have profound adverse effects such as higher vulnerability to infection, diminished growth, and 
impaired intellectual functions, and increased mortality. [22-23] 

3.3. Malnutrition and Immune Function 

Primary malnutrition is a frequent cause of secondary immune insufficiency termed nutritionally acquired 
immunodeficiency syndrome. A fundamental link is strongly advocated both in human and animal experiments. [6.7,9] 
Not only lymphocyte functions are affected but also macrophages and granulocytes are adversely altered. [6,7] 

In newborn and small infants’ severe malnutrition produces atrophy of the thymus with diminished cell numbers and 
poor development of lymph nodes and spleen. This nutritional insult leads to long-lasting impairment of the immune 
characterized by leukopenia and lymphopenia (decreased CD4+ and CD8+ T cell numbers in whole-blood samples). Not 
only the number of lymphocytes is affected but also the CD4+ to CD8+ ratio decreases and there is the appearance of 
immature T cells in the periphery. These abnormalities greatly predispose to infection. [6, 7, 24] 

Malnourished children have decreased levels of cytokines (IL-12, IL-18, and IL-21) important for Th1 differentiation. 
They have decreased Th1 cytokines IFN-γ and IL-2 and increased expression of Th2 cytokines IL-4 and IL-10. These 
changes lead to a significant swing in the balance between the pro-inflammatory Th1 versus anti-inflammatory Th2 
cytokines and offer a possible clarification of how malnutrition prompts infection and inflammation. [25] 

Malnutrition has been reported to cause more severe viral infections and may decrease markedly the immune response 
to vaccines. Malnourished mice on a low-protein diet required an extremely lower viral load for having 50% lethality 
by Sendai virus pneumonia compared to normally fed controls. [26] In addition, undernourished mice suffer 
significantly higher severity when infected with Dengue virus and those infected with Mycobacterium tuberculosis had 

Lower fat oxidation 

Lower energy expenditure  

Increased risk of infections and non-communicable diseases  

A risk for insulin resistance, and glycemic and metabolic abnormalities  

Increased susceptibility to accumulate fat mostly in the central region of the body  

Increased morbidity and mortality 

Stunted children who experienced rapid weight gain after 2 years have an increased risk of becoming overweight or 
obese later in life.  

Poor child development and learning capacity and low work capacity  

Unfavourable maternal reproductive outcomes in adulthood  
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2–3 logs more bacilli in their lungs compared to mice receiving a full protein diet. [27, 28] In support of this view, protein 
supplementation to mice infected with influenza virus resulted in fast viral clearance and significantly reduced 
mortality. [29]  

In malnourished children, lung infections (pneumonia), gastrointestinal infections (diarrhea), viral infections (e.g., 
measles), and malaria occur more frequently and have a lingering course. [21] In low-income countries, pneumonia, 
commonly associated with malnutrition, is considered the major cause of morbidity and death among young children. 
[30,31] Unfortunately, during severe malnutrition, the reduced inflammatory response to pathogens modifies or 
silences the clinical presentation of the disease that can markedly delay the diagnosis and management. [32] In addition, 
malnourished children have distinct varieties and frequency of infective pathogens that differ from those reported in 
normal children living in the same location. [33] 

3.4. Effect of malnutrition on lymphocytes: The serine/threonine kinase mammalian/mechanistic target of 
rapamycin system (mTOR) 

The mammalian target of rapamycin (mTOR) is an evolutionarily conserved serine/threonine kinase that can 
simultaneously integrate multiple signaling inputs, including nutrients, amino acids, glucose, fat, and growth factors 
(e.g., IGF-1), and cytokines to regulate cell metabolism, proliferation, and growth. mTOR has a vital role in regulating 
many fundamental cell processes, from protein synthesis to autophagy, and disturbed mTOR signaling is deranged 
during nutritional disorders. [34] In addition, mTOR represents an energetic link between immune function and 
metabolism. It regulates many lymphocytic functions including T cell activation, CD8+ memory cell formation and 
function, and helper T lineage differentiation. In addition, mTOR has important functions in the hormonal and central 
control of immunity and inflammation during malnutrition which will be discussed below. Amino acid and glucose 
deficiency during starvation and malnutrition suppress the mTOR immune and metabolic mediated functions. [35] 

3.5. Inflammation, pro-inflammatory markers, immunity, muscle wasting in malnutrition, and response to 
vaccination 

Malnutrition swings the balance between pro-inflammatory Th1 versus anti-inflammatory Th2 cytokines. This leads to 
higher production of pro-inflammatory (Th1) versus anti-inflammatory Th2 cytokines. Consequently, this imbalance 
increases inflammatory responses and encourages inflammation, and may contribute to edema formation. [36]  

Signals of cellular stress (as occurs during nutritional deprivation) markedly influence the immune system components 
and their functions. The integrated stress response (ISR) is a coordinated cellular program that permits cells to respond 
to such microenvironmental stressors. In the case of low amino acid levels, (as occurs in kwashiorkor) the ISR is 
stimulated by a kinase known as general control nonderepressible 2 (GCN2). The GCN2 is a metabolic sensor that 
identifies the lack of any amino acids and forms the evolutionarily conserved amino acid starvation response (AAR) 
pathway. [37]. the amino acid sensor GCN2 can control inflammation through posttranscriptional processes, and 
autophagy. For example, during Shigella infection, the bacteria invade and damage the host cell membrane which leads 
to a local lack of amino acids that stimulates the GCN2 kinase-mediated activation of the ISR pathway, and 
simultaneously reduces mTOR activity. [38] 

Proinflammatory cytokines mainly exert their effects by increasing the expression of calpains and E3 ligases as well as 
of Nf-κB, required for protein breakdown and local inflammation. They act locally to suppress the anabolic effects of 
IGF-1 and insulin. They stimulate FoxO activation and inhibit Akt activity (the central link of carbohydrate, lipid, and 
protein metabolism). [39] 

In muscles, the pro-inflammatory cytokines are essential to keep the equilibrium between anabolism and catabolism. 
This keeps normal myogenesis. During malnutrition, enhanced expression of these cytokines can induce the breakdown 
of skeletal muscle. [40] In marasmic children and those with marasmic kwashiorkor, high inflammatory interleukin 
levels and low/disturbed amino acid levels/ratio (essential versus non-essential) are associated with varying degrees 
of muscle wasting. In animals, acute treatment with IL-6 can augment muscle proteolysis. [41]. In the human 
experiments, IL-6 profoundly modifies amino acid yield and causes a significant reduction in plasma amino acid levels 
with a consequent decrease in muscle protein turnover and a mild increase in muscle degradation. Moreover, In vivo 
perfusion studies in human showed that increased TNF-α (as occurs during infection/inflammation) accelerates protein 
breakdown and directly increase net muscle protein loss. These actions actively contribute to the general protein loss 
during severe malnutrition that may progress to cachexia. [41]  
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Dendritic cells (DC), a key member of the innate immune system, are accountable for the innate identification of 
pathogens through their recognition receptors. In severely malnourished infants with endotoxemia (infection) the 
extracted DC were defective and can partially explain their immune anergy status. [42] 

Failure and attenuated response to vaccination has been observed in malnourished children compared to normal 
children. This is exemplified by the significantly lower seroprevalence rates of poliomyelitis and measles in these 
children. In one study, the seroprevalence rates of the polio 1, polio 2, polio 3 antibodies and the measles antibodies in 
malnourished children (40.5%, 59.5%, 40.5% and 35.1%) compared to the control group (94.1%, 97.1%, 91.2% and 
82.4% respectively. [39] Another example is the demonstration of reduced effectiveness of following human rotavirus 
(HRV) vaccination due to impaired B cell response both mucosal and systemic) in children with a deficient diet. [43] 

3.6. The long-term effect of malnutrition and associated enteric infections on child growth and development 

Malnourished children suffer from a higher frequency, increased severity, and longer course of diarrheal infections. 
Studying the growth of children in Guatemala and Brazil who had repeated diarrhea showed that their growth slipped 
progressively away from their potential height. The collective effect of their diarrheal illnesses led to progressive 
stunting and markedly attenuated normal growth and development. [44] 

It must be noticed that growth attenuation has been documented in many children with asymptomatic enteric infections 
(without diarrhea). Anthropometric data analyses following a diarrheal illness in Brazil discovered that recurrent 
diarrhea reduced weight and height gains by 48% and 21%, respectively, when compared with children who did not 
have recurrent diarrhea. During nutritional rehabilitation, malnourished children who did not experience heavy 
diarrhea had significant catch-up in weight but those with significant diarrheal burden failed to catch up. [44,45] Other 
investigators proposed that diarrheal illnesses, including intestinal helminthic infestation, in the first 1–2 years of life 
may be responsible for an ∼8.2 cm deficit in the final adult height in these children. [46] 

3.7. Effect of malnutrition on pathogens and their virulence 

The frequency and severity of gastrointestinal infections appear to be significantly higher in malnourished children. 
Both increased incidence and prolonged course of diarrheal illnesses have been documented. [47] A retrospective 
analysis realized that infection with typical enteropathogenic E Coli (EPEC) and enterotoxigenic E Coli producing heat-
stable toxin (ST-ETEC) produced more severe diarrhea among children with acute malnutrition compared to children 
with better nutritional status. (47) Mortality rate, as another parameter of severity, was significantly higher in children 
with acute malnutrition following an episode of moderate-to-severe diarrhea and they represented the majority of 
deaths. [48]  

The studies on children in Africa and Asia identified pathogens in 83% of children with diarrhea and 72% of controls. 
These findings draw attention to the frequency of entero-pathogen carriage in these areas with a high prevalence of 
undernutrition. [49] These asymptomatic enteric infections can negatively affect linear growth and weight gain. [50] In 
addition, decreased dietary protein intake impairs intestinal cell turnover, an important host protection factor against 
certain pathogens like Cryptosporidium as suggested by Liu J, et al. [51] 

On the other hand, micronutrient deficiencies, common in malnourished children, can modify the response to diarrheal 
infections. Zinc deficiency has been shown to prolong Campylobacter shedding, bloody diarrhea, and increase weight 
loss, and.iron deficiency anemia has been shown to decrease the humoral, nonspecific immunity (phagocytic activity 
and oxidative burst), and the IL-6 levels. Vitamin D deficiency is reported to increase the susceptibility and severity of 
acute infections and with unfavorable outcomes. [52, 53]  

The link between malnutrition and viral virulence was studied in mice. Nutritionally deficient mice infected with viral 
quasispecies (mainly avirulent and a few virulent viruses mix) developed severe pathology which did not occur in well-
nourished mice. [54] 

3.8. Gut microbiota, inflammation due to environmental enteric dysfunction (EED), and gut barrier factors 
during malnutrition 

Diet and microbiota greatly influence postnatal growth, maturation, and development. There is a bidirectional link 
between the microbiota and gut mucosa. Microbiota can induce mucosal inflammation and in the other direction, the 
mucosal inflammatory environment can modify and alters the microbiota. Diet is a markedly impacts the structure of 
the gut microbiota. Microbiota is a sensor of dietary changes, and signals from microbiota are essential for competent 
mucosal immune development as well as for digestion. 
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It has been reported that SAM is associated with significant relative microbiota immaturity. Nutritional intervention can 
ameliorate the composition and function of gut microbiota. [55]  

Immaturity of microbiota in less severe forms of malnutrition has been correlated with both impaired growth as well 
as with defective immune function. [56] In Malawi and Bangladesh investigators found a relation between severe 
stunting and lower diversity of gut microbiota. They reported that the relative abundance of Acidaminococcus was 
correlated with decreased linear growth. [57] 

These facts raise the possibility of using dietary manipulation of microbial diversity, composition, and stability for 
therapeutic purposes. [58] The microbiota has an important role in digestion by directly breaking down nutrients that 
the human gut cannot digest. [59] Innovative gut microbiota-targeted strategies using plant-based and low-protein 
diets, prebiotic, probiotic, and synbiotic supplementation represent potential conservative therapies for malnourished 
children. [60, 61] 

Exclusive infant Breastfeeding infants has been shown to be protective against diarrhea. Lactobacillus bacteria and 
other Probiotic bacteria in breast milk have a favorable effect on the formation of the infant's intestinal microbiome. On 
the other children receiving antibiotics, through changing the gut microbiota, in the first 6 months of life had a 33% 
increased risk of diarrhea through the following 3 years. [62-65] 

3.9. Intestinal barrier function, intestinal dysbiosis, and environmental enteropathy (EED): (figure 1) 

Environmental enteric dysfunction (EED) represents a subclinical enteropathy characterized by mucosal inflammation 
and villus blunting mediated by T cell activation. [66] Children living in low-income countries (LICs) and poor 
environmental conditions have a high risk to develop EED. Poor hygiene increases exposure to intestinal pathogens and 
leads to an imbalance of the microorganisms within the intestine (intestinal dysbiosis). Consequently, intestinal 
inflammation and disruption of intestinal barrier function occur. Attenuation of the barrier function permits the passage 
of bacteria and their toxic products from the intestine to mesenteric lymph nodes and systemic circulation. Bacteria and 
their products activate innate immune cells in the mesenteric lymph nodes, liver, and systemic circulation. Immune 
activation generates proinflammatory cytokines and can explain their high in undernourished children, even without 
clinical evidence of acute infection. [64] 

 

Figure 1 Overview of actions of pro-inflammatory cytokines on the hypothalamic -pituitary axes, and end organs in 
malnutrition 

Environmental enteric dysfunction-associated inflammation deteriorates the nutritional status and immune function of 
the child through decreasing nutrient absorption, increasing intestinal permeability and systemic translocation of 
immune-stimulatory PAMPs molecules, such as lipopolysaccharide. Chronic systematic exposure to lipopolysaccharide 
significantly alters innate cytokine production and impairs T-cell proliferation. The increased systemic and intestinal 
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inflammation associated with EED and diarrhea impair immune defense and growth and is associated with increased 
morbidity and mortality. [65.66]  

Unfortunately, chronic immune stimulation may result in immune paralysis (persistence of a marked compensatory 
anti-inflammatory innate immune response) that predisposes to recurrent invasive infections. In Children living in LIC, 
EED-driven immune paralysis increases their vulnerability to both acute and chronic infections as well as stunting 
during childhood. [9, 66-68] (Table 3). 

Table 3 Possible mechanisms that lead to growth failure in infants with EED 

 Intestinal leakiness and heightened permeability. 

 Gut inflammation. 

 Shifts in the small intestinal microbiota 

 Dysbiosis and bacterial translocation. 

 Systemic inflammation. 

 Nutrient malabsorption 

 

Since EED has multiple causal pathways, approaches to manage it need to be multifaceted. Possible variable 
interventions to tackle EED are summarized in Table 4: 

Table 4 Potential interventions to tackle EED include 

1. Reduction of exposure to feces and contact with animals through programs such as improved water, sanitation, 
and hygiene 

2. Breastfeeding and enhanced dietary diversity 

3. Probiotics and prebiotics 

4. Nutrient supplements, including zinc, polyunsaturated fatty acids, and amino acids 

5. Anti-inflammatory agents such as 5-aminosalicyclic acid 

3.10. The risk of diarrhea in relation to the degree of malnutrition 

Malnourished children seem to be at higher risk to develop diarrhea and having a prolonged and /or severe course. 
Analyses of several cohorts of children during their first two years revealed that children who had >or=5 diarrhoeal 
episodes before 24 months had a high risk to be stunted (25%). (69). Many studies confirmed the correlation between 
having frequent episodes of diarrhea and prolonged impairment of linear growth, [69]. 

Table 5 What is known and what is new about the link between malnutrition, immunity, and inflammation 

What is known: 

• There is a tight link between malnutrition on the one hand and infection and inflammation on the other 
hand 
• Providing high qualitative and adequately quantitative nutrition, proper and prompt treatment of infection 
can interrupt the vicious link between infection-inflammation and malnutrition 

What is new: 

• The presence of environmental enteric dysfunction (EED) deteriorates the nutritional status through 
inducing local intestinal and systemic inflammatory reactions 

• Even asymptomatic infection can adversely affect growth and nutritional status of undernourished children 

• Malnutrition is associated with abnormal pattern of intestinal microbiota that share in the pathogenesis of 
enteropathy 



World Journal of Advanced Research and Reviews, 2022, 15(01), 157–167 

164 

• Possible therapeutic modification of the gut flora can enhance local and systemic immunity 

4. Conclusion 

Malnutrition increases vulnerability to infection and inflammation through variable pathological mechanisms involving 
local and systemic immunity. Molecular and clinical studies showed that improving the environmental condition, 
providing high qualitative and adequately quantitative nutrition, proper and prompt treatment of infection, and 
possible therapeutic modification of the gut flora can enhance local and systemic immunity and interrupt the vicious 
circle of infection-inflammation –malnutrition. (table 5)  

Compliance with ethical standards 

Acknowledgments 

This review it would not have been possible without the support of our expert dietitians Ms. Maya Itani and Ms Mona 
Shaat.  

Contributions 

Ashraf Soliman: Substantial contributions to the conception of the work; extensive searching of the literature and 
drafting the review; and approved the manuscript for publication. 

Nada Alaaraj: Shared actively in searching the literature and writing up the review; constructing the tables and drawing 
the figures; and approved the manuscript for publication. 

Alan D Rogol: Contributed to the conception of the work and critically revised the manuscript for accuracy and integrity 
and approved the manuscript for publication. 

Disclosure of conflict of interest 

There was no conflict of interest among authors.  

References 

[1] Katoch OR. Determinants of malnutrition among children: A systematic review. Nutrition. 2022,96:111565. doi: 
10.1016/j.nut.2021.111565. Epub 2021 Dec 11. PMID: 35066367. 

[2] Dipasquale V, Cucinotta U, Romano C. Acute Malnutrition in Children: Pathophysiology, Clinical Effects and 
Treatment. Nutrients. 2020; 12(8): 2413.  

[3] Guerrant RL, Oriá RB, Moore SR, et al . Malnutrition as an enteric infectious disease with long-term effects on 
child development. Nutr Rev. 2008; 66(9): 487-505.  

[4] Ibrahim MK, Zambruni M, Melby CL, et al. Impact of Childhood Malnutrition on Host Defense and Infection. Clin 
Microbiol Rev. 2017; 30(4): 919-971.  

[5] Peter Katona, Judit Katona-Apte, The Interaction between Nutrition and Infection, Clinical Infectious Diseases, 
Volume 46, Issue 10, 15 May 2008, Pages 1582–1588.  

[6] Bourke CD, Berkley JA, Prendergast AJ. Immune Dysfunction as a Cause and Consequence of Malnutrition. Trends 
Immunol. 2016; 37(6): 386-398. doi: 10.1016/j.it.2016.04.003  

[7] Bourke CD, Jones KDJ, Prendergast AJ. Current Understanding of Innate Immune Cell Dysfunction in Childhood 
Undernutrition. Front Immunol. 2019; 10: 1728. Published 2019 Jul 29. doi: 10.3389/fimmu.2019.01728  

[8] Bhutta ZA, Berkley JA, Bandsma RHJ, et al A. Severe childhood malnutrition. Nat Rev Dis Primers. 2017 Sep 21; 3: 
17067. doi: 10.1038/nrdp.2017.67. 

[9] Bourke CD, Berkley JA, Prendergast AJ. Immune Dysfunction as a Cause and Consequence of Malnutrition. Trends 
Immunol. 2016 Jun; 37(6): 386-398.  

[10] Peter Katona, Judit Katona-Apte, The Interaction between Nutrition and Infection, Clinical Infectious Diseases, 
Volume 46, Issue 10, 15 May 2008, Pages 1582–1588,  



World Journal of Advanced Research and Reviews, 2022, 15(01), 157–167 

165 

[11] Müller O, Krawinkel M. Malnutrition and health in developing countries. CMAJ. 2005; 173(3): 279-286. 

[12] de Onis M, Branca F. Childhood stunting: a global perspective. Matern Child Nutr. 2016; 12 Suppl 1(Suppl 1): 12-
26. doi: 10.1111/mcn.12231 

[13] Neufeld LM, Beal T, Larson LM, Cattaneo FD. Global Landscape of Malnutrition in Infants and Young Children. 
Nestle Nutr Inst Workshop Ser. 2020;93:1-14. doi: 10.1159/000503315. Epub 2020 Jan 28. PMID: 
31991423.Myatt M, Khara T, Schoenbuchner S, Pietzsch S, et al. Children who are both wasted and stunted are 
also underweight and have a high risk of death: a descriptive epidemiology of multiple anthropometric deficits 
using data from 51 countries. Arch Public Health. 2018, 16; 76: 28. 

[14] Myatt M, Khara T, Schoenbuchner S, Pietzsch S, et al. Children who are both wasted and stunted are also 
underweight and have a high risk of death: a descriptive epidemiology of multiple anthropometric deficits using 
data from 51 countries. Arch Public Health. 2018 Jul 16; 76: 28. 

[15] United Nations Children’s Fund (UNICEF), W.H.O., International Bank for Reconstruction and Development/The 
World Bank. Levels and trends in child malnutrition: Key Findings of the 2020 Edition of the Joint Child 
Malnutrition Estimates. Geneva: World Health Organization; 2020. Licence: CC BY-NC-SA 3.0 IGO. 2020; https: 
//www.who.int/publications-detail-redirect/jme-2020-edition.  

[16] Aguayo VM, Aneja S, Badgaiyan N, Singh K. Mid upper-arm circumference is an effective tool to identify infants 
and young children with severe acute malnutrition in India. Public Health Nutr. 2015 Dec; 18(17): 3244-8 

[17] Gonete AT, Kassahun B, Mekonnen EG, et al. Stunting at birth and associated factors among newborns delivered 
at the University of Gondar Comprehensive Specialized Referral Hospital. PLoS One. 2021; 16(1): e0245528. 
Published 2021 Jan 20.  

[18] Solomons NW, Vossenaar M, Chomat AM, et al., Stunting at birth: recognition of early-life linear growth failure in 
the western highlands of Guatemala. Public health nutrition, 2015. 18(10): p. 1737–1745.  

[19] Pelletier DL, Frongillo EA Jr, Schroeder DG, et al. The effects of malnutrition on child mortality in developing 
countries. Bull World Health Organ. 1995; 73(4): 443-8. PMID: 7554015; PMCID: PMC2486780. 

[20] Caulfield LE, de Onis M, Blössner M, Black RE. Undernutrition as an underlying cause of child deaths associated 
with diarrhea, pneumonia, malaria, and measles. Am J Clin Nutr. 2004 Jul; 80(1): 193-8. doi: 
10.1093/ajcn/80.1.193. 

[21] Rodríguez L, Cervantes E, Ortiz R. Malnutrition and gastrointestinal and respiratory infections in children: a 
public health problem. Int J Environ Res Public Health. 2011; 8(4): 1174-1205. 

[22] Gwela A, Mupere E, Berkley JA, Lancioni C. Undernutrition, Host Immunity and Vulnerability to Infection Among 
Young Children. Pediatr Infect Dis J. 2019 Aug; 38(8): e175-e177. doi: 10.1097/INF.0000000000002363.  

[23] Katona P, Katona-Apte J. The interaction between nutrition and infection. Clin Infect Dis. 2008 May 15; 46(10): 
1582-8. doi: 10.1086/587658. 

[24] Rodgers E. Nutritionally acquired immune deficiency syndromes (NAIDS): common but often not diagnosed 
early. Pac Health Dialog. 2011 Mar; 17(1): 149-53. PMID: 23008979. 

[25] Baluku JB, Musaazi J, Mulwana R, Mugabo AR, et al . Prevalence and Predictors of CD4+ T-Lymphocytopenia 
Among HIV-Negative Tuberculosis Patients in Uganda. Res Rep Trop Med. 2020; 11: 45-51. Published 2020 Jun 
25. doi: 10.2147/RRTM.S252550 

[26] Pena-Cruz V, Reiss CS, McIntosh K. Sendai virus infection of mice with protein malnutrition. J Virol. 1989 Aug; 
63(8): 3541-4. doi: 10.1128/JVI.63.8.3541-3544.1989. PMID: 2545924; PMCID: PMC250935. 

[27] Chuong C, Bates TA, Akter S, et al. Nutritional status impacts dengue virus infection in mice. BMC Biol. 2020 Aug 
27; 18(1): 106. doi: 10.1186/s12915-020-00828-x. PMID: 32854687; PMCID: PMC7453574 

[28] Chan J, Tian Y, Tanaka KE, et al. Effects of protein calorie malnutrition on tuberculosis in mice. Proc Natl Acad Sci 
U S A. 1996; 93(25): 14857-14861. doi: 10.1073/pnas.93.25.14857 

[29] Taylor AK, Cao W, Vora KP, et al. Protein energy malnutrition decreases immunity and increases susceptibility to 
influenza infection in mice. J Infect Dis (2013) 207: 501–1010.1093/infdis/jis527 

[30] Marangu D, Zar HJ. Childhood pneumonia in low-and-middle-income countries: An update. Paediatr Respir Rev. 
2019; 32: 3-9. doi: 10.1016/j.prrv.2019.06.001  

https://www.who.int/publications-detail-redirect/jme-2020-edition
https://www.who.int/publications-detail-redirect/jme-2020-edition


World Journal of Advanced Research and Reviews, 2022, 15(01), 157–167 

166 

[31] Walker CLF, Rudan I, Liu L, et al. Global burden of childhood pneumonia and diarrhoea. The Lancet. 2013; 
381(9875): 1405–16. 

[32] Rytter MJ, Kolte L, Briend A, et al. The immune system in children with malnutrition--a systematic review. PLoS 
One. 2014; 9(8): e105017.  

[33] Chowdhury F, Shahid ASMSB, Ghosh PK, et al. Viral etiology of pneumonia among severely malnourished under-
five children in an urban hospital, Bangladesh. PLoS One. 2020; 15(2): e0228329. Published 2020 Feb 4. doi: 
10.1371/journal.pone.0228329 

[34] Saxton RA, Sabatini DM. mTOR Signaling in Growth, Metabolism, and Disease Cell. 2017, 6; 169(2): 361-371]. Cell. 
2017; 168(6): 960-976.  

[35] Castellano F, Molinier-Frenkel V. Control of T-Cell Activation and Signaling by Amino-Acid Catabolizing Enzymes. 
Front Cell Dev Biol. 2020 Dec 17; 8: 613416. doi: 10.3389/fcell.2020.613416.   

[36] Cohen S, Danzaki K, MacIver NJ. Nutritional effects on T-cell immunometabolism. Eur J Immunol. 2017; 47(2): 
225-235. doi: 10.1002/eji.201646423 

[37] Ravindran R, Loebbermann J, Nakaya HI, et al. The amino acid sensor GCN2 controls gut inflammation by 
inhibiting inflammasome activation. Nature. 2016, 24; 531(7595): 523-527 

[38] Tattoli I, Sorbara MT, Vuckovic D,et al. Amino acid starvation induced by invasive bacterial pathogens triggers an 
innate host defense program. Cell Host Microbe (2012) 11: 563–75. doi: 10.1016/j.chom.2012.04.012 

[39] Caidi H, Bennis IF, Mouan N, et al. Evaluation of the response to vaccination against poliomyelitis and measles in 
malnourished children in Morocco]. East Mediterr Health J. 2004 Jul-Sep; 10(4-5): 474-81. French. PMID: 
16335637 

[40] Bach E, Nielsen RR, Vendelbo MH, et al. Direct effects of TNF-α on local fuel metabolism and cytokine levels in the 
placebo-controlled, bilaterally infused human leg: increased insulin sensitivity, increased net protein breakdown, 
and increased IL-6 release. Diabetes. 2013; 62(12): 4023-4029. doi: 10.2337/db13-0138 

[41] Sharma B, Dabur R. Role of Pro-inflammatory Cytokines in Regulation of Skeletal Muscle Metabolism: A 
Systematic Review. Curr Med Chem. 2020; 27(13): 2161-2188. doi: 10.2174/0929867326666181129095309.  

[42] Michael H, Langel SN, Miyazaki A, et al. Malnutrition Decreases Antibody Secreting Cell Numbers Induced by an 
Oral Attenuated Human Rotavirus Vaccine in a Human Infant Fecal Microbiota Transplanted Gnotobiotic Pig 
Model. Front Immunol. 2020 Feb 14; 11: 196. 

[43] Hughes SM, Amadi B, Mwiya M,et al. Dendritic cell anergy results from endotoxemia in severe malnutrition. J 
Immunol. 2009 Aug 15; 183(4): 2818-26. 

[44] Owino V, Ahmed T, Freemark M, et al. Environmental Enteric Dysfunction and Growth Failure/Stunting in Global 
Child Health. Pediatrics. 2016 Dec; 138(6): e20160641. doi: 10.1542/peds.2016-0641. Epub 2016 Nov 4. PMID: 
27940670. 

[45] DeBoer MD, Lima AA, Oría RB, et al. Early childhood growth failure and the developmental origins of adult 
disease: do enteric infections and malnutrition increase risk for the metabolic syndrome?. Nutr Rev. 2012; 
70(11): 642-653. doi: 10.1111/j.1753-4887.2012.00543.x 

[46] Moore SR, Lima AA, Conaway MR, et al. Early childhood diarrhoea and helminthiases associated with long-term 
linear growth faltering. Int J Epidemiol. 2001; 30: 1457–1464. [PubMed: 11821364] 

[47] Tickell KD, Sharmin R, Deichsel EL, et al. The effect of acute malnutrition on enteric pathogens, moderate-to-
severe diarrhoea, and associated mortality in the Global Enteric Multicenter Study cohort: a post-hoc analysis. 
Lancet Glob Health. 2020; 8(2): e215-e224. doi: 10.1016/S2214-109X(19)30498-X 

[48] Mokomane M, Kasvosve I, de Melo E, et al. The global problem of childhood diarrhoeal diseases: emerging 
strategies in prevention and management. Ther Adv Infect Dis. 2018; 5(1): 29-43. doi: 
10.1177/2049936117744429 

[49] Platts-Mills JA, Babji S, Bodhidatta L, et al. Pathogen-specific burdens of community diarrhoea in developing 
countries: a multisite birth cohort study (MAL-ED). Lancet Glob Health 2015; 3: e564–e575. 

[50] Steiner TS, Lima AA, Nataro JP, et al . Enteroaggregative Escherichia coli produce intestinal inflammation and 
growth impairment and cause interleukin-8 release from intestinal epithelial cells. J Infect Dis. 1998; 177: 88–
96. 



World Journal of Advanced Research and Reviews, 2022, 15(01), 157–167 

167 

[51] Liu J, Bolick DT, Kolling GL, et al. Protein Malnutrition Impairs Intestinal Epithelial Cell Turnover, a Potential 
Mechanism of Increased Cryptosporidiosis in a Murine Model. Infect Immun. 2016 Nov 18; 84(12): 3542-3549. 

[52] Hassan TH, Badr MA, Karam NA, et al. Impact of iron deficiency anemia on the function of the immune system in 
children. Medicine (Baltimore). 2016; 95(47): e5395. doi: 10.1097/MD.0000000000005395 

[53] Yin K, Agrawal DK. Vitamin D, and inflammatory diseases. JInflamm Res. 2014: 69–87. 

[54] Rubio MP, López-Bueno A, Almendral JM. Virulent variants emerging in mice infected with the apathogenic 
prototype strain of the parvovirus minute virus of mice exhibit a capsid with low avidity for a primary receptor. 
J Virol. 2005 Sep; 79(17): 11280-90. 

[55] Leake I. Gut microbiota: stunted gut microbiota development persists after therapeutic food interventions in 
children with severe acute malnutrition. Nat Rev Gastroenterol Hepatol. 2014 Jul; 11(7): 393.  

[56] Gough EK, Stephens DA, Moodie EE, et al. Linear growth faltering in infants is associated with Acidaminococcus 
sp. and community-level changes in the gut microbiota. Microbiome 2015, 3: 24.  

[57] Bianco AM, Girardelli M, Tommasini A. Genetics of inflammatory bowel disease from multifactorial to monogenic 
forms. World J Gastroenterol. 2015; 21(43): 12296-12310. doi: 10.3748/wjg. v21.i43.12296 

[58] Zarrinpar A, Chaix A, Yooseph S, et al . Diet and feeding pattern affect the diurnal dynamics of the gut microbiome. 
Cell Metab. 2014; 20(6): 1006-1017. doi: 10.1016/j.cmet.2014.11.008 

[59] Zarrinpar A, Chaix A, Yooseph S, et al. Diet and feeding pattern affect the diurnal dynamics of the gut microbiome. 
Cell Metab. 2014; 20(6): 1006-1017. 

[60] Sumida K, Lau WL, Kovesdy CP, et al . Microbiome modulation as a novel therapeutic approach in chronic kidney 
disease. Curr Opin Nephrol Hypertens. 2021 Jan; 30(1): 75-84. 

[61] Rogawski ET, Westreich DJ, Becker-Dreps S, et al. Antibiotic treatment of diarrhoea is associated with decreased 
time to the next diarrhoea episode among young children in Vellore, India. Int J Epidemiol 2015; 44: 978-987.  

[62] Łubiech K, Twarużek M. Lactobacillus Bacteria in Breast Milk. Nutrients. 2020; 12(12): 3783. Published 2020 Dec 
10. doi: 10.3390/nu12123783 

[63] Reyman M, van Houten MA, Watson RL, et al . Effects of early-life antibiotics on the developing infant gut 
microbiome and resistome: a randomized trial. Nat Commun. 2022 Feb 16; 13(1): 893. doi: 10.1038/s41467-
022-28525-z. PMID: 35173154; PMCID: PMC8850541. 

[64] Welsh FK, Farmery SM, MacLennan K,et al . Gut barrier function in malnourished patients. Gut. 1998 Mar; 42(3): 
396-401. doi: 10.1136/gut.42.3.396.  

[65] Ibrahim MK, Zambruni M, Melby CL, et al. Impact of Childhood Malnutrition on Host Defense and Infection. Clin 
Microbiol Rev. 2017 Oct; 30(4): 919-971. doi: 10.1128/CMR.00119-16.  

[66] Attia S, Versloot CJ, Voskuijl W, et al. Mortality in children with complicated severe acute malnutrition is related 
to intestinal and systemic inflammation: an observational cohort study. Am J Clin Nutr. 2016; 104(5): 1441-1449. 
doi: 10.3945/ajcn.116.130518 

[67] Tickell, K.D., Atlas, H.E. & Walson, J.L. Environmental enteric dysfunction: a review of potential mechanisms, 
consequences and management strategies. BMC Med 17, 181 (2019). https: //doi.org/10.1186/s12916-019-
1417-3 

[68] Owino V, Ahmed T, Freemark M, Kelly P, et al . Environmental Enteric Dysfunction and Growth Failure/Stunting 
in Global Child Health. Pediatrics. 2016 Dec; 138(6): e20160641. doi: 10.1542/peds.2016-0641. Epub 2016 Nov 
4.  

[69] Checkley W, Buckley G, Gilman RH, et al. Multicountry analysis of the effects of diarrhoea on childhood stunting. 
Int J Epidemiol 2008; 37: 816–830. 

[70] Richard SA, Black RE, Gilman RH, et al. Diarrhea in early childhood: short-term association with weight and long-
term association with length. Am J Epidemiol 2013; 178: 1129–1138? [PMC]. 


