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Environmental enteric dysfunction (EED) has been described as altered enteric architecture 

and function resulting in poor absorption, increased permeability, and chronic mucosal 

inflammation among infants and children who live in low and middle income countries 

(LMIC) (1–3). EED has been hypothesized to underlie high rates of stunting and growth 

failure among these vulnerable children (4–7), as well as impaired immune response to 

vaccines (4) and suboptimal cognitive development (8). The etiology of the condition has 

been thought to be related to chronic gastrointestinal exposure to enteropathogens via an 

unhygienic environment, although other contributing factors may include altered mucosal 

and/or systemic immune function, preceding acute infectious illnesses, micronutrient 

deficiencies, both pre-and post-natal infant-maternal interactions, heavy metal exposures, 

and other as yet undiscovered factors.

Despite the wealth of evidence cited above about the important role of EED in child health, 

development and growth, there is currently no single gold-standard diagnostic test for EED. 

While early studies documented morphometric changes in the small bowel mucosa of 

residents of South Asia (9, 10), findings that are supported by more recent confocal 

microscopy data (11), routine endoscopic examination among children at risk of EED is 

thought to be untenable due to its cost, invasiveness, and need for technical expertise. Hence 

numerous investigators have pursued less invasive measures of EED, including tests of 

gastrointestinal permeability, absorption, enterocyte mass and function, inflammation, 

microbial translocation, and systemic and immune activation (1).

Chief among the proposed biomarkers of EED include urinary measures of gastrointestinal 

absorption and permeability, which are feasible via straightforward if laborious field tests, 

reflect important components of gastrointestinal barrier and absorptive function. After oral 

administration of two carbohydrates, the ratio of urinary lactulose (a sugar not usually 

absorbed by intact GI mucosa, whose concentration is therefore taken to correlate with 
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intestinal permeability) and mannitol (a sugar usually passively absorbed, whose 

concentration is therefore thought related to mucosal surface area) are most commonly used. 

The non-invasive nature of these markers has facilitated their use as a measure of EED in 

numerous settings. Denno et al. summarized numerous studies of the urinary L:M ratio in a 

recent systematic review, noting that despite its many advantages (non-invasiveness, wide 

availability of subtrates, and face validity), variation in data presentation, substrate dosing, 

subject selection and fasting status were among several factors that need to be considered in 

efforts to improve the utility of this test (12).

In this volume of Journal of Pediatric Gastroenterology and Nutrition, two large and detailed 

studies of numerous markers of EED, including the urinary L:M ratio, are reported. In one, 

Kosek et al. (13) describe changes in GI absorption and permeability using the urinary L:M 

test in several large and diverse populations at risk of EED and its associated growth 

faltering, with the goal of defining a reference standard for this commonly used test of 

enteropathy. The authors hypothesized that their analyses would provide references across 

sites, ages, and sex and thus allow the creation of L:M standards for broader use. The study 

was part of a large parent study “The Etiology, Risk Factors, and Interactions of Enteric 

Infections and Malnutrition and the Consequences for Child Health and Development” (the 

MAL-ED study), whose overall goal is to evaluate the association of childhood growth, 

gastrointestinal function (14) and infectious disease morbidity with standard tests of 

neurodevelopmental ability and vaccine response (http://mal-ed.fnih.org). The study utilized 

a common protocol to follow and collect samples among infants over time in eight distinct 

locations, including both rural and urban sites in several LMIC’s: Dhaka, Bangladesh; 

Vellore, India; Bhaktapur, Nepal; Naushero Feroze, Pakistan; Fortaleza, Brazil; Loreto, Peru; 

Venda, South Africa; and Haydom, Tanzania. Infants were followed over the course of 24 

months with growth, dietary intake and morbidity patterns documented closely. For the 

current paper, nearly 2,000 infants underwent urinary L:M testing four times over the first 

two years of life. Consider the monumental efforts involved in studying this large number of 

young children in resource limited settings: at ages 3, 6, 9 and 15 months of age, infants 

were fasted for 2 hours, provided an oral dose of the dual sugars, and then underwent 

multiple five hour timed urine collections. The 7,260 urine collections completed therefore 

represent at a minimum 36,300 hours of research staff time for the timed collections only; 

additional time for contacting families, scheduling research visits, sample preparation and 

analysis were of course needed as well. In addition, the authors report an impressive rate of 

subject follow-up, given the complexity of the study.

The authors evaluated sex, age and site specific rates of mannitol and lactulose recovery, as 

well as the urinary L:M ratio. While the wide range of geographic locations was a strength 

of their study, this feature also introduced some methodologic variability in specimen 

analysis. To aid in the interpretation of these sex, age and locale-specific findings, the 

investigators used the raw data to create Z scores, using the Brazil site as the reference group 

due to low rates of clinically apparent diarrhea episodes as well as normal growth patterns. 

The main findings included significantly higher percent mannitol and lactulose recovery in 

the youngest age groups and for boys compared to girls at all ages, suggesting sex 

differences in intestinal permeability. Measured L:M ratios were noted to have a highly 

variable pattern across site locations and over time. Specifically, in three sites (Bangladesh, 
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Nepal, and Pakistan) L:M declined with age, in two sites (India and Peru) it increased, and 

in two sites (South Africa and Tanzania) it remained the same. The sex differences seen in 

the individual sugar data were not seen in the ratio data, leading the authors to surmise that 

evaluating the individual components (lactulose and mannitol recovery) of the test might 

have more utility than the ratio per se in interpreting permeability across sex, time and 

location. The data obtained in this study enabled the authors to create Z score reference data 

(normalized to age and sex) that can be used in future studies.

Also in this volume of JPGN, Campbell et al. (15) report their findings of a cross-sectional 

study among 539 Bangladeshi children who underwent numerous measures of potential 

biomarkers for EED at age 18 months. Among these participants of a randomized trial of 

food supplementation, the authors collected numerous additional samples for the analysis of 

stool myeloperoxidase (MPO), alpha-1 antitrypsin (AAT), and neopterin; serum endotoxin 

core antibody (EndoCAb), glucagon like peptide 2 (GLP-2), total immunoglobulins (Igs), C-

reactive protein (CRP), and alpaha-1 acid glycoprotein (AGP)); and urine (L:M test). These 

markers were chosen due to recent data that have identified fecal (7) and systemic measures 

of inflammation (16) as correlates of stunting in children living in LMIC’s. The findings 

were quite striking. First, using standard cut-offs, most of the children studied had elevated 

concentrations of stool, urine or serum markers of EED, seemingly confirming that in a 

population with high rates of stunting (45% at age 18 months), these markers hold promise 

as biomarkers of EED. Second, there was little to no correlation among these various 

proposed markers of EED, possibly suggesting that that some of these may reflect elevations 

in inflammatory markers that are not specific to GI disease. Finally, multivariable modeling 

using all of the biomarkers as independent variables explained only 10.8% of the variability 

in urinary L:M ratio, suggesting that either L:M ratio is an imperfect test of EED itself (see 

Kosek et al.) and/or that EED is not a uniform entity in which a single marker or groups of 

markers will be able to accurately diagnose.

The utility of these two papers to the global pediatric gastroenterology and nutrition 

community is substantial. The paper by Kosek et al. describes an impressively large and well 

collected data set with broad geographic boundaries concerning a common test of GI 

intestinal permeability and absorption, highlighting the need to consider methodologic and 

geographic factors in interpreting this test. In addition, the finding of age and sex-specific 

normative data informs our knowledge of gastrointestinal function over sex and time. 

Similarly, the paper by Campbell et al. emphasizes the low correlation observed among 

several purported tests of EED, even in a population with highly prevalent stunting and 

elevations of numerous biomarkers.

The ultimate value in these data set will of course be whether and how these biomarkers of 

EED are related to important health outcomes, including growth, neurodevelopment, vaccine 

response and perhaps other non-communicable diseases (17). Indeed in neither of these 

papers was the relationship of these EED biomarkers with growth outcomes presented. The 

completion of additional analyses, wherein these biomarkers are related with these and other 

outcomes, as well as ongoing studies of endoscopic and histologic measures of EED, are 

awaited with interest.
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