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Abstract 

 Background: Iron deficiency is associated with stunting and poor performance in children. 

Oral iron supplementation is widely promoted to correct iron deficiency. However, excess 

iron may be toxic to beneficial luminal gut bacteria and could support growth of pathobionts. 

Objective: To analyze the fecal total iron concentration and fecal Lactobacillus levels in a 

cohort of stunted and normal children.  

Design: The study was undertaken in two different locations. One of them is a rural area and 

other is a semi-urban-slum area, both areas are located in the Vellore district of Tamilnadu 

state. 20 children (10 stunted and 10 normal growth) aged 2 to 5 years from each area were 

recruited. Both groups were nearly identical demographically. Fecal samples were collected. 

Fecal total iron was estimated, fecal DNA was extracted and subjected to 16S rDNA-targeted 

real-time polymerase chain reaction to determine the relative predominance of Lactobacillus 

and Escherichia coli.  

Results: The fecal total iron concentration in rural children (3656 µg/ g wet wt. of feces) was 

significantly higher when compared to semi-urban-slum children (114.9 µg/ g wet wt. of 

feces, p<0.005). Inversely, fecal Lactobacillus in rural children (Median 3.18 x 10
-3 

Relative 

difference compared with total bacteria) was significantly lower when compared to semi-

urban-slum children (Median 59.33 x 10
-3

, p<0.005). There was no significant change 

observed between normal and stunted children. E.coli levels remained unaffected. 

Conclusion: The present study documents an inverse relationship between fecal iron 

concentration and Fecal Lactobacillus concentration in children belonging to two different 

localities independent of their nutritional status. 

 

Keywords: Nutrient transport and metabolism, Probiotics/intestinal host defense, Microbial 

pathogenesis 
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What is known? 

 Iron is an essential micronutrient necessary for a variety of biological functions. 

 <10% of ingested iron gets absorbed, while the remaining iron overflows to the colon. 

 Excess iron may be toxic to beneficial luminal gut bacteria. 

 Fecal Lactobacillus was found to be reduced in anemic young women when compared 

to women without anemia. 

What is new? 

 First Human study to relate Fecal Iron estimation to the Fecal Lactobacillus. 

 Fecal iron has an inverse relationship with fecal Lactobacillus levels in children. 

 Utility of fecal total iron estimation should be further evaluated as a useful tool in 

clinical nutrition:  

A. To rationalize Iron fortified food supplements. 

B. To screen in developing countries where empirical iron supplementation 

is part of National Health Program. 

 

INTRODUCTION 

Iron is an essential micronutrient for almost every form of life on the planet. Availability of 

iron is necessary for a variety of biological functions, especially physical growth and 

hematopoiesis[1]. Iron deficiency in children is found to correlate with decreased cognitive 

performance and may include weakness, fatigue, and inability to focus. Iron deficiency, when 

severe, is correlated with increased risk of preterm labor, low birth weight, child and maternal 

mortality[2]. Oral iron supplementation is recommended as simple and effective way to 

correct iron deficiency. However, excess iron may be extremely toxic to aerobic organisms 

due to the formation of reactive oxygen species which can damage nucleic acids and other 

cellular components. For this reason, iron uptake and cellular iron reserves are tightly 

regulated in aerobic organisms[3][4]. The human body tightly regulates iron levels at the 

level of intestinal absorption, as there is no active mechanism for iron efflux. Iron absorption 
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occurs in the small intestine, where dietary iron is enzymatically reduced from ferric iron  to 

ferrous iron, and then transported inside the cells[5][6]. Excess iron is tightly bound to 

transferrin and lactoferrin for safe transportation across the body. Interestingly, human body 

sequestrates iron to defend itself from most invading pathogens, as they need iron for rapid 

growth during infection[7][8][9].  

<10% of ingested iron gets absorbed, while the remaining iron overflows to the colon and is 

available to the residing microbiota [6]. The human body plays host to a diverse community 

of microbes. These resident microbes, approximately 10
14

 in number, with their nucleic 

material are collectively described as the human microbiome. Dietary habits greatly influence 

the composition of the gut microbiome. Maintenance of a healthy human gut microbiome is 

essential for health[10][11][12]. In our previous study, we showed that the fecal population of 

Lactobacillus was reduced in anaemic young women[13]. However, the interaction between 

fecal total iron concentration and Fecal Lactobacillus population was not elucidated.  

The major source of luminal iron is likely to be excess ‘leftover’ iron that is not absorbed 

from the diet. This iron acts as a growth factor for bacteria that are dependent on iron for their 

growth. Iron is an absolute growth requirement for several species of pathogenic 

bacteria[14][15], and it is possible that oral iron supplementation may increase the abundance 

of pathogenic bacteria in the feces.  In the present study conducted in preschool children, we 

hypothesized that the concentration of fecal total iron has a predictable association with Fecal 

Lactobacillus population.  
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MATERIALS AND METHODS  

Study area: The study was undertaken in two different areas located 30 kms apart from each 

other. One of them is a rural area (Kilvalam) and other is a semi-urban-slum area (Samuel 

Nagar), both areas located within Vellore district of Tamil Nadu state. The present study was 

approved by the institutional review board of the Christian Medical College, Vellore. 

Informed consent was obtained from the parents of the participants prior to recruitment. 

Participants: Twenty children, aged 2 to 5 years from each area were recruited. Baseline 

data about the demographic details and anthropometric measures was collected during study 

recruitment. Ten of the children from each area were recruited with normal (mean + one 

standard deviation) height for age as per the WHO growth charts, while the other 10 were 

recruited stunted with height for age less than 2 standard deviations below the mean. Children 

with any chronic illness, peripheral edema, antibiotic treatment in the last three months, 

diarrheal episodes in the preceding week or on iron supplementation in the last one month or 

a height for age score greater than 3 SD from the reference value, as well as children between 

1 and 2 SD from the mean on either side, were excluded from the study.  

Usual diet intake and specifically iron intake was assessed in all the study participants using 

3-day dietary recall and then analyzed for content using reference nutrient values for Indian 

foods. 

Sample collection: Fecal samples were collected from 40 children from both the localities 

and were immediately transported to the lab on ice and stored at -80°C until analysis. 

Fecal Total Iron estimation: Freeze-dried fecal samples from all 40 children were analysed. 

100-200 mg of freeze-dried Feces was placed in a crucible and was burnt to ash in a muffle 

furnace at 450˚C for 12 hours.  
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Dry ash was transferred into a clean 1.5 ml Axygen microcentrifuge tube (Corning, USA) and 

weighed using microbalance.  1 ml of 2N HCl was added to the ash and mixed vigorously 

using the vortex to dissolve. Iron standard (10µg/mL) was prepared from the laboratory stock 

fecl3 reagent. Dissolved ash was used to estimate fecal total iron using Ferene (Chromogen) 

end-point method (Fisher diagnostics, VA, USA). Chromogen is allowed to react with 

reduced iron (in reduced pH) to produce Iron-Chromogen complex. This complex has a 

visible range spectrum with peaks in the 500-600nm range, which is measured 

spectrophotometrically and is proportional to the total iron content. Measured Fecal total iron 

levels were expressed as µg of iron/ gram wet wt. of feces [16]. 

Quantitation of Fecal bacterial population: Fecal DNA was extracted using two successive 

rounds of bead beating with 0.1 mm zirconium–silica beads (Biospec Products, Bartlesville, 

OK, USA) followed by extraction with a QIAamp DNA Stool Minikit (Qiagen, Germantown, 

MD). The extracted DNA was then subjected to quantitative PCR amplification using genus-

specific primers targeted at 16S ribosomal DNA of Lactobacillus and E.coli. The total 

bacterial load of the sample was also amplified using conserved universal primers. Primers, 

PCR conditions & results were expressed as described previously(12). 

Statistics: The demographics were analyzed using descriptive statistics and the values were 

expressed as Mean ± Standard Deviation. Fecal total iron concentration, Fecal Lactobacillus 

population, and Fecal E.coli population were expressed as median and interquartile ranges 

(IQR). The significance of differences between groups was assessed using Mann Whitney U-

test (with logarithmic transformation in case of both the bacteria and Fecal Iron). P value 

<0·05 was considered statistically significant. 
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RESULTS 

The parents of the forty children (20 with normal and 20 stunted HAZ score) from two 

different area consented for participation in this study. There were a total of 18 boys and 22 

girls with an equal  number of children in the healthy and stunted groups.  A total of 40 fecal 

samples were collected and analyzed. Table 1 shows the characteristics of all the 40 children. 

There were significant differences between healthy and stunted children in their HAZ scores. 

Fecal total iron & microbes: Fecal total iron concentration did not differ significantly 

between stunted (736.3, IQR 94.4-3240) and normal children (1520, IQR 183.6-4182). It was 

significantly lower in Semi-urban-slum children (p<0.005) when compared to rural children 

(Figure 1). Dietary iron consumption in both the groups were similar (Table 2). There were 

no significant changes between Genders. However, dietary iron consumption in both the 

groups were below the Recommended Dietary Allowance.  

Fecal Lactobacillus did not differ significantly between stunted (Median 7.6 X 10
-4

, IQR 1.9 

X 10
-4 

- 8.2 X 10
-3

) and normal children (Median 3.8 X 10
-3

, IQR 7.9 X 10
-4

- 1.4 X 10
-2

). It 

was significantly higher in Semi-urban-slum children (p<0.005) when compared to rural 

children (Figure 2). However, Fecal E.coli abundance did not vary significantly.  

The correlation between Fecal total Iron and lactobacillus abundance across all children from 

both rural and semi-urban-slum area is depicted (Figure 3). In the children from the two 

areas, there was a trend for inverse correlation between the fecal total iron and Lactobacillus 

abundance.  

 

 



 

 

This article is protected by copyright. All rights reserved. 

Discussion 

This study demonstrates a significant increase in fecal total iron and a reduction in Fecal 

Lactobacillus abundance in rural pre-school children and vice versa in semi-urban-slum pre-

school children of southern India.  By contrast, there was no change in Fecal E.coli 

abundance in both the study groups.  

In a preceding observational study, we have shown decreased Fecal Lactobacillus abundance 

in anemic women of reproductive age. The reason for the reduction in Lactobacillus 

abundance remained unanswered. In this study, we hypothesised that fecal iron will alter 

based on the growth status of the children, and this in turn will determine the Fecal 

Lactobacilli concentration. To address this we recruited children from two different localities 

with differences in growth status. The children from both localities were homogenous with 

respect to their dietary iron intake and socio-economic status. Interestingly, fecal total iron 

concentrations significantly varied in children based on their localities and remained 

unchanged with differences in growth status or gender. It is, therefore, reasonable to 

speculate on the intake of dietary fiber (soluble & insoluble), non-digestible disaccharide and 

oligosaccharides. Based on dietary questionnaire, all the forty children had no significant 

difference in thier dietary pattern. Consumption of meat, milk & milk products, energy were 

all uniform. However specific soluble or insoluble fibre content of the diet was not quantified 

in this study. 
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Approximately 40%  of the pre-school children in India are moderately anemic and about 

equal number of them are moderately stunted. Iron deficiency anemia reduces the learning 

capacity, causing low intelligence, and ultimately impacting the growth of the 

country[17][18]. All children recruited in this study were apparently healthy, asymptomatic and 

school going. The human gut microbiome is highly dynamic during early childhood. Maturing 

gut microbiome highly relies on a variety of inter and intra generational factors like, maternal 

nutrition before, during & immediately after pregnancy, mode of delivery, duration of breast 

feeding, weaning and other domestic  factors. However, diet and dietary supplementation 

play a predominant role in shaping the maturing gut microbiome [19][20][21]. This study 

highlights the influence of iron over Fecal Lactobacillus abundance due to factors that are 

specific to the rural set-up. Measuring fecal occult blood, parasites and calprotectin could 

have ruled out few factors that are specific to rural population, and this clearly is a limitation. 

Increased fecal total iron had no effect on E.coli abundance, while it did not favor the growth 

of Lactobacillus population. This effect may be due to their differential iron requirement for 

growth, as they rely on fermentative metabolism for their growth. An in vitro study 

established an association between low luminal iron levels and Lactobacilli abundance[22]. 

Our study is the first human study to document an inverse relationship between fecal 

Lactobacilli and fecal iron. Lactobacillus in the colon has been shown to promote beneficial  

(probiotic) effects locally. They have anti-inflammatory properties and form a barrier against 

pathogen colonisation. Decreased Lactobacillus abundance in these children may negatively 

influence their maturing gut microbiome[23][24][25]. Considering the effects of dietary iron 

over-flow on the Lactobacillus abundance, it is possible that empirical iron supplementation 

to children across the world might have a greater impact on childs gut microbiome, growth 

and development. 
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To our knowledge, this is the first study to estimate fecal total iron and to document its 

association with fecal Lactobacillus abundance. Emperical iron supplementation is a 

worldwide strategy to treat iron deficiency. However in light of the aforementioned 

association, utility of fecal iron estimation at various settings should be evaluated. It may be a 

useful tool to plan effective iron supplementation or iron fortification strategies. Given the 

strength and nature of this inverse relationship, it may be prudent to consider the use of a 

probiotic supplementation to replenish Lactobacillus in conjucntion with iron 

supplementation. 

Conclusion 

The present study documents an inverse relationship between fecal total iron concentration 

and Fecal Lactobacillus abundance in children from two different localities independent of 

their growth status. In a relatively homogenous population, the fecal total iron concentration 

was significantly higher in children from rural area. Concomitantly, the proportion of 

Lactobacillus in Feces was found to be lower in rural areas when compared to Semi-urban-

slum area.  
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Figure 1: Fecal Total Iron (µg/ G wet wt. of feces) Median and inter quartile ranges (IQR) in 

log scale is plotted. A. Significant difference in Fecal Total iron observed between Urban 

&amp; Rural Children (P&lt;0.005, Mann Whitney test). While B. No significant change 

between Normal Children Vs. Stunted Children 
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Figure 2: Fecal Lactobacillus (Relative difference), Median and inter quartile ranges (IQR) 

in Log scale is plotted. A. Significant difference in Fecal Total iron observed between Urban 

&amp; Rural Children (P&lt;0.005, Mann Whitney test). While B. No significant change 

between Normal Children Vs. Stunted Children 
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Figure 3: Correlation between the Fecal total Iron and lactobacillus abundance across all 

children from both rural and semi-urban-slum area is plotted. The abscissa and ordinate 

show, respectively, the Fecal total Iron  and  lactobacillus abundance relative to the total 

number of bacteria. The color code: Semi-Urban-Slum (Green) to Rural (red) Children. 
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Table 1: Characteristics of study Children from both Rural and Urban-slum, the two cohorts 

were similar in all aspects. 

 

Characteristic  Rural  Urban  

No of children  20  20  

No of stunted children  

(HAZ <-2)  

10  10  

No of normal children  10  10  

Average Height  94.03 ± 8.2 cm  94.5 ± 7.03 cm  

Average Weight  12.9 ± 2.5 kg  13.1 ± 2.1 kg  

Children  Male  Female  Male  Female  

 9  11  9  11  

Average height  97.6 ± 8.02  91.06 ± 7.6  96.7 ± 7.02  92.7 ± 6.8  

Average weight  14.4 ± 2.6  11.6 ± 1.7  13.9 ± 1.3  12.5 ± 2. 

Children  Normal Stunted Normal Stunted 

Average height  99.9 ± 6.04 88.2 ± 5.7 99.3 ± 6.5 89.2 ± 3.4 

Average weight  14.6 ± 1.9 10.9 ± 1.4 14.5 ± 1.7 11.7 ± 1.3 
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Table 2: Fecal iron and lactobacillus proportions in children (Based on Locality). 

 

 Rural Urban P-value
1
 

Age in month, mean (SD) 40.0 (7.6) 41.9 (13.3) 0.93 

Male (%) 45 45 - 

Iron intake from diet/day (mgs), 

Median (IQR) 

2.3 (1.8-3.1) 2.6 (1.8-3.6) 0.29 

Fecal parameters    

Fecal Iron Concentration (µg of 

iron/ gram wet wt. of feces), 

Median (IQR) 

3656 ( 2860-5557) 114.9 ( 50-327) <0.005 

Fecal Lactobacillus (Relative 

difference), Median (IQR) 

3.9 x 10
-4

           

(9.8 x 10
-5 

– 7.4x 10
-2

) 

1.01 x 10
-2  

(1.7 x 10
-3 

– 7.4x 10
-2

)
 

<0.05 

Fecal E.coli (Relative difference), 

Median 

4.059 x 10
-5

 
 

6.548 x 10
-5

 
 

0.23 

 

 

 

 

 


