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Background and Objectives: A vicious cycle of infection, malabsorption, and malnutrition has been implicated
in the perpetuation of diarrheal disease. This study examined whether persistent diarrhea is associated with
changes in selenium status and stool alpha-1 antitrypsin (AAT) concentration. Methods and Study Design: This
cross-sectional study included 30 children aged 1-12 years with persistent diarrhea who were hospitalized in
Cipto Mangunkusumo Hospital and Fatmawati Hospital, Jakarta, and 30 apparently healthy children who were
matched by age and sex and lived in a rural area of Jakarta. Clinical examinations, blood routine tests, erythrocyte
glutathione peroxidase (GPX) activity and plasma selenium levels as well as AAT in fresh stool samples were
performed in all the subjects. Results: Of 30 children with persistent diarrhea, 17 had moderate malnutrition and
13 had severe malnutrition. The mean plasma selenium was significantly lower in children with persistent diar-

rhea than in children without diarrhea (86.0 pg/L [95% CI: 76.1-95.9] vs 110 pg/L [95% CI: 104-116, p<0.0001).

The mean stool AAT concentration was significantly higher in children with persistent diarrhea than in those
without diarrhea (115 mg/dL [95% CI: 38.5-191] vs 16 mg/dL [95% CI: 4.0-13.5, p<0.0001]). Selenium corre-
lated with AAT (p=0.05). Fecal fungi were persistently present. Conclusions: Although selenium status in both
groups was optimal for the obtained plasma GPX activity, children with persistent diarrhea exhibited lower plas-
ma selenium levels. This study suggests that the decrease in the plasma selenium level may be the consequence of

protein loss and that fungi may be involved.
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INTRODUCTION

A vicious cycle of infection, malabsorption, and malnutri-
tion has been implicated in the perpetuation of diarrheal
disease. Data of Indonesia Basic Health Research 2007
(Riset Kesehatan Dasar, Riskesdas, which are compiled
by the Ministry of Health of the Republic of Indonesia)
revealed that diarrhea remains the primary cause of death
in babies and children younger than 5 years (31.4% and
25.2%, respectively).! According to Indonesia Health
Profile 2014, the national crude fatality rate of the diar-
rheal outbreak in 2014 was 1.14%, which is still higher
than the expected target rate of <1%.” Therefore Indone-
sia is still battling with this disease. These data reveal that
most diarrheal episodes resolve within 1-2 weeks, this
disease persists longer in some individuals (persistent
diarrhea).**

Reactive oxygen species (ROS) and nitrogen species
and depleted antioxidant defenses have been reported to
play major roles in the pathogenesis of intestinal damage
in malnourished children.’” Under normal conditions, a

delicate balance exists between ROS production and anti-
oxidant defenses that protect cells in vivo. Increased ROS
generation may occur as a result of many conditions af-
fecting children, including inflammation, infection, and
malabsorption. Alternatively, increased ROS generation
may occur because of inadequate antioxidant defenses.®
Selenium is an essential trace element that plays an im-
portant role in the redox balance through the antioxidant
activity of selenoproteins.’ In individuals with selenium
deficiency, the activity of selenium-dependent glutathione

Corresponding Author: Dr Pramita G Dwipoerwantoro, Gas-
trohepatology Division - Department of Child Health, Faculty of
Medicine Universitas Indonesia - Dr Cipto Mangunkusumo
General Hospital, Jakarta 10430, Indonesia.

Tel: +6221-3907742; Fax: +6221-3907743.

Email: pramitagd@yahoo.com

Manuscript 18 March 2017. Initial review completed 30 March
2017. Revision accepted 13 May 2017.

doi: 10.6133/apjcn.062017.s13



S80 PG Dwipoerwantoro, W Lukito, D Aulia, J] Arnaud and A-M Roussel

peroxidase (GPX), a major class of selenoproteins in the
human body,lo is decreased.'"'? However, there is a hier-
archy in the importance of selenoproteins in organs,"” and
the selenium requirement for optimum immune function
may be higher than that for GPX activity. In addition, the
biochemical mechanisms underlying the association be-
tween a marginal selenium status and the increased risk of
infection, inflammation, and immune disorders cannot be
limited to the redox balance.'*"°

Because of its syndromic nature, persistent diarrhea
leads to reduced absorption of all nutrients, with their
subsequent loss in increased intestinal secretions and
stool.'” Diarrheal disease is associated with abnormal
transmucosal protein loss from the gut.'™'’ This protein
loss is a crucial mechanism through which diarrhea caus-
es malnutrition.”® Protein-losing enteropathy (PLE) is a
pathophysiologic process that results in the loss of serum
protein into the gastrointestinal tract, mostly because of
mucosal inflammation. Alpha-1 antitrypsin (AAT) has
been used as an endogenous marker,”’ and determining
the fecal clearance of AAT enables the diagnosis of
PLE'19,22

The present study examined whether persistent diar-
rhea is associated with a marginal selenium status, which
was evaluated using two indices: a direct one (plasma
selenium) and a functional one (erythrocyte Se-
glutathione peroxidase [GSH]-Px [GPX] activity). This
study also investigated whether these parameters are as-
sociated with the levels of stool AAT, which is a marker
of PLE.

MATERIALS AND METHODS

This cross-sectional study included 30 children aged 1-12
years with persistent diarrhea who were hospitalized in
Cipto Mangunkusumo Hospital and Fatmawati Hospital,
Jakarta, and 30 apparently healthy children who were
matched by age and sex and lived in a rural area of Jakar-
ta. This study was conducted from November 2010 to
December 2011. Before their enrollment into the study,
informed written consent was obtained from the chil-
dren’s parents. This study was approved by the Research
Ethics Board of the Faculty of Medicine, Universitas In-
donesia no: 484/PT02.FK/ETIK/2010. All eligible sub-
jects underwent clinical examinations; their anthropomet-
ric measurements were obtained. The following parame-
ters were assayed on the first day of admission: erythro-
cyte GPX activity, plasma selenium concentration, and
stool AAT concentration; in addition, routine peripheral
blood examination and stool analysis were performed on
that day. Nutritional status was determined using the
weight-for-height z-score according to the WHO growth
standard. The mother’s education level was classified as
“junior high school and lower”, “senior high school”, and
“diploma and above”.

Venous blood was collected from each subject after 6-
hour fasting to determine the complete peripheral blood
count and erythrocyte GPX activity. The enzymatic rea-
gent used was Ransel, and GPX activity was determined
according to the method of Paglia and Valentine.” GPX

catalyses the oxidation of GSH by cumene hydroperoxide.

In the presence of glutathione reductase (GR) and
NADPH, the oxidized glutathione (GSSG) is immediately

converted to the reduced form, with a concomitant oxida-
tion of NADPH to NADP". In this study, the decrease of
NADPH absorbance at 340 nm was measured, and it is
propotional to the activity of GPX. Blood samples for
trace element (Se) analysis were collected in a trace ele-
ment free-sodium heparin vacutainer. Plasma selenium
levels were measured using inductively coupled plasma
mass spectrophotometry.

Fresh stool samples were collected for a stool analysis;
samples not used immediately were stored at —20°C until
analysis of AAT by using ELISA kit. The stool analysis
comprised a macroscopic examination (color, consistency,
and the presence of blood, mucus, pus, and worms) and
microscopic examination (leucocytes, erythrocytes, mu-
cus, and bacteria). The analysis of stool AAT was per-
formed using double antibody sandwich ELISA. The
principle of this analysis is that AAT in the stool would
bind to excessive rabbit polyclonal antibody on the sur-
face of the well (solid), forming an antigen—antibody
(Ag—Ab) complex. Subsequently, a peroxidase (POD) -
labeled anti-AAT antibody (sheep polyclonal anti-AAT
antibody) was added, followed by the addition of tetra-
methylbenzidine (TMB). The yellow Ab-Ag-Ab*™®
complex was read on an ELISA reader. The colour inten-
sity of the product corresponded to the AAT concentra-
tion in the stool. Moreover, a dose—response curve was
plotted, with absorbance unit on the x-axis and the level
on the y-axis. In this study, the cutoff point for the AAT
concentration was 54 mg/dL.

Statistical analysis

The data were analyzed using IBM SPSS Statistics ver-
sion 17. For statistical comparison, ¢ test and one-way
ANOVA were used for normally distributed data, and the
nonparametric Mann—Whitney test and Wilcoxon’s
signed rank test were used when the distribution was
skewed. The chi-square test was used to compare fre-
quencies. The association between AAT and selenium
was evaluated using the Spearman correlation coefficient.
Statistical significance was considered at the 5% proba-
bility level.

RESULTS
The children enrolled in this study were matched by age
and sex. A predominance of boys (20 of 30) was noted.
Regarding nutritional status, of 30 children with persis-
tent diarrhea, 17 had wasted (moderate malnutrition), and
13 had severe wasted (severe malnutrition). Of 30 chil-
dren without diarrhea, 20 had an appropriate nutritional
status, and 10 had wasted (moderate malnutrition). Ma-
ternal education levels differed significantly between the
two groups. This finding is because children without diar-
rhea were from a rural area of Jakarta, which is a middle—
low socioeconomic area. However, Cipto Mangunkusumo
Hospital and Fatmawati Hospital are located in central
and south Jakarta, a middle socioeconomic area (Table 1).
Children with persistent diarrhea had more bloody
stools (p<0.0001), enteric infections (p<0.0001), fungal
infections (p=0.005), fat malabsorption (p<0.0001) and
less fiber maldigestion (p=0.020) than children without
diarrhea (Table2). The prevalence of lactose and carbo-
hydrate malabsorption did not differ between the groups
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Table 1. Demographic data

Case (n=30) Control (n=30) p value
Sex
Boys 20 (67) 19 (63) 1.000
Girls 10 (33) 11 (37)
Aged (years)
1-3 26 (87) 22 (73) 0.403
>3-5 2 (6.5) 5(17)
>5 2 (6.5) 3 (10)
Nutritional status’
Normal 0 (0) 20 (67) <0.0001
Wasted 17 (57) 10 (33)
Severe wasted 13 (43) 0(0)
Mother’s education
Junior high school and lower 5(17) 18 (60) 0.002
Senior high school 22 (73) 10 (33)
Diploma and above 3 (10) 2(7)

"Nutritional status determined according to WHO z-score weight for height (zZWH). Normal if -2<zWH<+2, wasted if -3<zWH<-2, and
severe wasted if zZWH<-3. If subjects aged more than 5 years old, nutritional status determined according to CDC 2000 and determined
normal if 90-110% ideal body weight, wasted if 70-90% ideal body weight, and severe wasted if <70% ideal body weight.

Table 2. Stool analysis

Case (n=30) Control (n=30) p value
Bloody stool 12 (40) 0(0) <0.0001
Enteric infections 28 (93) 0(0) <0.0001
Fat malabsorption 12 (40) 0(0) <0.0001
Lactose malabsorption 1(3) 0(0) 0.317
Carbohydrate maldigestion 7 (23) 10 (33) 0.394
Fungi infection 7 (23) 0 (0) 0.005

(»=0.317 and p=0.394, respectively). Only one child with
persistent diarrhea was infected by Entamoeba histolytica,
and worm or parasite infection was not detected in any
child without diarrhea (data not shown).

The mean erythrocyte GPX activity was similar in the
two groups, whereas the plasma selenium was significant-
ly lower in children with persistent diarrhea (Table 3).
The mean stool AAT concentration was significantly
higher in children with persistent diarrhea than in children
without diarrhea (Table 3), whereas the erythrocyte sedi-
mentation rates (ESRs) were similar in the two groups,
although ESRs were much higher in children with persis-
tent diarrhea. Children with persistent diarrhea had signif-
icantly lower Hb concentration than those without diar-
rhea (Table 3). Anemia, defined as a Hb <11 g/dL, was
observed in 70% of children with persistent diarrhea and
in 17% of children without diarrhea.

The stool AAT concentration (Table 4) was associated
with the sign of enteric infection (p=0.002) and enteric
inflammation (p=0.002), the presence of blood in feces
(»=0.002), and fat malabsorption (p=0.013). The associa-

tion between stool AAT and nutritional status was at the
limit of significance (p=0.052), and no association was
observed between stool AAT and ESRs (p=0.545). Final-
ly, we observed a weak association between selenium and
AAT (p=0.05).

DISCUSSION
In Indonesia, the prevalence of persistent diarrhea might
have remained stable in the last 5 years. In Cipto
Mangunkusumo Hospital, which was the main study cen-
ter, the prevalence of persistent diarrhea from January
2009 to December 2010 was 19% (47/253).% In this study,
we included 25 children with persistent diarrhea who
were hospitalized between November 2010 and Decem-
ber 2011. During this period, another five children with
persistent diarrhea were recruited from Fatmawati Hospi-
tal. Our results reveal that persistent diarrhea remains an
important problem that results in adverse effects on the
nutritional status of children.

Persistent diarrhea can be the consequence of a broad
spectrum of disorders.** In children from developing

Table 3. Antioxidant erythrocyte GPX activity, plasma selenium, stool alpha-1 antitrypsin, and Hb and ESR between

groups

Case Control p value
GPX (U/gHb) 38.0(32.9-43.2) 40.2 (36.4-44.0) 0.357
Plasma selenium (ng/L) 86.0(76.1-95.9) 110 (104-116) <0.0001
Stool alpha-1-antitrypsine (mg/dL) 115 (38.5-191) 16.0 (3.6-28.5) 0.010
Hemoglobin (mg/dL) 10.4 (9.6-11.2) 11.7(11.4-11.9) 0.002
ESR (mm/hour) 18.8 (9.5-28.0) 15.7 (11.8-19.5) 0.530

Results are exnressed as the mean (95% CT).
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Table 4. Association between the number of children
with normal and abnormal stool alpha-1 antitrypsin
levels stratified by nutritional status and stool analysis

Stool alpha-1-antitrypsin

Normal Abnormal 117

(<54mg/dL)  (>54mgidl) M

Nutritional status 0.052
Normal 7 6
Wasted 16 9
Severe wasted 18 2

Stool leucocytosis 4 13 0.002

Stool erythrocyte 3 7 0.002

Stool fat 5 7 0.013

malabsorption

countries, such as Indonesia, intestinal damage by viral,
bacterial, or parasitic agents is the current primary event
in the majority of persistent diarrhea cases.>™’

Selenium is an essential trace element with fundamen-
tal importance to human health, and it is known for its
antioxidant and immune activity and its anti-
inflammatory and antiviral properties, which may be in-
volved in the occurrence of persistent diarrhea. However,
only a few studies have reported the selenium status of
children with persistent diarrhea.***

In the present study, we found that plasma selenium
concentration decreased in children with persistent diar-
rhea. By contrast, erythrocyte GPX activity remained
within the range of reference values. This observation
conflicts with the results of Chaudhary et al, in which no
evidence of any modification of the plasma selenium was
found in children with persistent diarrhea.*® This discrep-
ancy may be explained by the population studied; Thom-
as et al reported that GPX activity in plasma and red
blood cells and the plasma selenium concentration may
decrease, increase, or remain within the reference range,
depending on the cause of the gastrointestinal disorder.”’
Notably, the selenium status of the studied Indonesian
children was markedly higher than that observed in other
countries.’® These high selenium concentrations explain
why GPX activity remained within the reference range in
children with persistent diarrhea in our study."? The sele-
nium concentration in this group was higher than the val-
ue proposed for optimum red blood cell activity.

In this study, we also observed a weak association be-
tween selenium and AAT. This finding suggests that the
decrease in the plasma selenium may be the consequence
of protein loss.

Stool AAT is used as a marker of protein loss from the
digestive tract, and it allows the detection of protein loss
from the digestive tract before the occurrence of hypoal-
buminemia.'” This study found a significantly higher
stool AAT concentration in children with persistent diar-
rhea than in those without diarrhea. The fecal protein loss
was significantly higher in children with persistent diar-
rhea, which agrees with the results of a previous study.*
Enhanced fecal protein loss, as the consequence of intes-
tinal epithelial damage, was observed in children with
persistent diarrhea caused by various pathogens (bacterial,
viral, or parasitic agents).”>?® This study should be ex-
tended by elaborating the enteropathogen causing persis-
tent diarrhea, because this study found only one child

infected by E. histolytica (data not shown), without any
data of enteric pathogens. However, signs of overgrowth
of enteric bacteria (leucocytosis in stool) in children with
persistent diarrhea were observed in this study.

Persistent diarrhea also adversely affects nutritional
status and is often associated with malnutrition.”’ This
study demonstrated that children with persistent diarrhea
were mostly undernourished; 56.7% had moderate malnu-
trition and 43.3% had severe malnutrition. Comparatively,
children without diarrhea had an improved nutritional
status; 66.7% had an appropriate nutritional status, and
33.3% had moderate malnutrition.

This study supports the concept of a vicious cycle of
persistent diarrhea, protein losing-enteropathy, malnutri-
tion, and selenium deficiency (Figure 1). Reactive oxygen
species (ROS) are thought to play a key role in electrolyte
loss and enhanced mucosal permeability occurring in
chronic diarrhea.*® Malnutrition increases the infiltration
of lymphocytes within the lamina propria, generating
redox imbalance, Therefore intestinal water secretion
increases which contributes to the persistence of diar-
rhea.™ A vicious cycle may also arise in the event of an
infectious aetiology as selenium deficiency may increase
the virulence of microorganisms, particularly virus** and
induces immunodeficiency. However, in our study, sele-
nium status was not deficient.

Our study also reveals that 23% (7/23) children with
persistent diarrhea were infected by fungi. Several patho-
geneses might be involved in this condition such as anti-
biotic treatment and immunodeficiency associated with
diarrhea. There is also evidence that diet might contribute
to a change in the structure of the gut microbiome as
found here.>>*® Candida has been positively associated
with carbohydrate ingestion.*® This finding is interesting
and merits requires further epidemiological and experi-
mental study.

The weak association between selenium and AAT can
be explained by the previous finding that selenium-
enriched yeast supplementation significantly decreased
AAT concentrations in individuals with prostate cancer.’’
However, in animal models, an increase in AAT has been
observed with selenomethylselenocysteine supplementa-
tion; the increase depended on the intake duration and
dose of the supplement.*® Kelly et al*’ demonstrated that
in a cellular model, selenoprotein P downregulated nu-
merous markers induced by the Z variant of AAT. The
weak association observed in this study may be the con-
sequence of the small sample size and the diversity of
causes of persistent diarrhea; thus, this weak association
must be confirmed in a larger cohort study.

Conclusion and limitations

In this study, which investigated a limited number of In-
donesian children with persistent diarrhea, we found that
a decrease in plasma selenium concentration was weakly
associated with an increase in stool AAT concentrations.
By contrast, given the high plasma selenium in children
without diarrhea, GPX activity remained within the nor-
mal range. Finally, because of the small sample size, it
was not possible to separately analyze the plasma seleni-
um status and its association with AAT in subgroups of
children defined according to the causes of persistent di-
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Figure 1. The vicious cycle of persistent diarrhea - protein-losing enteropathy — malnutrition.

arrhea. In particular, the persistence of fecal fungi re-
quires that hey be characterised. Therefore, these results
must be confirmed in a larger cohort study to appropriate-
ly evaluate the effect of the selenium status and its asso-
ciation with AAT first in children grouped according to
the different causes of persistent diarrhea (enteropathogen
infections, intestinal inflammation, malabsorption, and
malnutrition) and second in the population living in coun-
tries with a differential selenium status.
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