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Background: Non-infectious diarrhea is a common symptom in infants and young children. We aimed to 
analyze the intestinal flora and serum inflammatory cytokine levels of children with non-infectious diarrhea.
Methods: Eighty-nine children with non-infectious diarrhea and 76 healthy children were enrolled from 
the First Affiliated Hospital of Hainan Medical University between February 2017 and June 2020. Fecal 
bacterial samples were collected in sterile containers. Following serial dilution, the bacterial samples were 
cultured in an aerobic medium to cultivate Escherichia coli (E. coli), Enterococci, Lactobacilli, and Bifidobacteria. 
The levels of inflammatory cytokines in the serum, including interleukin (IL)-2, IL-8, IL-10, and tumor 
necrosis factor-alpha (TNF-α), were determined by enzyme-linked immunosorbent assay. Results between 
the groups were compared using the paired t-test. The chi-square test was employed to analyze categorical 
data, with analysis of variance used for multiple-group comparisons.
Results: No significant differences were observed between the diarrhea and control groups in terms of sex, 
age, or body mass index distribution. Compared to the control group, the diarrhea group had significantly 
elevated levels of E. coli and Enterococci but significantly decreased levels of Bifidobacteria and Lactobacilli. In 
terms of inflammatory cytokines, the levels of IL-2, IL-8, IL-10, and TNF-α were significantly higher in the 
diarrhea group than in the control group (all P<0.05). In children with non-infectious diarrhea, the levels 
of IL-2, IL-8, IL-10, and TNF-α were positively correlated with the amount of E. coli (r values of 0.412, 
0.381, 0.479, and 0.216, respectively) and Enterococci (r values of 0.257, 0.336, 0.357, and 0.328). Further, 
the amount of Lactobacilli was positively correlated with IL-2 and IL-10 levels (r values of 0.342 and 0.438, 
respectively), and that of Bifidobacteria was negatively correlated with IL-2, IL-8, IL-10, and TNF-α levels  
(r values of −0.252, −0.336, −0.328, and −0.293, respectively). Finally, the level of Lactobacilli was also 
negatively correlated with IL-8 and TNF-α levels (r values −0.301 and −0.464, respectively; both P<0.05). 
Conclusions: The abundance and abnormality of E. coli, Enterococci, Lactobacilli, and Bifidobacteria in the 
intestinal flora of children with non-infectious diarrhea are associated with increased levels of IL-2, IL-8,  
IL-10, and TNF-α.
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Introduction

Diarrhea is a major cause of infant and child morbidity and 
death, and poses a major threat to children, especially in 
developing countries (1). Various factors and pathogens can 
trigger the occurrence of diarrhea, the clinical features of 
which include the frequent passing of watery stools leading 
to dehydration and electrolyte imbalance (2). Depending on 
the disease course, diarrhea can be divided into 3 categories 
(acute, persistent, and chronic), and it can also be classified 
as infectious and non-infectious based on the etiology (3). 

Due to their immature digestive system, low gastric acid 
level, and digestive enzyme activity, as well as their limited 
ability to adapt to changes in diet, infants and young children 
are susceptible to the occurrence of non-infectious diarrhea 
(4,5). Moreover, as children have a fast growth rate and high 
nutritional requirements, their digestive organs are frequently 
in a tense state (6). For these reasons, children are prone to 
developing digestive disorders. Furthermore, digestive and 
absorption dysfunction in infants can increase the pressure in 
the intestinal cavity, inducing diarrhea (7). Chronic diarrhea 
in infants is often associated with congenital or genetic 
factors; for instance, allergic diarrhea is caused by allergies 
to a certain food ingredient, and malabsorption diarrhea is 
caused by lack of a particular enzyme (8).

The intestinal flora and inflammatory cytokines in the 
serum have been shown to play an important role in the 
pathogenesis of diarrhea (9). Currently, the clinical objective 
of treatment for non-infectious diarrhea is symptomatic 
relief (10). After a clinical diagnosis of non-infectious 
diarrhea, the doctor may request that a stool sample from 
the patient undergo microscopic examination to detect 
bacteria, parasites, or other microorganisms. Patients with 
no evidence of infectiousness after antigen testing and 
microscopic examination are generally diagnosed with 
non-infectious diarrhea (11). In a standard laboratory, the 
diagnosis of diarrhea relies on the use of a microscope, 
antigen detection, and culture of relevant bacteria, which 
can be both time-consuming and labor-intensive, and is 
typically associated with low detection efficiency.

According to the genetic basis and other pathophysiological 
characteristics of non-infectious diarrhea, stool analysis 
and serum testing can aid doctors in the evaluation 
and treatment management of children with diarrhea. 
Therefore, in this study, we aimed to evaluate the changes 
in the intestinal flora and serum inflammatory cytokine 
levels of children with non-infectious diarrhea, with a view 
to improving the diagnostic and treatment efficiency for 
such patients. 

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tp-21-168).

Methods

Research participants

This study enrolled 89 children with non-infectious diarrhea 
and 76 healthy children in the First Affiliated Hospital of 
Hainan Medical University between February 2017 and 
June 2020. The 86 boys and 79 girls participating in the 
study ranged in age from 4 months to 7 years old. The 
inclusion criteria included: (I) a diagnosis of non-infectious 
diarrhea; (II) bowel movements >5/day; (III) a change in 
stool characteristics determined based on the child’s medical 
history, clinical manifestations, and related factors. The 
exclusion criteria were: (I) a diagnosis of infectious diarrhea; 
(II) severe vomiting, diarrhea, and dehydration; (III) severe 
organic diseases or other infectious diseases. All procedures 
performed in this study involving human participants were 
in accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by the Ethics Committee of 
the First Affiliated Hospital of Hainan Medical University 
(NO.: 2017021) and informed consent was taken from all 
the patients.

Data collection

Fecal bacterial samples from the children were collected in 
sterile containers. Following serial dilution, the samples were 
cultured in an aerobic medium to cultivate Escherichia coli  
(E. coli) and Enterococci. An anaerobic medium was also used 
to cultivate Lactobacilli and Bifidobacteria. After incubation 
for 3 days at 37 ℃, the colonies were counted and recorded 
as the logarithm of colony-forming units (CFUs)/gram of 
wet fecal weight. The levels of the inflammatory cytokines 
interleukin (IL)-2, IL-8, IL-10, and tumor necrosis factor-
alpha (TNF-α) in the serum were determined by enzyme-
linked immunosorbent assay (ELISA) (Abcam, UK).

Statistical analysis

SPSS 17.0 software (SPSS Corporation, Chicago, Illinois, 
USA) was used for data analysis. All measurements were 
represented by mean ± standard deviation. Results between 
the groups were compared using the paired t-test. The chi-
square test was employed to analyze categorical data, with 
analysis of variance used for multiple-group comparisons. 
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P<0.05 showed a statistically significant difference.

Results

Comparison of basic data between the diarrhea group and 
the control group

The average age of the study participants was 3.47±1.89 years 
old and the average BMI was 24.15±1.12 kg/m2. As shown in 
Table 1, no significant difference existed between the groups 

in terms of sex, age, or BMI (all P>0.05).

Comparison of the intestinal flora between the diarrhea 
group and the control group

Examination of the intestinal flora samples revealed 
7.2±0.3 and 9.1±0.5 (log CFU/g) of E. coli, 5.8±0.2 and 
7.6±0.4 (log CFU/g) of Enterococci, 8.0±0.7 and 5.6± 
0.2 (log CFU/g) of Bifidobacteria, and 7.6±0.3 and 5.8± 
0.3 (log CFU/g) of Lactobacilli in the diarrhea group and the 
control group, respectively. Compared to the control group, 
the diarrhea group had significantly lower levels of E. coli and 
Enterococci, but significantly higher levels of Bifidobacteria and 
Lactobacilli (all P<0.05), as shown in Figure 1.

Comparison of serum inflammatory cytokine levels 
between the diarrhea and control groups

The levels of inflammatory cytokines in the participants’ 
serum were also analyzed. In the diarrhea group, the serum 
levels of IL-2, IL-8, IL-10, and TNF-α were 82.1±9.4, 
59.1±4.4, 51.3±5.4, and 60.5±6.5 pg/mL, respectively. In 
the control group, the serum levels of IL-2, IL-8, IL-10, 
and TNF-α were 17.8±2.6, 23.1±2.6, 29.1±5.1, and 10.1± 
1.8 pg/mL, respectively. As visualized in Figure 2, the 
diarrhea group had significantly higher levels of IL-2, IL-8, 
IL-10, and TNF-α than the control group (all P<0.05).

Relationship between the abundance of different bacteria 
and serum inflammatory cytokine levels in children with 
non-infectious diarrhea

Analysis of the intestinal flora and serum inflammatory 
cytokine levels of children with non-infectious diarrhea 
revealed that the levels of IL-2, IL-8, IL-10, and 
TNF-α were significantly positively correlated with the 
abundance of E. coli (r value: 0.412, 0.381, 0.479, and 
0.216, respectively) and Enterococci (r value: 0.257, 0.336, 
0.357, and 0.328, respectively). Furthermore, significant 
positive correlations were found between the abundance 

Table 1 Comparison of basic data between the diarrhea group and the control group

Groups Cases Male, n (%) Age (year) BMI (kg/m2)

Diarrhea group 89 49 (55.1) 3.47±1.89 24.15±1.12

Control group 76 37 (48.7) 3.96±1.81 26.28±1.28

P value 0.078 0.081 0.062

Figure 1 Comparison of the intestinal flora between the diarrhea 
group and the control group (*P<0.05).
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Figure 2 Comparison of serum inflammatory cytokine levels 
between the diarrhea group and the control group (*P<0.05).
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of Lactobacilli and the levels of IL-2 and IL-10 (r value: 
0.342 and 0.438, respectively), whereas significant negative 
correlations existed between the abundance of Bifidobacteria 
and the levels of IL-2, IL-8, IL-10, and TNF-α (r value: 
−0.252, −0.336, −0.328 and −0.293, respectively). Finally, 
the abundance of Lactobacilli was also negatively correlated 
with the levels of IL-8 and TNF-α (r value: −0.301 and 
−0.464, respectively) (all P<0.05), as shown in Table 2.

Discussion

It has been estimated that the human digestive tract contains 
hundreds of bacteria and that there are thousands of 
microorganisms in every gram of feces, including anaerobic, 
facultative anaerobes, and aerobic bacteria (12). The human 
intestinal flora typically forms between 1 and 2 years after 
birth, and its normal development is essential for intestinal 
function and human health (13). Imbalance of the intestinal 
flora can stimulate the release of inflammatory cytokine, 
which is harmful (14). Research has found that intestinal 
diseases are tightly associated with intestinal microecology, 
and increasing attention has been paid to the effects of 
intestinal flora imbalance on the progression of intestinal 
diseases (15). Most microorganisms in the small intestine 
are gram-positive cocci and rod-shaped bacteria, which are 
extremely important for intestinal functional maintenance; 
however, their excessive growth can lead to intestinal 
problems (16). Anaerobic bacteria, including bacillus and 
bifidobacterium (17), are major players in the human large 
intestine. This study has demonstrated that the E. coli and 
Enterococci in children with non-infectious diarrhea were 
significantly increased, while those of Bifidobacteria and 
Lactobacilli were significantly reduced. Therefore, children 
with non-infectious diarrhea can develop intestinal flora 
imbalance, with a decreased level of probiotics and an 
increased level of harmful bacteria.

Reports have suggested that the effectiveness of 

interventional treatment for intestinal diseases can be 
enhanced by regulating the intestinal flora and serum 
inflammatory cytokine levels (18,19). Pro-inflammatory and 
anti-inflammatory cytokines both play important roles in 
the pathogenesis of intestinal diseases. Studies have shown 
increased levels of IL-2, IL-6, and IL-8 in mice with small 
bowel diseases (20). Furthermore, after treatment with 
probiotics, the expression level of the above-mentioned 
inflammatory cytokine (IL-2, IL-6, and IL-8) was down-
regulated, and the inflammation of the intestinal mucosa 
was also reduced (21). A large cross-sectional study in the 
United Kingdom showed that different expression levels 
of serum inflammatory cytokines can distinguish between 
infectious and non-infectious diarrhea (22). IL-2, IL-8, 
TNF-α, and other inflammatory cytokines are considered 
to be the key proinflammatory factors participating in 
the mediation of the occurrence and development of 
inflammation in the body (23). Changes in the expression 
levels of IL-8 at different stages of diarrhea can also be 
useful for determining the prognosis (24-26). In this study, 
the levels of IL-2, IL-8, IL-10, and TNF-α in the serum 
of children with non-infectious diarrhea were significantly 
higher than those in the control group, suggesting that 
the abundance of these inflammatory cytokines might be 
associated with the progression of non-infectious diarrhea. 

The tight relationship between the intestinal flora and 
inflammatory cytokines has been extensively studied, and 
it is now understood that intestinal diseases can be treated 
more effectively through alterations to the intestinal flora. 
One study analyzed the correlation between inflammation 
and the intestinal flora of patients with Crohn’s disease, 
and found that the levels of inflammatory cytokines are 
closely related to the intestinal flora (27). The present study 
showed that E. coli and Enterococci are positively correlated 
with the levels of serum IL-2, IL-8, IL-10, and TNF-α in 
children with non-infectious diarrhea, while Bifidobacteria 
and Lactobacilli are negatively associated with the levels of 

Table 2 Correlation between the abundance of different bacteria and serum inflammatory cytokine levels in children with non-infectious diarrhea

Bacterial
IL-2 IL-8 IL-10 TNF-α

r P value r P value r P value r P value

E. coli 0.412 0.007 0.381 0.03 0.479 0.001 0.216 0.002

Enterococci 0.257 0.006 0.336 0.008 0.357 0.002 0.328 0.004

Bifidobacteria −0.252 0.01 −0.336 0.002 −0.328 0.009 −0.293 0.006

Lactobacilli 0.342 0.003 −0.301 0.007 0.438 0.002 −0.464 0.003
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these cytokines. The results therefore suggest that altering 
the intestinal flora may influence the secretion of certain 
inflammatory cytokines in the body. 

This study has a number of limitations. Firstly, we did 
not evaluate the interactions of these three bacterial (E. 
coli, Enterococci, Bifidobacteria, and Lactobacilli) abundances 
in healthy individuals. Further, the method of using 
simple agar-cultured microbiota in this study also needs 
improvement. Our preliminary findings have shown that 
there is a correlation between intestinal bacteria and 
inflammatory cytokines, which is consistent with the results 
of previous studies on osmotic diarrhea in which alterations 
in cytokine levels were found to affect the long-lasting IgG 
antibacterial response (28). Therefore, multiple factors may 
have the potential to serve as a diagnostic biomarker of 
non-infectious diarrhea. However, the levels of cytokines 
detected in the serum may also reflect inflammation beyond 
the local area. Therefore, we believe that a large number of 
bacteria may induce the release of systemic proinflammatory 
cytokines, and the underlying mechanism remains to be 
explored in future investigations.

In summary, we have demonstrated that changes 
and abnormalities of E. coli, Enterococci, Lactobacilli, and 
Bifidobacteria in the intestinal flora of children with non-
infectious diarrhea are related to increased levels of IL-2, 
IL-8, IL-10, and TNF-α.
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