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Abstract
Objective The association between heart failure (HF) and intestinal inflammation caused by a disturbed intestinal 
microbiota in infants with congenital heart disease (CHD) was investigated.

Methods Twenty infants with HF and CHD who were admitted to our hospital between October 2021 and March 
2022 were included in this study. Twenty age- and sex-matched infants without HF at our hospital were selected as 
the control group. Faecal samples were obtained from each participant and analysed by enzyme-linked immunoassay 
and 16 S rDNA sequencing to assess intestinal inflammatory factors and the microbiota.

Results The levels of intestinal inflammatory factors, including IL-1β, IL-4, IL-6, IL-17 A and TNF-α, were greatly 
increased, while the levels of IL-10 were significantly decreased in the HF group compared to the control group 
(p < 0.05). The intestinal microbial diversity of patients in the HF group was markedly lower than that in the control 
group (p < 0.05). The abundance of Enterococcus was significantly increased in the HF group compared to the control 
group (p < 0.05), but the abundance of Bifidobacterium was significantly decreased in the HF group compared to 
the control group (p < 0.05). The diversity of the intestinal microbiota was negatively correlated with the levels of 
IL-1β, IL-4, IL-6 and TNF-α in the intestinal tract but was positively correlated with that of IL-10. The abundance of 
Enterococcus was positively associated with the levels of IL-1β, IL-4, IL-6 and TNF-α in the intestinal tract but was 
negatively correlated with that of IL-10. NT-proBNP was positively associated with the levels of IL-1β, IL-4, IL-6 and 
TNF-α in the HF group but was negatively correlated with that of IL-10. The heart function score was positively 
associated with the levels of IL-1β, IL-4, IL-6 and TNF-α in the HF group but was negatively correlated with that of IL-10.

Conclusions Infants with CHD-related HF had a disordered intestinal microbiota, decreased diversity of intestinal 
microbes, increased levels of pathogenic bacteria and decreased levels of beneficial bacteria. The increased 
abundance of Enterococcus and the significant decrease in the diversity of the intestinal microbiota may exacerbate 
the intestinal inflammatory response, which may be associated with the progression of HF.
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Introduction
Heart failure (HF) is a serious disease [1]. Because the 
pathophysiological mechanism of HF is very complex and 
includes haemodynamic abnormalities, cardiac remod-
elling, inflammation, and activation of the neuroendo-
crine system [2], the mechanism of HF is not clear [3, 4]. 
With further research on HF, the pathogenesis of HF has 
changed from a “neurohumoural mechanism” to “neu-
rohumoural, immunological and multitarget regulatory 
mechanisms” [5]. Inflammation is an important factor 
that affects the pathogenesis of HF and is an important 
target for the treatment of HF [6, 7]. HF is considered 
a systemic inflammatory disease characterized by sig-
nificantly increased proinflammatory factor levels and 
reduced anti-inflammatory factor levels [8, 9]. The gut is 
an important source of these inflammatory factors.

The intestinal tract is composed of many microorgan-
isms and is the largest immune organ and endocrine 
system in the human body [10, 11]. HF caused by the 
redistribution of blood can cause oedema in the intes-
tinal wall and intestinal epithelial ischaemic damage, 
which leads to a disturbed intestinal microbiota and 
increased intestinal permeability. Therefore, additional 
inflammatory factors secreted by intestinal pathogenic 
bacteria enter the blood circulation, aggravating the sys-
temic inflammatory response and exacerbating the pro-
gression of HF.

Congenital heart disease (CHD) is the most common 
cause of HF in children [12]. HF in patients with severe 
CHD often occurs in infancy. To date, no study has exam-
ined the effect of intestinal inflammation on the progres-
sion of HF in infants with CHD. Therefore, we aimed 
to examine the association between HF and intestinal 
inflammation in infants with CHD. We hypothesized that 
HF in infants with CHD could lead to a disordered intes-
tinal microbiota, which could aggravate the intestinal 
inflammatory response. Moreover, intestinal inflamma-
tory factors entering the blood circulation aggravate the 
systemic inflammatory response and accelerate the pro-
gression of HF.

Methods
Research design
This study was designed to examine the association 
between HF and intestinal inflammation caused by a 
disturbance in the intestinal microbiota in infants with 
CHD. Left-to-right shunt CHD is the most common 
type of CHD, accounting for approximately 50 to 70% of 
CHD cases. Severe HF often leads to congestive HF in 
infants. Infants with left-to-right shunt CHD and con-
gestive HF were selected as the study subjects. This study 
was the first to examine the relationship between HF and 
intestinal inflammation in infants with CHD. Since no 
similar study has been performed, it was difficult to find 

adequate data in the literature for sample size calculation. 
Being an exploratory study, here the sample size could 
not be calculated. Twenty infants with HF and CHD who 
were admitted to our hospital between October 2021 and 
March 2022 were included in this study. Twenty age- and 
sex-matched infants without HF were selected as the 
control group. We used the modified Ross score and NT-
BNP to evaluate the severity of HF.

The inclusion criterion was HF caused by left-to-right 
shunt CHD. The exclusion criteria were as follows: (1) 
patients with other serious diseases, such as digestive 
tract malformation, kidney failure, or liver failure; (2) 
patients with digestive tract diseases, such as diarrhoea, 
constipation, or jaundice; (3) patients with infection or 
who were using antibiotics; and (4) patients whose par-
ents refused to participate in this study.

Faecal sample collection
Fresh faecal samples were obtained using a faecal collec-
tor and were transported in a liquid nitrogen tank. The 
faecal samples were stored in at − 80 ℃.

Experimental methods
16 S rDNA sequencing
Total genomic DNA samples were prepared with the 
M5635-02 OMEGA Soil DNA Kit (Omega Bio-Tek, Nor-
cross, GA). The extracted DNA was selected as a tem-
plate. PCR amplification of bacterial 16  S rRNA genes 
(V3–V4 region) was performed, and a PCR amplification 
library was subsequently constructed. A NovaSeq 6000 
SP Reagent Kit (500 cycles) from Suzhou PANOMIX Bio-
medical Tech Co., Ltd., was used for sequencing on the 
Illumina NovaSeq platform. The sequence data were ana-
lysed by using the QIIME2 and R packages (v3.2.0).

Enzyme-linked immunosorbent assay (ELISA) analysis of 
intestinal inflammatory factors
Intestinal inflammatory factor levels were measured with 
ELISA kits. Human interferon IL-1β, IL-4, IL-5, IL-6, 
IL-8, IL-10, IL-12, IL-17  A, IFN-α, IFN-γ, and TNF-α 
ELISA kits were used to determine the levels of IL-1β, 
IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, IL-17 A, IFN-α, IFN-γ 
and TNF-α, respectively, in the faecal samples.

The faecal samples were maintained at 2–8  °C after 
being thawed. PBS (pH 7.4) was added, and the samples 
were homogenized by hand or with grinders and cen-
trifuged for 20 min at 2000–3000 r.p.m, after which the 
supernatant was removed. After packaging, one aliquot 
was tested, and the rest was frozen for later use. Standard 
and test sample wells were established, and 50 µl of the 
standard was added to the standard wells. Blank wells 
were also established for comparison. Neither the sam-
ple nor the HRP-conjugated reagent was added to these 
wells; otherwise, these wells were subjected to the same 
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process. In total, 10  µl of the test sample was added to 
40 µl of solution in each test sample well (the final dilu-
tion was 5-fold) without touching the well wall; the sam-
ple was then gently mixed.

Next, 100 µl of HRP-conjugated reagent was added to 
each well except for the blank wells. The plate was sealed 
with a membrane and incubated for 60 min at 37 °C. The 
plate was then uncovered, the liquid was discarded, the 
plate was air dried, and wash buffer (a wash solution 
diluted 20-fold in distilled water) was added to each well. 
After 30 s, the wells were drained, and the wash step was 
repeated 5 times before the plate was patted dry.

Chromogen Solution A (50  µl) and Chromogen Solu-
tion B were added to each well, and the plate was pro-
tected from light for 15  min at 37  °C. The reaction was 
stopped by adding 50  µl of a stop solution to each well 
(the blue colour changed to yellow). A blank well was 
used to zero the analyser, and the absorbance was mea-
sured at 450 nm within 15 min of adding the stop solu-
tion. The levels of intestinal inflammatory factors were 
calculated by comparing the OD450 values of the sam-
ples to a standard curve.

Cardiac function scores of infants
Cardiac function was assessed using the modified Ross 
scale. There were 6 score indicators: the participant’s 
sweating position, frequency of rapid breathing, breath-
ing condition, respiratory rate, heart rate and liver size. 
Each item was scored as 0, 1 or 2 according to the sever-
ity of symptoms from mild to severe. A higher score 
indicated more severe HF. A total score of 0 ~ 2 indicated 
“no HF”; a total score of 3–6 indicated “mild HF”; a total 
score of 7–9 indicated “moderate HF”; and a total score 
of 10 to 12 indicated “severe HF [13].”

Statistical analysis
SPSS 25.0 was used to perform the statistical analysis. 
Categorical variables were compared by Fisher’s exact 
test. Comparisons between groups of continuous vari-
ables with a normal distribution deviation were per-
formed with the T test. Continuous variables without a 
normal distribution deviation were compared with the 

Mann‒Whitney U test. Pearson’s test was used for cor-
relation analysis between two variables.

Results
A total of 20 HF infants with CHD were enrolled in this 
study. There were 11 males and 9 females aged 3.4 ± 3.8 
months with a pulmonary artery pressure of 53.5 (24–85) 
mmHg, an NT-BNP of 5901 (596-12256), and a modified 
Ross score of 7.5 (5–11). In the control group, there were 
12 males and 10 females aged 3.1 ± 1.9 months and with a 
weight of 5.4 ± 1.4 kg (Table 1).

A comparison of intestinal inflammatory factor levels 
between the two groups revealed that the levels of IL-1β, 
IL-4, IL-6, IL-17  A and TNF-α in the HF group were 
much higher than those in the control group (p < 0.05), 
whereas the level of IL-10 in the HF group was lower 
than that in the control group (p < 0.05) (Table 2).

The intestinal microbiota data suggested that the intes-
tinal diversity of patients in the HF group was lower than 
that of patients in the control group (p < 0.05) (Fig. 1). The 
abundance of Enterococcus was greatly increased, while 
that of Bifidobacterium was significantly decreased in 
the HF group compared to the control group (p < 0.05) 
(Fig. 2).

The diversity of the intestinal microbiota was nega-
tively correlated with the levels of IL-1β, IL-4, IL-6 and 
TNF-α in the intestinal tract but was positively correlated 
with the level of IL-10 (Fig. 3a and b). The abundance of 
Enterococcus was positively associated with the levels of 
IL-1β, IL-4, IL-6 and TNF-α in the intestinal tract but 
was negatively correlated with the level of IL-10 (Fig. 4).

Correlation analysis between the severity of HF and 
the levels of intestinal inflammatory factors revealed that 
NT-proBNP was positively associated with the levels of 
IL-1β, IL-4, IL-6 and TNF-α in the HF group but was 
negatively correlated with the level of IL-10 (Fig. 5). The 
cardiac function score was positively correlated with the 
levels of IL-1β, IL-4, IL-6 and TNF-α in the HF group but 
was negatively correlated with the level of IL-10 (Fig. 6).

Table 1 Comparison of general data between the two groups
Heart failure 
group

Control 
group

P 
value

Age (month) 3.4 ± 2.8 3.1 ± 1.9 0.724
Male/female 11/9 10/10 0.752
Weight (kg) 4.5 ± 2.0 5.4 ± 1.4 0.105
Pulmonary arterial pressure 
(mmHg)

53.5 (24–85)

NT-proBNP 5901 
(596−12,256)

Cardiac function score 7.5 (5–11)

Table 2 Comparison of intestinal inflammatory factors between 
the two groups

Heart failure group Control group P value
IL−1ß 93.87 ± 10.11 80.72 ± 10.67 0.001
IL−4 52.06 ± 2.63 47.12 ± 6.25 0.002
IL−5 91.85 ± 9.99 86.89 ± 15.98 0.247
IL−6 62.88 ± 5.39 55.21 ± 10.93 0.008
IL−8 215.83 ± 14.84 201.21 ± 34.05 0.086
IL−10 767.68 ± 84.51 823.54 ± 67.44 0.026
IL−12 37.26 ± 3.88 36.04 ± 7.69 0.530
IL−17 A 31.64 ± 3.11 28.85 ± 4.40 0.026
IFN-α 44.72 ± 4.38 44.41 ± 4.68 0.685
IFN-γ 973.87 ± 116.27 941.25 ± 212.03 0.557
TNF-α 79.01 ± 6.41 72.91 ± 10.67 0.034
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Fig. 3 a, b The diversity of the intestinal microbiota was negatively correlated with the levels of IL-1β, IL-4, IL-6 and TNF-α in the intestinal tract but was 
positively correlated with the level of IL-10

 

Fig. 2 The abundance of Enterococcus was significantly increased in the heart failure group compared to the control group, but the abundance of Bifido-
bacterium was significantly decreased in the heart failure group compared to the control group

 

Fig. 1 The intestinal diversity of patients in the heart failure group was significantly lower than that of patients in the control group
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Discussion
HF is characterized by reduced cardiac output and an 
inadequate supply of effective circulating blood, which 
leads to the hypoperfusion of tissues and organs [14]. The 
intestinal tract is the first organ to undergo ischaemia and 
the last organ to recover during HF [15]. Ischaemia and 
congestion caused by a reduced intestinal oxygen supply 
can result in a range of metabolic disorders and micro-
bial disturbances. The disordered intestinal microbiota 
in HF patients is mainly characterized by an increase in 
pathogenic bacteria and a decrease in beneficial bacte-
ria, which aggravate the intestinal inflammatory reaction 
and increase the levels of intestinal inflammatory factors 
and toxin secretion [16–18]. Our previous study revealed 
that heart failure in infants with congenital heart dis-
ease dysregulated the intestinal microbiota, which was 
characterized by an increase in pathogenic bacteria, a 
decrease in beneficial bacteria, and decreases in diversity 
and richness [19]. This study further examined the rela-
tionship between heart failure and intestinal inflamma-
tion in infants with CHD. In addition to revealing similar 
changes in the intestinal microbiota, this study further 
revealed that a decrease in the diversity of the intestinal 
microbiota and an increase in the abundance of Entero-
coccus were significantly correlated with an increase in 
intestinal inflammatory factor levels.

Numerous factors can cause the intestinal mucosal bar-
rier to be disrupted during HF [20]. Decreased cardiac 
output and gastrointestinal blood hypoperfusion during 

HF can lead to intramucosal acidosis and intestinal wall 
oedema. An increase in pathogenic bacteria in the gut 
can damage the intestinal mucosal barrier. An increase 
in inflammation and toxins in the gut can also disrupt 
the intestinal barrier. Damaging the intestinal mucosal 
barrier increases intestinal permeability, and intestinal 
inflammatory factors enter the blood circulation through 
the intestinal barrier, which triggers or exacerbates the 
systemic inflammatory reaction and exacerbates the pro-
gression of HF [21]. This can create a vicious cycle.

This study was the first to examine the relationship 
between HF and intestinal inflammation in infants with 
CHD. Our study revealed that the levels of the intesti-
nal inflammatory factors IL-1β, IL-4, IL-6, IL-17  A and 
TNF-α were markedly increased in the HF group, while 
the level of IL-10 was significantly decreased in the HF 
group. Inflammatory factors determine the pathogen-
esis of HF. Studies have shown that proinflammatory 
factors, including IL-1β, IL-4, IL-6, IL-17 A and TNF-α, 
have harmful effects on the heart [22, 23]. Inflammatory 
factors such as IL-1β, IL-6 and TNF-α downregulate the 
expression of Ca2+-regulating genes, thereby changing 
intracellular Ca2+ homeostasis, which can cause a nega-
tive inotropic effect, ultimately resulting in overt HF [24, 
25]. Moreover, TNF-α, IL-1β and IL-6 can directly pro-
mote cardiomyocyte hypertrophy [26]. Increasing evi-
dence suggests that TNF-α and IL-1β can affect cardiac 
function by inducing cardiomyocyte apoptosis [27, 28]. 
Studies have shown that IL-10 can inhibit the production 

Fig. 6 The cardiac function score was positively correlated with the levels of IL-1β, IL-4, IL-6 and TNF-α in the heart failure group but was negatively cor-
related with the level of IL-10

 

Fig. 5 NT-proBNP was positively correlated with the levels of IL-1β, IL-4, IL-6 and TNF-α in the heart failure group but was negatively correlated with the 
level of IL-10

 

Fig. 4 The abundance of Enterococcus was positively correlated with the levels of IL-1β, IL-4, IL-6 and TNF-α in the intestinal tract but was negatively cor-
related with the level of IL-10
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of the proinflammatory factor TNF-α and prevent TNF-
α-induced apoptosis [29]. Our study showed that the 
intestinal proinflammatory factors IL-1β, IL-4, IL-6, 
IL-17  A and TNF-α were robustly increased in infants 
with HF and CHD, while the anti-inflammatory factor 
IL-10 was significantly decreased. Therefore, we hypoth-
esize that the intestinal barrier is damaged after HF and 
that the amount of intestinal proinflammatory factors 
entering the circulation is increased, which exacerbates 
the systemic inflammatory response and the progression 
of HF.

Correlation analysis between the level of intestinal 
inflammatory factors and the severity of HF showed that 
the levels of IL-1β, IL-4, IL-6 and TNF-α were positively 
correlated with NT-proBNP and the cardiac function 
score, which indicated that the increase in intestinal pro-
inflammatory factors promoted the progression of HF 
and aggravated the severity of HF. We hypothesize that 
when HF occurs, intestinal inflammatory factor levels 
increase, and the intestinal barrier breaks down; subse-
quently, proinflammatory factors enter the circulation 
through the intestine, which may be associated with the 
progression of HF.

Limitations
The results observed in this study might have been 
affected by the age of the patients, the type of HF, the 
single-centre nature of the study, the sample size, and 
the different feeding methods used. Overall, these factors 
demand further studies to assess their influence on the 
results, and we will further clarify and avoid the influence 
of these factors in future studies.

Conclusions
Infants with CHD-related HF had a disordered intestinal 
microbiota, decreased diversity of the intestinal micro-
biota, increased abundance of pathogenic bacteria and 
decreased abundance of beneficial bacteria. An increase 
in the abundance of Enterococcus and a decrease in the 
diversity of the intestinal microbiota significantly aggra-
vated the intestinal inflammatory response, which may 
be associated with the progression of HF. Reducing the 
systemic inflammatory response by reducing intestinal 
inflammation may be a new direction in the treatment of 
HF.
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