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Background: The clinical features and prognosis of intussusception in children vaccinated against rotavirus 
were undefined. Hence, we conducted the study to explore the clinical characteristics and outcomes of 
primary intussusception patients who received rotavirus vaccine. 
Methods: A single-center retrospective study was performed in 327 primary intussusception patients 
between January 2019 and December 2021. Of these, 168 were vaccinated against rotavirus and 159 were 
not, the latter serving as the control group. Data on patients’ clinical characteristics, commonly used 
inflammatory biomarkers, treatment, and outcomes were collected and evaluated.
Results: Most of the vaccination group received pentavalent rotavirus vaccine produced by Merck, USA 
(89.88%). There were no differences in demographic characteristics, time from onset to hospital attendance, 
clinical symptoms and signs between the vaccination group and the control group. The success rate of air 
enema reduction in the vaccination group was higher than that in the control group (98.21% vs. 88.68%, 
q=0.01). The vaccination group had lower rates of surgery and complication (1.79% vs. 11.32%, q=0.008; 
2.98% vs. 12.58%, q=0.006). Both platelet-lymphocyte ratio (PLR) and C-reactive protein (CRP) levels were 
lower in the vaccinated group (q=0.02, q=0.004). Higher CRP level [odds ratio (OR): 1.635; 95% confidence 
interval (CI): 1.248–2.143; P=0.006] and the longer time from onset to hospital attendance (OR: 3.040; 95% 
CI: 2.418–12.133; P=0.01) were associated with increased adverse events. Rotavirus vaccination (OR: 0.527; 
95% CI: 0.103–0.751; P=0.02) was associated with a reduction in the probability of adverse events.
Conclusions: Adverse events such as surgery and complications were lower in the vaccination group. 
Rotavirus vaccination was an independent protective factor for adverse events in patients with primary 
intussusception.
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Introduction

Intussusception is one of the most common causes of 
acute bowel obstruction in infants and young children, 
with abdominal mass, bloody stool, and abdominal pain 
as the classic triad of clinical presentation (1). Ileocolic 
intussusception is the most common type, and approximately 
90% of cases are idiopathic (1,2). Air enema reduction is the 
first-line treatment for intussusception, with success rates 
ranging from 60% to 90% (1). Surgery is needed when air 
enema fails, or when intestinal perforation and necrosis are 
suspected. It has been demonstrated that longer duration of 
symptoms, bloody stool and younger age were risk factors 
for enema failure (3). 

For most intussusception cases, the cause is unknown. 
Some cases are caused by anatomical lead points. Studies 
(4-6) have linked gastroenteritis with an increased risk of 
intussusception. Rotavirus is the most common pathogen 
causing acute gastroenteritis. Rotavirus vaccine has been 
widely used in the prevention and control of rotavirus-
associated gastroenteritis (7). Since 1999, when the 
first-generation rotavirus vaccine (RotaShield, Wyeth 
Laboratories, Marietta, Pennsylvania) was linked to 

a risk of intussusception following immunization (8), 
whether rotavirus vaccination increased the incidence of 
intussusception has attracted great attention (9-11).

The second-generation rotavirus vaccines [Rotateq (RV5) 
and Rotarix (RV1)] are recommended as a routine vaccine 
by the World Health Organisation (WHO) (12). RV5 
produced by Merck, USA and the Lanzhou lamb rotavirus 
vaccine (LLR) produced by Lanzhou Institute of Biological 
Products in China was launched in China in 2000 and 2018 
respectively. LLR is a single rotavirus strain G10P[15], and 
can stimulate the body to produce immunity to group A 
rotaviruses. LLR is mainly used in children between the 
age of 2 months and 3 years. It is taken orally once a year. 
RV5 is a multi-strain bovine-human reassortant, and can 
express the VP7 protein (G1, G2, G3, G4, G6) and the VP4 
protein (P7[5], P1A[8]). RV5 is used to prevent rotavirus 
gastroenteritis in young children caused by serotypes G1, 
G2, G3, G4, and G9 (13). RV5 is administered orally with 
a total of three doses. The first dose is administered at  
6–12 weeks of age. The interval of each dose is 4-10 weeks. 
The third dose should be administered no later than  
32 weeks of age. A recent study (14) suggested that 
including RV5 in the national immunization programs (NIP) 
would reduce 62.6% of the total rotavirus gastroenteritis 
cases and 72.6% of the deaths. LLR through the NIP would 
avert 20.3% of rotavirus gastroenteritis cases and 22.4% of 
deaths. These results implied lower efficacy of LLR. Both 
LLR and RV5 are self-funded. RV5 is more expensive than 
LLR in China (900 RMB for three doses vs. 576 RMB for 
three doses). They can be available at preventive health 
care facilities. Parents choose to vaccinate their children 
voluntarily and pay for the vaccination.

Previous studies (8,12,15) have linked rotavirus 
vaccination to a small increased risk of intussusception. 
However, a growing number of studies have found 
that the incidence of intussusception does not increase 
after the introduction of rotavirus vaccine (2,7,16-18). 
Increasing evidence (19) suggested an overall reduction in 
intussusception in the first 12 months of life when early, 
high rotavirus vaccine coverage was achieved. Rotavirus 
vaccine coverage in Chengdu from 2019 to 2021 was 
38.44%, 40.02% and 39.13%, respectively (Data provided 
by Chengdu Center for Disease Control and Prevention). 
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• Rotavirus vaccination was an independent protective factor for 
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outcomes and lower rates of surgery and complications.
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The clinical features and prognosis of intussusception 
in children vaccinated against rotavirus remain largely 
undefined. Hence, we conducted the study to elucidate 
the clinical characteristics and outcomes of primary 
intussusception children with rotavirus vaccination. We 
present this article in accordance with the STROBE 
reporting checklist (available at https://tp.amegroups.com/
article/view/10.21037/tp-24-109/rc).

Methods

Study design and participants

This study was a single-center retrospective study. 
Children diagnosed with idiopathic intussusception 
for the first time without pathologic lead points were 
defined as primary intussusception (20,21). We focused 
on primary intussusception, as it was the most common 
type. We reviewed the medical records of pediatric patients  
(<18 years of age) with primary intussusception admitted 
to the Chengdu Women’s and Children’s Central Hospital 
(Sichuan, China), during the 3-year period from January 
2019 to December 2021. Inclusion criteria were as follows: 
(I) age under 18 years old; (II) ultrasound diagnosis of 
intussusception. Ultrasound results were reviewed by senior 

pediatric ultrasound physicians (an attending physician and 
an associate chief physician); (III) treated in our hospital; 
(IV) clinical data were complete; (V) first occurrence 
of primary intussusception. Exclusion criteria were as 
follows: (I) age older than 18 years old; (II) recurrent 
intussusception; (III) intussusception with pathological 
cause; (IV) not treated in our hospital; (V) incomplete 
clinical data. This study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). This study 
was approved by the Ethics Committee of the Chengdu 
Women’s and Children’s Central Hospital [No. 2019 (6)],  
and written informed consent was obtained from the 
parents or legal guardians of the children. 

The flow chart is shown in Figure 1 .  A total of  
361 cases of intussusception were recorded over the 
3-year period. Clinical data were incomplete in 7 (1.94%) 
cases. Pathological causes were found in 13 (3.60%) cases  
(7 intestinal polyps, 4 Meckel’s diverticulum, 2 intestinal 
duplicates). There were 21 (5.82%) cases of recurrent 
intussusception, of which 7 (1.94%) cases were patients with 
pathological intussusception mentioned above, and the cause 
of recurrence was unknown in the remaining 14 (3.88%) 
cases. Recurrent intussusception was defined as a subsequent 
intussusception after successful non-surgical or surgical 

Children with intussusception
January 1,  2019 to December 31,  2021, n=361

Exclusion criteria:
1. Age older than 18 years old (n=0)
2. Recurrent intussusception with 

pathological cause (n=7)
3. Recurrent intussusception of 

unknown cause (n=14)
3. First onset intussusception with 

pathological cause (n=6)
4. Not treated in our hospital (n=0) 
5. Incomplete clinical data (n=7)

Inclusion criteria:
1. Age under 18 years old
2. Ultrasound diagnosis of 

intussusception 
3. Treated in our hospital 
4. Clinical data were complete
5. Primary intussusception

n=327

Yes (n=168) No (n=159)

Administered with 
rotavirus vaccine

Figure 1 The flow chart of the cohort study.
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reduction of prior episode. Recurrent intussusception was 
a special group with complicated causes, mechanisms and 
outcomes. It has been reported that the longest interval 
between recurrence can be more than 5 years (22). This 
study excluded recurrent intussusception with low incidence 
and focused on idiopathic intussusception that occurred for 
the first time. At last, 327 primary intussusception patients 
were enrolled in this study. We divided the cohort into 
two groups based on whether they were vaccinated against 
rotavirus. The unvaccinated group was set up as the control 
group (n=159), and the clinical features and outcomes 
between the groups were compared.

In clinical practice of our hospital, the management 
of patients with intussusception followed the following 
standard protocol. Air enema reduction was firstly 
attempted, and if reduction failed, the patient was 
immediately transferred to manual surgical reduction. If 
intestinal necrosis was found during the operation, necrotic 
intestinal segment resection and anastomosis were required. 
For some patients with high suspicion of intestinal necrosis 
and perforation, such as peritonitis, surgery was first 
selected.

Two dedicated research staffs collected the data on 
patients’ sociodemography and clinical characteristics. 
Age, gender, place of residence, season, symptoms, signs, 
intussusception location, commonly used inflammatory 
biomarkers at visit [neutrophils, lymphocytes, platelets, 
C-reactive protein (CRP), neutrophil-lymphocyte ratio 
(NLR), platelet-lymphocyte ratio (PLR)], treatment, 
outcome were collected. Rotavirus vaccination information 
was collected from the Chengdu Center for Disease Control 
and Prevention. All data entry was double-checked. These 
data were used to analyze the clinical features of primary 
intussusception patients with rotavirus vaccination. We also 
analyzed the predictors of intussusception adverse events, 
hoping to provide guidance for clinical practice.

Definition

Abdominal pain was determined by subjective description in 
older children, especially those over 3 years old. In infants 
younger than 3 years old who could not express abdominal 
pain, abdominal pain was determined by medical history 
described by crying uneasiness and accompanying pale face, 
refusal to eat, and painful expressions. Complications were 
defined as the occurrence of intestinal necrosis, intestinal 
resection, and dehydration. Adverse events were defined as 
air enema failure, the need for surgical reduction, and the 

occurrence of complications.

Statistical analysis

Statistical analysis was performed using SPSS software 
version 23.0 (IBM Corp., Armonk, NY, USA). When 
the sample size was ≤50, Shapiro-Wilk test was used for 
normality test. When the sample size was >50, Kolmogorov-
Smirnov test was applied for normality analysis. The 
normally distributed continuous variable was presented 
as mean ± standard deviation (SD). The continuous 
variable that was not normally distributed was presented 
as median (interquartile range, IQR). Unpaired two-tailed 
t-test was used to compare continuous variables of normal 
distributions. Mann-Whitney U test was employed for 
the comparison of continuous variables with non-normal 
distributions. Categorical variables were presented as 
absolute numbers and percentages using Chi-squared test 
or Fisher’s Exact tests. Multivariable logistic regression 
analysis was used to identify the independent predictive 
factors. Results were expressed as odds ratios (ORs) with 
95% confidence interval (CI). The P value was corrected by 
Benjamini & Hochberg (BH), and the result was expressed 
as q value. When q<0.05, values were considered statistically 
significant.

Results

Demographic characteristics

From January 2019 to December 2021, 327 primary 
intussusception patients were enrolled. Of these,  
168 (51.38%) were vaccinated against rotavirus (vaccination 
group). Most of the vaccination group received RV5 (n=151, 
89.88%) and very few received LLR (n=17, 10.12%).  
79 patients received only one dose of vaccine (RV5, n=71; 
LLR, n=8), 70 patients received two doses of vaccine 
(RV5, n=63; LLR, n=7) and 19 patients received three 
doses of vaccine (RV5, n=17; LLR, n=2). A total of three 
intussusception cases occurred within 28 days of vaccination. 
Patients with primary intussusception who did not receive 
rotavirus vaccine were set up as the control group. 

Demographic characteristics are summarized in Table 1. 
Most of the patients were under 3 years old. The youngest 
patient was of age of 5 months and the oldest was of age of 
59 months. The median age of the vaccination group was 
31 months, with most patients >12–36 m (n=88, 52.38%), 
similar to the control group. In the vaccination group, there 
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Table 1 Demographic characteristics of all patients with primary intussusception

Characteristics Total (n=327)
Administered with rotavirus vaccine

P value q value
Yes (n=168) No (n=159)

Age (m), n (%)

5–12 34 (10.40) 19 (11.31) 15 (9.43) 0.83a 0.83

>12–36 175 (53.52) 88 (52.38) 87 (54.72)

>36 118 (36.09) 61 (36.31) 57 (35.85)

Median [IQR] 32 [21–42] 31 [22–43] 33 [21–41] 0.67b 0.73

Gender, male, n (%) 199 (60.86) 101 (60.12) 98 (61.64) 0.78a 0.81

Season, n (%)

Spring 86 (26.30) 48 (28.57) 38 (23.90) 0.11a 0.41

Summer 73 (22.32) 34 (20.24) 39 (24.53)

Autumn 66 (20.18) 27 (16.07) 39 (24.53)

Winter 102 (31.19) 59 (35.12) 43 (27.04)

Place of residence, urban, n (%) 154 (47.09) 82 (48.81) 72 (45.28) 0.52a 0.73

The dose of rotavirus vaccine, n (%)

0 dose of rotavirus vaccine 159 (48.62) – – – –

1 dose of RV5 vaccine 71 (21.71) 71 (42.26) – – –

2 doses of RV5 vaccine 63 (19.27) 63 (37.50) – – –

3 doses of RV5 vaccine 17 (5.20) 17 (10.12) – – –

1 dose of LLR vaccine 8 (2.45) 8 (4.76) – – –

2 doses of LLR vaccine 7 (2.14) 7 (4.17) – – –

3 doses of LLR vaccine 2 (0.61) 2 (1.19) – – –
a, Chi-squared test was applied; b, Mann-Whitney U test was applied. q value, the result after false discovery rate correction of the P value. 
m, months; IQR, interquartile range; RV5, the pentavalent rotavirus vaccine; LLR, the Lanzhou lamb rotavirus vaccine.

were more patients admitted in winter (n=59, 35.12%) and 
fewer in autumn (n=27, 16.07%). There were more male 
patients in the vaccination group (n=101, 60.12%). The 
proportion of patients in urban (n=82, 48.81%) was similar 
to that in non-urban areas. The demographic characteristics 
of the vaccination group were consistent with those of the 
control group, such as age, gender, season and regional 
distribution. No statistical differences were found.

Clinical characteristics

Table 2 summarizes the clinical characteristics. All patients 
were diagnosed with intussusception by ultrasound. Ileocolic 
intussusception was the most common type (82.57%). 
Most patients (n=292, 89.30%) were clinically reviewed by 

a doctor within 48 hours. Vomiting and abdominal pain 
were the most common clinical manifestations (61.47%, 
52.91%), while bloody stool was less common (10.70%). 
The classic triad of intussusception (abdominal pain, 
bloody stool, and a palpable mass) was uncommon in this 
study, accounting for only 1.83%. Abdominal mass was 
documented in 38.23% patients. Few patients had fever 
(6.73%), diarrhea (5.50%), and abdominal distension 
(2.75%). There were no significant differences in time from 
onset to hospital attendance, clinical symptoms and signs, 
site of intussusception between the vaccination group and 
the control group. 

All the patients of the vaccination group were given air 
enema reduction. We find that the success rate of air enema 
reduction in the vaccination group was much higher than 
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Table 2 Clinical characteristics of patients with administered rotavirus vaccine or not

Characteristics Total (n=327)
Administered with rotavirus vaccine

P value q value
Yes (n=168) No (n=159)

Time from onset to hospital attendance (h), n (%)

Median [IQR] 25 [18–35] 24 [17–36] 26 [18–36] 0.57b 0.72

<48 292 (89.30) 154 (91.67) 138 (86.79) 0.15a 0.43

Symptom, n (%)

Fever 22 (6.73) 10 (5.95) 12 (7.55) 0.56a 0.74

Vomiting 201 (61.47) 108 (64.29) 93 (58.49) 0.28a 0.50

Diarrhea 18 (5.50) 7 (4.17) 11 (6.92) 0.25a 0.52

Bloody stool 35 (10.70) 14 (8.33) 21 (13.21) 0.15a 0.38

Abdominal pain 173 (52.91) 91 (54.17) 82 (51.57) 0.64a 0.73

Classical triad 6 (1.83) 2 (1.19) 4 (2.52) 0.37c 0.58

Sign, n (%)

Abdominal distension 9 (2.75) 6 (3.57) 3 (1.89) 0.35a 0.59

Abdominal mass 125 (38.23) 62 (36.90) 63 (39.62) 0.61a 0.73

Location, ileocolic intussusception, n (%) 270 (82.57) 144 (85.71) 126 (79.25) 0.12a 0.38

Air enema reduction, success rate, n (%) 306 (93.58) 165 (98.21) 141 (88.68) 0.001a 0.01

Surgery, n (%) 21 (6.42) 3 (1.79) 18 (11.32) 0.001a 0.008

Complications, n (%) 25 (7.65) 5 (2.98) 20 (12.58) 0.001a 0.006

Intestinal necrosis and resection, n (%) 2 (0.61) 0 (0.00) 2 (1.26) –

Intestinal necrosis and resection+ dehydration, n (%) 3 (0.92) 0 (0.00) 3 (1.89) –

Dehydration, n (%) 20 (6.12) 5 (2.98) 15 (9.43) –
a, Chi-squared test was applied; b, Mann-Whitney U test was applied; c, Fisher’s Exact test was applied. q value, the result after false 
discovery rate correction of the P value. h, hours; IQR, interquartile range.

the control group (98.21% vs. 88.68%, q=0.01). Three 
patients of the vaccination group and 13 patients of the 
control group who failed air enema received timely surgical 
treatment and intraoperative manual reduction, and all of 
them were successfully reduced without intestinal necrosis 
or resection. In addition, five patients in the control group 
with severe intussusception had poor general conditions, 
abdominal pain and distension, excessive bloody stool, 
and high suspicion of intestinal necrosis. Thus, air enema 
reduction was not performed and direct surgical treatment 
was selected. Intestinal necrosis was confirmed during the 
operation, and necrotic intestinal resection and enterostomy 
were performed. The vaccination group had a lower surgical 
rate (1.79% vs. 11.32%, q=0.008), and no intestinal necrosis 
and resection occurred.

Complications were also lower in the vaccination group 
(2.98% vs. 12.58%, q=0.006). Only five patients in the 
vaccination group developed complications, all of which 
were dehydration due to vomiting, diarrhea and reduced 
intake. A total of 20 patients in the control group had 
complications, including two cases of necrotic enterectomy, 
15 cases of dehydration, three cases of necrotic enterectomy 
combined with dehydration. No death was observed in 
this study. Inflammatory biomarkers play an important 
role in predicting intestinal inflammation. As shown 
in Table 3, both PLR and CRP levels were lower in the 
vaccinated group (q=0.02, q=0.004). Vaccinated children 
were less prone to inflammation. While there were no 
statistical differences in other inflammatory markers such as 
neutrophils, lymphocytes, platelets and NLR between the 
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Table 3 Inflammatory biomarkers at hospital attendance

Category Total (n=327)
Administered with rotavirus vaccine

P valued q value
Yes (n=168) No (n=159)

Neutrophil (109/L) 2.45±1.21 2.38±1.19 2.53±1.22 0.26 0.51

Lymphocyte (109/L) 5.90±2.04 5.85±1.66 6.07±2.32 0.16 0.37

Platelet (109/L) 355.62±141.32 341.62±139.73 368.87±141.96 0.08 0.34

CRP (g/L) 8.20±7.49 6.66±4.50 9.82±9.44 <0.001 0.004

NLR 0.49±0.38 0.50±0.41 0.47±0.35 0.41 0.61

PLR 69.78±37.46 63.80±34.78 75.45±39.10 0.005 0.02

Data are presented as mean ± SD. d, unpaired two-tailed t-test was applied. q value, the result after false discovery rate correction of the 
P value. SD, standard deviation; CRP, C-reactive protein; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio.

Table 4 Clinical features of patients with adverse events

Variable
Adverse events

P value q value
Yes (n=41) No (n=286)

Age (months), median [IQR] 25 [9–42] 33 [23–42] 0.01b 0.03

Gender, male, n (%) 30 (73.17) 169 (59.09) 0.08a 0.14

Place of residence, urban, n (%) 16 (39.02) 138 (48.25) 0.32a 0.40

Time from onset to hospital attendance (h), mean ± SD 39.34±10.52 17.83±8.47 <0.001d <0.001

Fever, n (%) 6 (14.63) 16 (5.59) 0.04a 0.10

Vomiting, n (%) 27 (65.85) 174 (60.84) 0.07a 0.13

Diarrhea, n (%) 7 (17.07) 11 (3.85) 0.003a 0.01

Bloody stool, n (%) 20 (48.78) 15 (5.24) <0.001a 0.02

Abdominal pain, n (%) 14 (34.15) 159 (55.59) 0.01a 0.04

Abdominal distension, n (%) 2 (4.88) 7 (2.45) 0.70a 0.74

Abdominal mass, n (%) 17 (41.46) 108 (37.76) 0.73a 0.73

Ileocolic intussusception, n (%) 30 (73.17) 240 (83.92) 0.12a 0.19

Rotavirus vaccination, n (%) 6 (14.63) 162 (56.64) <0.001a 0.009
a, Chi-squared test was applied; b, Mann-Whitney U test was applied; d, unpaired two-tailed t-test was applied. q value, the result after 
false discovery rate correction of the P value. IQR, interquartile range; SD, standard deviation.

two groups.

Rotavirus vaccination is a protective factor for adverse 
events

The clinical features and inflammatory biomarkers of the 
adverse events group are summarized in Tables 4,5. The 
patients suffered from adverse events were younger than 
those without adverse events (median age: 25 vs. 33 months, 

q=0.03). The adverse events group had a longer time from 
onset to hospital attendance (39.34±10.52 vs. 17.83±8.47 
hours, q<0.001). As expected, patients with adverse events 
were more likely to have diarrhea (17.07% vs. 3.85%), 
and bloody stool (48.78% vs. 5.24%). The CRP level was 
higher in adverse events group (21.61±13.71 vs. 6.27±2.85, 
q=0.006), suggesting a more severe inflammatory response. 
Other inflammation markers (neutrophils, lymphocytes, 
platelets, PLR, NLR) were not statistically different between 
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Table 5 Inflammatory biomarkers of patients with adverse events

Variable
Adverse events

P valued q value
Yes (n=41) No (n=286)

Neutrophil (109/L) 2.77±1.30 2.40±1.19 0.07 0.14

Lymphocyte (109/L) 5.97±2.47 5.66±1.97 0.37 0.44

Platelet (109/L) 378.07±163.41 352.41±137.89 0.28 0.38

CRP (g/L) 21.61±13.71 6.27±2.85 <0.001 0.006

NLR 0.56±0.54 0.47±0.35 0.17 0.24

PLR 74.18±44.43 69.15±36.40 0.49 0.55

Data are presented as mean ± SD. d, unpaired two-tailed t-test was applied. q value, the result after false discovery rate correction of the 
P value; SD, standard deviation; CRP, C-reactive protein; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio.

Table 6 Independent predictors of adverse events in primary intussusception

Variable
Multicollinearity analysis Multivariable logistic regression

Tolerance VIF β S.E. Wald χ2 P value OR (95% CI)

Age 0.923 1.084 0.063 0.037 2.831 0.09 1.165 (0.890–2.146)

Time from onset to hospital attendance 0.799 1.252 1.112 1.013 1.205 0.01 3.040 (2.418–12.133)

Diarrhea 0.907 1.103 −0.154 1.336 0.013 0.91 0.857 (0.163–2.752)

Abdominal pain 0.937 1.067 −1.549 0.765 7.309 0.27 0.721 (0.138–2.899)

Rotavirus vaccination 0.901 1.109 −1.175 0.632 9.607 0.02 0.527 (0.103–0.751)

CRP 0.846 1.182 0.492 0.138 12.691 0.006 1.635 (1.248–2.143)

VIF, variance inflation factor; S.E., standard error; OR, odds ratio; CI, confidence interval; CRP, C-reactive protein.

the two groups. Abdominal pain was less common in the 
adverse events group (34.15% vs. 55.59%). Notably, the 
rotavirus vaccination rate was lower in the adverse events 
group (14.63% vs. 56.64%). This suggested that rotavirus 
vaccination may be a protective factor for adverse events. 

Bloody stool usually indicates long-term intestinal 
obstruction ischemia and necrosis. It has been widely 
accepted  a s  an  impor tant  mani fe s t a t ion  o f  l a te 
intussusception. Therefore, it is not suitable as a predictor 
of adverse events. We excluded bloody stool and included 
the remaining six variables with q<0.10 (age, time from 
onset to hospital attendance, diarrhea, abdominal pain, 
rotavirus vaccination, CRP) into logistics regression analysis  
(Table 6). In order to determine whether there was 
collinearity, we conducted a multicollinearity analysis, and 
the results are shown in Table 6. These variables did not 
have collinearity problems. 

The results demonstrated that higher CRP level (OR: 
1.635; 95% CI: 1.248–2.143; P=0.006) and the longer 

time from onset to hospital attendance (OR: 3.040; 95% 
CI: 2.418–12.133; P=0.01) were associated with increased 
adverse events. Rotavirus vaccination (OR: 0.527; 95% CI: 
0.103–0.751; P=0.02) was found to reduce the probability 
of adverse events. This further suggested that rotavirus 
vaccination was an independent protective factor against 
adverse events in patients with primary intussusception.

Discussion

The rotav irus  vacc inat ion ra te  in  chi ldren wi th 
intussusception in this study was higher than that reported 
in India (51.38% vs. 24.1%) (23). A growing number 
of studies have found that the introduction of rotavirus 
vaccine does not increase the incidence of intussusception  
(2,7,16-18,24). Wang et al. (25) included 15 randomized 
controlled studies from different countries for the latest 
meta-analysis and found that rotavirus vaccination did not 
increase the incidence of intussusception, and there was no 
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significant difference in the incidence of intussusception 
by subgroup analysis of different vaccine brands and types. 
More importantly, data from Korea and Japan (26,27) 
showed that the incidence of intussusception in children 
decreased after rotavirus vaccine introduction, suggesting 
that rotavirus vaccination may also have a protective effect.

We analyzed the clinical features of children with 
primary intussusception who received rotavirus vaccine. The 
included patients in this study were older with a median 
age of 32 months. In the Indian multicenter study (23)  
and another study (28) in Zhejiang, China, most patients 
were younger than 1 year old. In addition, a study (29) 
from Shandong, China, reported that the peak age of 
intussusception was 3 to 4 years old. There were huge 
differences in different regions. These differences may be 
related to the environment, diet, genetic background and 
so on in different regions (30). There were no statistical 
differences in demographic characteristics between the 
vaccination group and the control group. Vomiting and 
abdominal pain were the most common manifestations of 
primary intussusception, but bloody stool was rare in this 
study, and the classic triad of intussusception was even rarer. 
There were no significant differences in time from onset to 
hospital attendance, clinical symptoms and signs between 
the vaccination group and the control group. 

Complete blood count and CRP are simple and 
inexpensive but contains important follow-up parameters for 
many diseases. PLR and NLR are easily calculable indexes 
that correlate with the prognosis of many diseases. We found 
that both PLR and CRP levels were lower in the vaccinated 
group, suggesting vaccinated children were less prone to 
inflammation. Rotavirus vaccination is an important and 
effective strategy for the prevention and control of rotavirus 
infection. A Turkish study (31) of rotavirus gastroenteritis 
also found lower PLR and less inflammatory responses in 
rotavirus vaccinated children. These results suggested that 
vaccination may reduce the severity of inflammation. 

Intussusception can lead to bowel ischemia and necrosis, 
so resection of necrotic intestinal may be required. Early air 
enema is still the first choice for intussusception treatment. 
A study of 121 intussusception cases in Nigeria (32) showed 
that 53 (43.8%) had bowel resection. In the study of Chen 
et al. (33), 115 intussusception patients underwent surgery, 
47 patients (40.9%) underwent intestinal resection. While, 
in our study of 327 primary intussusception cases, only 
21 (6.42%) cases underwent surgery, and five cases had 
intestinal resection, which was much lower. Compared with 
the multi-center report in India (23), the successful enema 

reduction rate was much higher in this study (93.58% vs. 
83.8%), and surgical patients were also fewer (6.42% vs. 
16.2%). The reason may be that most of the patients in 
our study received timely and effective treatment, thus 
improving the success rate. This suggested the importance 
of early diagnosis and treatment. Our facility is one of 
the largest tertiary children’s hospitals in China. We have 
experienced clinical and ultrasound doctors, and can 
accurately diagnose intussusception through simple, non-
invasive ultrasound in the early stage. This also suggested 
the importance of experienced ultrasonic examination in the 
early diagnosis of intussusception. 

It is worth noting that the success rate of air enema 
reduction in the vaccination group was much higher than the 
control group (98.21% vs. 88.68%, q=0.01). Meanwhile, the 
vaccination group also had a lower surgical rate (1.79% vs. 
11.32%, q=0.008), and no intestinal necrosis and resection 
occurred. Complications such as necrotic enterectomy and 
dehydration were also lower in the vaccination group (2.98% 
vs. 12.58%, q=0.006). The exact mechanisms underlying 
these differences are unclear. A study (34) found that 
intussusception patients with adenovirus infection exhibited 
a lower rate of surgical intervention (7.4%) than uninfected 
controls (17.2%). From these similar outcomes and lower 
levels of inflammation markers in vaccinated children, we 
hypothesized that the virus-associated intestinal protective 
immune response may promote intestinal function, reduce 
inflammation and facilitate intestinal peristalsis unwinding 
after intussusception. More studies are needed to further 
confirm these results and assumptions.

Previous studies (1,3,35) found that longer duration of 
symptoms and bloody stool were associated with failed 
enema reduction, increased surgery and complications. 
Another meta-analysis (1) confirmed that age younger than 
1 year, presence of fever and vomiting were risk factors 
for enema reduction failure. In this study, adverse events 
were defined as failure of air enema requiring surgical 
reduction, resection of intestinal necrosis and dehydration. 
Consistent with previous findings, we found that longer 
time from onset to hospital attendance was a risk factor 
for adverse events. It may be due to prolonged intestinal 
obstruction, mucosal ischemia leading to adverse events (28). 
An Indian study (36) presented the retrospective outcomes 
of intussusception children when rotavirus vaccine was 
not in routine use, and the prospective outcomes of 
intussusception children in a phase III oral rotavirus 
vaccine trial. Prospective cases did not require surgery 
and had a better prognosis. This suggested that vaccinated 
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intussusception children who received active monitoring 
and management may have a better prognosis. Health 
care providers need to fully inform parents of the risk and 
management of intussusception during vaccine consultation, 
so that these children can visit the hospital in a shorter time 
when intussusception occurs. This plays an important role 
in improving prognosis. 

Higher CRP level was also proved to be associated 
with increased adverse events. Similarly, another study 
found that intussusception patients requiring surgical 
reduction presented higher levels of NLR and CRP, and 
high NLR level might anticipate the need for surgery (37). 
Systemic inflammation was recognized as the hallmark of 
intestinal complications. Elevated inflammatory biomarkers 
may indicate intestinal necrosis and perforation in  
intussusception (33). To our surprise, rotavirus vaccination 
was found to reduce the probability of adverse events. The 
possible mechanism may be that vaccinated patients had less 
inflammatory responses. Increasing evidence (19) suggested 
an overall reduction in intussusception in the first 12 months 
of life when early, high rotavirus vaccine coverage was 
achieved. These results may also suggest that the reassortant/
attenuated vaccine strains induce a lower generalized 
inflammatory response and have high effectiveness. Further 
studies are needed to confirm these assumptions.

There were several limitations in our study. First, this 
was a retrospective study with data obtained from a single 
institution in China. Large sample data from multiple 
centers were not included. Sampling error may be possible. 
This study excluded recurrent intussusception with low 
incidence and focused on idiopathic intussusception that 
occurred for the first time. Bias therefore could not be 
avoided. Therefore, our cohort cannot represent the real 
situation of the whole population, and the conclusions 
may not be generalized. Second, clinical characteristics of 
intussusception patients with different rotavirus vaccine 
subtypes or different vaccine doses were not analyzed. 
Third, these intussusception patients were unable to 
provide accurate information about their past gastroenteritis 
history and rotavirus surveillance. We did not have data 
on the prevalence of gastroenteritis and rotavirus infection 
in vaccinated and unvaccinated children. We were unable 
to compare clinical differences in intussusception children 
with the vaccine strain versus the wild strain.

Conclusions

Our retrospective study revealed that rotavirus vaccination 

was associated with better outcomes and lower rates 
of surgery and complications in children with primary 
intussusception. Rotavirus vaccination is an independent 
protective factor for adverse events. Longer time from onset 
to hospital attendance and high CRP level might anticipate 
adverse events.
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