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      Abstract


      Background


      Intussusception is an adverse event associated with rotavirus vaccines (RVV). RVV was introduced phase-wise in India since April 2016. Background intussusception rates are needed to document changes with RVV introduction. We describe the epidemiology of intussusception among children aged under-two years in Odisha, India.


      Methods


      This bidirectional surveillance (retrospective from July 2010 to March 2016 and prospective from April 2016 to September 2017) at three hospitals in Odisha recruited children aged 2-23 months with intussusception. Data on sociodemography, immunization, clinical, treatment and outcome were collected. Incidences of intussusception among infants and children > 1 year were estimated.


      Results


      371 children with intussusception (retrospective, n = 266; prospective, n = 105) were recruited. Among them, 78.7% were infants with median age 8 (IQR 6-12) months and 70.6% were males. Abdominal pain (60.9%), vomiting (55.5%), and bloody stools (53.4%) were the leading symptoms and triad was observed in 51.8% cases. 57.4% cases underwent surgery and 16.0% were managed by reduction. Nine (2.4%) children died. 71.4% cases met Brighton criteria Level-1. Intussusception cases increased 2014 onwards and the pooled incidence was estimated to be 5 (3.9-7.9) cases per 100000 infants per year.


      Conclusions


      Intussusception in children was observed prior to rotavirus vaccination in Odisha, India. The risk factors for rising intussusception in children need further evaluation.


      Keywords
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      Introduction


      Intussusception is one of the common intestinal obstruction in young children, characterised by invagination of an intestinal segment into another segment. It usually occurs in infants and commonly between 4-10 months of age [1,2]. If not intervened and relieved early, it may progress to ischemia and perforation of intestine and even may be fatal [2]. The ileocecal is the most commonly reported intussusception site. While imbalance in the peristalsis and neuromuscular coordination have been hypothesized as the cause(s), in 10-15% of cases, some pathological lead points (PLPs) may be found [2-4]. Several enteric and non-enteric viral infections and bacterial enteritis have also been reported as triggers for intussusceptions [5-7]. Intussusception gained importance with its association as an adverse event following introduction of the rotavirus vaccine (RVV), Rotashield™ (Wyeth Lederle, Marietta, PA, USA) in 1999, which forced withdrawal of the vaccine [8-10]. Since then, intussusception has been documented in the clinical trials for subsequent candidate RVVs [11,12]. Variable risks of intussusception with the RVVs including Rotarix™ (GlaxoSmithKline Biologicals, Rixensart, Belgium) and Rotateq™ (Merck & Co. Inc., Kenilworth, USA) have been reported; from no increased risk in USA and Brazil to 1-2 additional cases per 100,000 infants vaccinated in Mexico and Australia [13-15]. Considering the benefit of child mortality reduction with RVV, World Health Organization (WHO) has recommended universal introduction in national immunization programmes (NIPs). WHO also recommends surveillance to document the potential changes and attributable risks of intussusception with vaccine introduction [16].


      RVV was introduced in India's NIP in April 2016 and expanded countrywide in a phased manner. Both Rotavac™ (Bharat Biotech, Hyderabad, India) and Rotasiil™ (Serum Institute of India, Pune, India) RVVs are in use with 6, 10, 14 weeks schedule. The available intussusception incidence among Indian children vary from 17.7 (95% CI: 5.9, 41.4) in north India to 254 (95% CI: 5.9, 41.4) cases per 100,000 child-years in south India [17,18]. The incidence information from other parts of the country are not available. There is wide variations in intussusception incidence and case load globally [19]. A regional variation in the intussusception case load have been documented in India, although the reasons for the variation are yet to be explored [4,20]. In view of the recent introduction of RVV in India, limited information on intussusception rates across the regions and states, there is need to contribute information that allows monitoring the trend and identifying the associated risk factors [21,22]. We describe the epidemiology, incidence, clinical features of intussusception in children aged under-two years through a hospital based surveillance network in eastern India.


      Methods


      Study area and participating hospitals


      This hospital-based sentinel surveillance involved three medical college hospitals in Odisha state in eastern India. Out of these hospitals located in three cities from different regions of the state (Bhubaneswar, Cuttack and Berhampur), two were government funded and one was private. These were the leading hospitals with functional paediatric surgery facility. Most of the patients from Odisha state attended one of these hospitals.


      Study design


      At these hospitals, a bidirectional surveillance was set up including a retrospective (July 2010 to March 2016) and prospective (April 2016 to September 2017).


      Case definition, case selection and data collection


      For the retrospective surveillance, the list of children aged 2-23 months with compatible diagnoses were retrieved from the medical records section. For retrieval of the cases all possible sources were considered. (a) At the institutions using international classification of diseases (ICD), the cases with any of the compatible ICD-10 codes (K56.1, K56.2, K56.3, K56.4, K56.5, K56.6, K56.7 and K56.0) or ICD 9 codes (560.0, 560.2, 560.31, 560.30, 560.81, 560.9 and 560.1) were identified. (b) At the institutes without ICD classification, cases with compatible diagnoses (intussusception, acute intestinal obstruction, subacute intestinal obstruction, acute abdomen, and blood in stool with vomiting) were identified. (c) These lists were supplemented with review of the registers from clinical wards (pediatrics, pediatric surgery and emergency), operation theatres, radiology (ultrasound, barium studies and CT scan) and pathology departments to identify any missed case. The records of these potential cases were reviewed to identify the confirmed intussusception cases.


      For the prospective surveillance, all the children aged 2-23 months admitted to these hospitals were screened and actively tracked till final diagnosis. All confirmed intussusception cases were recruited after written informed consent from their parent or legally authorised representative. For the confirmed intussusception cases identified through retrospective and prospective surveillance, the data on demography, clinical features, management, and final outcome were abstracted. For the prospective surveillance, the socioeconomic status (SES), dietary practices and immunization exposure (from definite sources: Immunization card or register) were documented. Diagnostic certainty levels were assigned according to the Brighton Collaboration case definition (BCCD) by an independent expert group (paediatrician, paediatric surgeon, and radiologist) [1].


      Quality assurance


      The research staffs were trained on the protocol and data collection. The data received from sites were reviewed and queries were resolved in reference to the source documents. Site visits were made to assess the protocol adherence and data quality and completeness. Additionally, the data team visited sites and checked the data retrieval from the medical records using the diagnoses and ICD-9/10 codes for the study period to identify any missed case.


      Data management and analysis


      Double data entry was done followed by matching between the entries and with the filled forms. The verified data were stored in the server with authorised access and daily backup. The SES data was represented as standard of living index (SLI), which was estimated using the scores for household assets ownership and categorised into high, medium and low categories, with reference to the National Family and Health Survey for India [23]. Using the BCCD criteria the cases were categorised into levels 1 to 3 [1]. Descriptive analysis was done and findings were expressed as proportions, means (with standard deviations), or median (with interquartile range, IQR), as appropriate. For statistical significance, the values between groups were compared using Chi-Square or Fisher's exact tests for the proportions and Mann-Whitney-U or Kruskal-Wallis tests for the medians depending on the skewness, sample and number of groups. The missing data were excluded from analysis. The statistical significance was considered if p < 0.05. It was assumed that the children with intussusception in the state would attend these hospitals. The census (2011) population data for Odisha (n = 41,947,358) was used as the base population and growth rate (1.4%) as per the Sample Registration System (SRS) data was applied to estimate the population for 2016-2017 [24]. The live birth rate and infant mortality rate data from SRS were used for estimating the number of children in the corresponding years (Appendix A) [24]. The intussusception incidence rate was estimated as number of intussusception cases among infants or under-two-children per 100000 infants or under-two-children/year in Odisha. The statistical analysis was performed using STATA version 15.0 (StataCorp LLC, Texas, USA).


      Ethical issues


      The study protocol approved by the ethics committees of all participating institutes. Informed written consent was obtained for all the eligible cases before recruitment and data collection. Confidentiality in data handling was maintained.


      Results


      Between July 2010 and September 2017, out of the 160,009 children (142317 paediatrics and 17692 paediatric surgery admissions) admitted to these hospitals, 568 suspected intussusception cases were identified and 371 children with confirmed intussusception were recruited. The number of intussusception cases increased over the years, especially after 2013 (Figure 1).


      Table 1 shows the sociodemographic and clinical characteristics of children with intussusception for the retrospective and prospective surveillance periods. Majority (78.7%) of the children were infants with median age of 8 months (IQR, 6-12 months). The children aged 4-8 months contributed to 57.1% of pooled cases (57.9% in retrospective and 55.2% in prospective surveillance) (Figure 2). Males contributed more than females (male-female ratio = 2.4:1). More (53%) cases occurred during April to July months (Figure 3). While 22.4% of the patients came from the same district where hospital was based, 77.6% came from other districts of the state (Appendix B).


      The sociodemographic and dietary practices were documented for children in the prospective surveillance. Overall 82.8% (87/105) children were ever breastfed. Among the children aged ≥ 6 months, 61% (42/69) were exclusive breastfed for minimum 6 months and median period of breastfeeding was 5 months (IQR 4-6 months). Mixed feeding was initiated in 41.2% infants before six months of age. Weaning food was given to 76.8% (53/69) children aged > 6 months and 19.3% (6/31) children aged < 6 months. The median age of weaning was 5 months (IQR 3-9 months). Rice was the major weaning food (74.6%). The intervals between onset of weaning and intussusception were similar for the different types of weaning food (Appendix B).


      Abdominal pain (including excessive crying) was the most common symptom (retrospective: 54.1% and prospective: 78.1%) followed by vomiting (retrospective: 49.6% and prospective: 70.3%) and blood in stool (retrospective: 47.0% and prospective: 69.5%). The intussusception symptom triad (abdominal pain, vomiting and blood in stool) was observed in 44.7% and 69.5% of the children in retrospective and prospective surveillance, respectively. Abnormal/absent bowel sounds were documented in 83.1% (49/59) and 81.7% (67/82) of the children in retrospective and prospective surveillance, respectively. Blood on per-rectal examination was found in 32.2% prospective cases. Overall 97.3% of the cases (retrospective: 98.1% and prospective: 95.2%) were diagnosed by ultrasound and 93.8% were at ileocolic region (retrospective: 94.7% and prospective: 91.5%) was the most common site. A PLP was documented in 3.5% cases. Overall, 57.4% children were treated by surgery, 16.0% by reduction and 24.8% were managed conservatively. The proportion of children managed by reduction increased in parallel with decline in share of surgery. At two hospitals, reduction was not practiced and all cases were surgically managed. At the hospital with both facilities (reduction and surgery), one child (1/26, 3.8%) required surgery for failed reduction. Seven (2.6%) children in the retrospective and two (1.4%) in the prospective periods died. Out of the nine (2.4%) children died, four underwent surgery and no definite intervention could not be done for five children due to unstable clinical status. Eight of these deceased children were referred from other districts. The causes of death were sepsis and shock.


      The pooled median illness onset-hospitalisation interval was 2 days (IQR 1, 3) and were similar for both the prospective and retrospective surveillance. In the retrospective component, the median onset-intervention intervals were 1 (IQR 1, 3), 2 (IQR 1, 3) and 3 (IQR 1, 3) days for the children managed by conservative, reduction and surgical mode, respectively. In the prospective component, the median onset-intervention intervals were similar (median 2 days; IQR 1-3 days), irrespective of the mode of management. The children underwent surgery (6-7 days) required longer hospitalisation compared to those treated by reduction or conservatively (2-3 days). History of diarrhoea and respiratory illnesses within four weeks prior to intussusception was reported in 1.9% and 3.8% children, respectively. Using BCCD criteria 70.6% of retrospective and 73.6% of prospective cases were classified as Level-1.


      Immunization information was available for 75.2% (79/105) of the children. Among the children with immunization information available, and 51.9% (41/79), 48.1% (38/79) and 43.0% (34/79) received first, second and third RVV doses, respectively. All children received the Rotavac™ vaccine. The median ages of RVV doses administration were 52 (IQR 48, 64 days), 87.5 (IQR 83, 97 days) and 119.5 (IQR 112, 128 days) for first, second and third doses respectively (Figure 4). Five children received RVV (RVV-2, n = 1 and RVV-3, n = 4) within 8-21 days of last RVV dose and none received within the 1-7 days window (Appendix C).


      The pooled incidence of intussusception in Odisha was estimated to be 5 cases (range 3.9-7.9) and 1.4 cases (range 1.1-2.8) per 100000 children per year during first and second year (Appendix A). The incidence for recent years (2015-2016) were 7.6-7.9cases per 100000 infant years.


      Discussion


      This study documented the intussusception case load in children under-two years in Odisha and the trend during 2010-2017. Predominance of intussusception among males (70.6%) and infants (78.7%) with median age (8 months, IQR 6-12 months) and high case load during 4-8 months of age were similar to the reports from India and globally [1,4,18-20,25-30]. Children from all social classes and religion were affected. The breastfeeding pattern, 61% children were exclusive breastfed was comparable to State average (2015-16) [31]. Abdominal pain, vomiting and blood in stool were the top three symptoms, which were similar to the other reports from India and globally [1,4,18-20,25-30]. The classical triad was observed in 51.8 (44.9%-69.5%), higher than reports from some reports from India (19%-34.8%) [4,20,26], but similar (50%) to another report from Odisha (same state) [32]. Most (97.3%) cases were diagnosed by ultrasound. Intussusception mostly occurred at ileocolic site, similar (68-85.3%) to reports from India and globally [1,4,18-20,25-30].


      In 3.5% cases any PLPs was reported, was lower than other reports from India (14.6%-41%) [4,20,32,33] and comparable to studies from North India (2.1%-3.7%) [27,28]. The proportion of cases meeting Level-1 (71.4%) were lower than other reports from India (89.1%-96.7%) [4,18,20]. Non-documentation of intussusception reduction as routinely prevented the cases meeting BCCD Level- 1 certainty. Transient intussusception has been observed in children that resolves spontaneously, without any intervention [18,34]. Such transient intussusception cases wouldn't meet Level-1 criteria.


      Over half (57.4%) of the cases were managed surgically and 15.2% of them required bowel resection, which were comparable to other reports from India [4,20,28]. Two of the three hospitals practiced only surgical intervention, like some of the other reports from India. At one hospital where hydrostatic reduction was practiced, 74.3% cases were managed by reduction and 10% underwent surgery. The death rate (2.4%) was higher than other parts of India (0%-1.7%) [4,18,20,25-29]. Most of the children died were from far-off places with 24-48 hours interval from onset and five of them were clinical unstable for any intervention. These highlight the importance of early identification, faster referral and pre-referral management of the infants for preventing deaths. There are differences in the proportions of children with clinical symptoms and signs between retrospective and prospective periods, which reflects the quality of case record documentation. The proportion of children with triad, surgical intervention and mortality reflected the case detection, referral, time taken to reach the facilities and response status.


      No intussusception case occurred within 1-7 days window after any dose and five cases occurred within 8-21 days window, four after the third dose of RVV. The RVV doses are administered at 6, 10 and 14 weeks of age. The overlap in the ages at intussusception following RVV with natural occurrence may make it difficult to assign causality. Although no definite increased risk of intussusception among Indian children following RVV has been observed from the preliminary findings, longer period of surveillance may be needed to confirm [35,36]. This highlights the importance of documenting vaccine exposure for intussusception patients in routine clinical practice.


      A progressive rise in the intussusception cases was observed at all sites, especially 2014 onwards. Although the exact cause of rise remains unknown, the possibilities include increased awareness among the clinicians, availability of diagnostic facilities at peripheral levels, better referral, and availability of management facilities, apart from possible rise in the case load. A rise in the number of cases across years have been also documented across other parts of India [20,28] and other countries [37,38]. More cases were observed during April-July months (summer to early monsoon), which was similar to the other reports from India [4,20,26,28]. But no seasonal variation was observed in South India [18,25].


      The intussusception incidence for the years 2015 and 2016 were 7.9 and 7.6 per 100,000 infants, which were lower than those reported from North India (17.7-20) [17,28] and South India (62-254) per 100,000 infants [18,39]. The observed incidence was comparable to the reports from some countries (Bangladesh- 9, Brazil- 3.8, and Italy-7.3 per 100,000 infants) [40-42].


      Documentation of changes in intussusception rate with RVV introduction is recommended as part of the vaccine safety surveillance effort [16,43]. Considering the geographic, dietary practices and other possible risk factors for intussusception, there is need for documentation of the intussusception epidemiology from different parts of India. Additionally, there is also need for documenting the clinical and risk factors epidemiology and management for improving case detection, referral and enabling non-surgical management to minimise morbidity and mortality. Despite the risk of intussusception and other possible adverse events, role of RVV and other routine vaccines for preventing child deaths are critical and must be reaffirmed.


      Inclusion of multiple hospitals from regions of the state, adoption of both retrospective and prospective surveillance, use of common protocol and standard case definition, reliable documentation and quality assurance measures are the strengths of our study. The site institution level investigators (paediatrician, paediatric surgeon and radiologist) involvement, dedicated research staffs and review of all source documents minimised retrieval, classification and data abstraction errors. A definite source document was used to record immunization exposure. There are several limitations in the study. This was a hospital-based surveillance. In absence of the definite catchment area and referral pattern, the estimated incidence of intussusception might be an underestimation, as some cases might have been treated at other private facilities in the state or outside the state. The aetiology and risk factors for intussusception were not explored.


      Conclusion


      This study documented that the intussusception occurred mostly in infants and males. The high case load age overlapped with the third dose routine vaccination. Transient intussusception occurred in children frequently. For minimising surgical intervention, morbidity and mortality, high suspicion, quick diagnosis, faster referral and availability of non-surgical methods of management are needed. Immunization exposures should be routinely documented to identify vaccine associated risk and reporting. The estimated intussusception incidence was lower that other parts of India, but future community-cum-hospital based studies are needed for reliable estimates including documentation of aetiology and risk factors.
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        Figure 1: Intussusception case load in children aged under-two year during 2010-2017 in Odisha, India. View Figure 1

      


      
        Figure 2: Age distribution of the children with intussusception in Odisha, India.

        Note: Abbreviation
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        Figure 3: The seasonal distribution of the intussusception cases in children during the calendar months.
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        Figure 4: The age at rotavirus vaccination and occurrence of intussusception during first year.

        Note: The ages at rotavirus vaccination given in days as median (IQR);

        IS: Intussusception; RVV-1: Rotavirus vaccine first dose; RVV-2: Rotavirus vaccine second dose; RVV-3: Rotavirus vaccine third dose. View Figure 4
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