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Abstract

:

Rotavin-M1 (POLYVAC) was licensed in Vietnam in 2012. The association of Rotavin-M1 with intussusception, a rare adverse event associated with rotavirus vaccines, and with adverse events following immunization (AEFI) have not been evaluated and monitored under conditions of routine use. From February 2017 to May 2021, we conducted a pilot introduction of Rotavin-M1 into the routine vaccination program in two provinces. Surveillance for intussusception was conducted at six sentinel hospitals. AEFI reports at 30 min and 7 days after vaccination were recorded. Among 443 children <12 months of age admitted for intussusception, most (92.3%) were children ≥ 6 months. Of the 388 children who were age-eligible to receive Rotavin-M1, 116 (29.9%) had received ≥1 dose. No intussusception cases occurred in the 1–21 days after dose 1 and one case occurred on day 21 after dose 2. Among the 45,367 children who received ≥1 dose of Rotavin-M1, 9.5% of children reported at least one AEFI after dose 1 and 7.3% after dose 2. Significantly higher AEFI rates occurred among children given Rotavin-M1 with pentavalent vaccines (Quinvaxem®, ComBE Five®) compared to Rotavin-M1 without pentavalent vaccines. There was no association between intussusception and Rotavin-M1. The vaccine was generally safe when administered alone and when co-administered with other vaccines.
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1. Introduction


Rotavirus (RV) is the most common cause of several diarrhea in young children. However, the increasing use of rotavirus vaccines globally has contributed to a reduction in the burden of rotavirus disease [1,2,3]. In some studies, rotavirus vaccines have been reported to slightly increase the risk of intussusception [4,5,6,7,8,9]. Intussusception is a type of acute intestinal obstruction. When the small intestine becomes invaginated, the blood supply to the small intestine is lost, resulting in intestinal ischemia that can lead to perforation if not treated in a timely manner. Some intussusceptions resolve on their own, but most require hospitalization with treatment by enema or surgery. Mortality rates are highly dependent on timely access to appropriate treatment and range from less than 1% in developed countries to up to 10% in low income areas [10]. The incidence of intussusception peaks between 4 and 10 months of age and varies substantially by region [11]. A study from Ho Chi Minh City from 2009 to 2011 showed a relatively high baseline intussusception rate of 287/100,000 among children aged <1 year, which is higher than the intussusception rates in most other countries globally (global average, 74/100,000) [11,12,13,14].



Since 1999 when the first commercially available rotavirus vaccine, RotaShield® (Wyeth-Ayerst, Philadelphia, Pennsylvania, USA), was linked with cluster of intussusception cases among vaccinees, subsequent rotavirus vaccines have undergone post-marketing surveillance for intussusception [15,16]. Post-marketing surveillance for both RotarixTM (GSK, Rixensart, Belgium) and RotaTeq® (Merck & Co., Whitehouse Station, NJ, USA) vaccines showed an increased risk of intussusception in high- and middle-income countries. The risk of intussusception after the administration of RotarixTM was estimated to be 1.1–7.0 excess cases of intussusception per 100,000 infants vaccinated; RotaTeq® was associated with approximately 1.5–7.3 excess cases per 100,000 recipients [5,6,7,8,9,17,18]. No increased risk of intussusception has been seen with RotarixTM, RotaTeq®, or Rotavac® (Bharat Biotech, India) in low-income countries [19,20,21,22].



Since 2012, a Vietnam-made rotavirus vaccine, Rotavin-M1 (POLYVAC, Vietnam), has been licensed and is available on the private market. The country plans to use this vaccine in the national expanded immunization program (EPI) over the coming years. In preparation for the nationwide introduction of this vaccine, a pilot vaccine introduction was conducted among approximately 45,000 children in 6 districts in 2 provinces (Nam Dinh and Thua Thien Hue (TT Hue)) from 2017 through 2021. During the pilot vaccine introduction, vaccine effectiveness was reported as 57% against rotavirus disease of all severities and 63% for severe rotavirus diarrhea [23]. The objective of the current analysis is to describe adverse events, including severe adverse events such as intussusception, that might be associated with Rotavin-M1 and which occurred during the pilot introduction.




2. Materials and Methods


2.1. Pilot Vaccine Introduction in Nam Dinh and TT Hue


Rotavin-M1 vaccine (G1P [8]) was pilot introduced into the expanded immunization program in some districts of Nam Dinh and TT Hue provinces from December 2017 to May 2021. Two doses of Rotavin-M1 vaccine were administered at 2 and 3 months of age alongside other routine infant immunizations. Information regarding rotavirus vaccine administration was recorded in community health center vaccination logbooks and the national electronic vaccination registry. Children who received at least one dose of Rotavin-M1 as part of the pilot introduction and satisfied the following inclusion criteria were included in the AEFI analysis: (1) Lived in one of the six participating districts; (2) received the first dose of Rotavin-M1 between 56–104 days of age; and (3) received the second dose of Rotavin-M1 before 6 months of age, if administered. Rotavin-M1 was available in parallel on the private market for children from 6 weeks of age.




2.2. Intussusception Surveillance


We conducted prospective intussusception surveillance among children less than 12 months of age from December 2017 to May 2021 in Nam Dinh and TT Hue provinces using six sentinel hospitals in these provinces. Duplicate cases were identified and removed, including transferred cases between hospitals in the network. These hospitals capture almost all of the intussusception cases occurring in the region. Children under 12 months of age admitted to one of these hospitals who met the Brighton Collaboration criteria for level 1 for diagnosing intussusception were included [24]. Medical staff completed a questionnaire on demographics, diagnostic and treatment methods, outcomes, child feeding practice, household information and vaccination history. The vaccination history for each child was obtained from either the immunization record books at commune health centers, the electronic immunization database, or the child’s personal vaccine card.




2.3. Following up Intussusception Cases after Hospital Release


Beginning in November 2019, medical staff at the provincial CDC called the family after hospital release when the child turned 8 months of age to check the health status of the child. They verified demographic information and rotavirus vaccination status, documented the well-being after hospital discharge, and recorded whether any recurrent episodes of intussusception had occurred.




2.4. Adverse Events following Immunization (AEFI) Monitoring


Demographic characteristics (age, gender), vaccination information (date of administration, vaccination sites), and AEFIs after 30 min and after 7 days following the first and the second doses of Rotavin-M1 and co-administered vaccines (pentavalent/tetravalent vaccines and OPV) were collected and analyzed. Data were collected on standardized AEFI reporting forms completed by medical staff of each commune health center.




2.5. Statistical Analysis


Data were entered and cleaned using Epi Info software 7.2.5.0 (US-CDC, Atlanta, GA, USA) and analyzed by SPSS 22.0 software (IBM, New York, NY, USA).



Intussusception surveillance data were analyzed descriptively for all enrolled children. To assess the association between intussusception and Rotavin-M1 administration, the analysis was restricted to children age-eligible to receive Rotavin-M1, which was defined as born on or after 8 September 2017 and enrolled on or after 25 December 2017. The risk window of interest was the 1 to 21 days after each dose of Rotavin-M1 vaccine.



For the AEFI data, chi-squared tests were used to compare two proportions of independent populations, and logistic binary regression models were used to estimate odds ratios and associated 95% confidence intervals to identify the factors influencing the occurrence of AEFIs of Rotavin-M1 in Vietnamese children.




2.6. Ethics Issues


The study was approved by the Ethics Committee of the National Institute of Hygiene and Epidemiology (IRB number—VN01057—19/2016) on 15 July 2016. Parents or legal representatives of participants signed the consent form to receive Rotavin-M1.





3. Results


3.1. Rotavin-M1 Pilot Introduction


During the 3 years of the pilot vaccine introduction (December 2017–May 2021), 45,367 children received at least one dose of Rotavin-M1; 88,214 doses of Rotavin-M1 were administered. In Nam Dinh province, 34,585 children received at least 1 dose and 32,863 children received two doses. In TT Hue province, number of children receiving at least one dose was 10,782 and 9984 received two doses.




3.2. Characteristics of Intussusception Cases


From December 2017 to May 2021, a total of 443 hospitalizations (249 in Nam Dinh province and 194 in TT Hue province) for intussusception were reported among children <12 months of age who were enrolled at the six surveillance hospitals (Table 1). Intussusception cases occurred more frequently in boys (62.4–63.1%) than in girls (Table 1). Very few children younger than 3 months of age experienced an intussusception episode (0.2%) and only 7.5% of cases occurred in children 3–5 months of age. The majority of intussusception cases (92.3%) occurred in children 6–12 months of age (Table 1). Most (93.0%) cases were admitted within two days of symptom onset. The majority (97.1%) of cases were treated by air enema, while surgery accounted for 1.3% (6/443) of all cases. Surgery for all six cases was performed in Central Hue hospital; all these cases were aged 6–12 months, had a time from symptom onset to hospital admission of 2–4 days, and 66.6% (4/6) required intestinal resection. Only seven cases (1.6%) were not treated successfully at a district hospital and were transferred to higher level hospitals. Most (98.4%) children treated for intussusception had a short hospital stay (1–7 days). For all children, the mean hospital stay was 2.1 days in Nam Dinh and 3.4 days in TT Hue province (Table 1). Longer stay of 15 days or more often occurred when other diseases required transfer to another department for treatment (pneumonia, diarrhea, etc.). Of the six children who required surgery, each was hospitalized for more than eight days. Most children (98.4%) were successfully treated for intussusception at the original admission hospital and discharged home. From November 2019 to May 2021, provincial CDC staff attempted to contact children that were discharged before 8 months of age. Of the 144 children successfully contacted, nine (6.3%) children had a recurrent episode of intussusception.




3.3. Association between Rotavirus Vaccination and Intussusception


Of the 443 children enrolled with intussusception, the number of children that were age eligible to receive Rotavin-M1 (who were born on or after 8 September 2017 and enrolled on or after 25 December 2017) was 388 (87.6%); this included 222 children from Nam Dinh and 166 children from TT Hue. In Nam Dinh province, 80 patients (36.0%) received the first dose of Rotavin-M1 vaccine and 69 (31.1%) received the second dose of Rotavin-M1. In TT Hue province, 36 (21.7%) patients received the first dose of Rotavin-M1 and 29 (17.5%) patients received the second dose. A total of 48 (12.4%) children age-eligible for vaccine were excluded from further analysis because they had received either the RotaTeq® or RotarixTM vaccines.



The median age of the infants included in the analysis was 37.5 weeks, with very few cases of intussusception detected in children less than 20 weeks of age (Figure 1).



Rotavin-M1 vaccination coverage was low but the receipt of the vaccine doses were timely, i.e., all received two doses before six months of age as per manufacturer recommendation, and approximately 90% of children received the first dose by 14 weeks (Figure 1). A total of 65.9% of patients with intussusception that were included in the analysis were unvaccinated, 5.3% had received only 1 dose of Rotavin-M1, and 28.8% received 2 doses of Rotavin-M1. Median age at dose 1 was 10 weeks (interquartile range 9.5–12 weeks) and the median age at dose 2 was 15 weeks (interquartile range 14–17 weeks).



No cases of intussusception occurred within 1 to 7 days or 8 to 21 days following the first dose of Rotavin-M1 vaccine. The first intussusception case after the first dose of Rotavin-M1 occurred on day 50. No cases of intussusception occurred within 1 to 7 days after dose 2 of Rotavin-M1 and one case occurred on day 21 following dose 2 (Figure 2).




3.4. Adverse Events following Immunization (AEFI)


From December 2017 to May 2021, adverse events records were obtained for 45,367 children of the more than 50,000 subjects who had received at least one dose of Rotavin-M1. The prevalence of children who experienced at least one AEFI within 7 days after the first dose of Rotavin-M1 and other vaccines was 9.5% (n = 4294). The prevalence of AEFIs after the second dose was 7.3% (n = 3125). AEFIs after the first dose were more frequent than after the second dose at all sites (Table 2). Males and females showed similar AEFI frequency (Table 2). The rate of reporting AEFIs after the first (11.3%) and second (8.7%) dose in Nam Dinh was over three times higher than in TT Hue, with 3.5% and 2.6% after the first doses and second doses, respectively. Rates of AEFIs in the second year (December 2018 to November 2019) and third year (December 2019 to December 2020) of the pilot project were 2–3 times higher compared with the first year of introduction of Rotavin-M1 (December 2017 to November 2018) (Table 2).



The frequency of AEFIs in children who received Rotavin-M1 and OPV (without pentavalent/tetravalent vaccine) on the same day or within 7 days of one another was not significantly different compared with those received Rotavin-M1 without OPV co-administered within 7 days (approximately 3% in both groups). In contrast, all children who were administered Rotavin-M1 and pentavalent/tetravalent vaccine on the same day or within 7 days of one another (with or without OPV) showed a higher rate of AEFIs than among children administered Rotavin-M1 and pentavalent/tetravalent vaccines separately, ranging 9.0% to 11.9%. The rate of AEFIs in children co-administered with Rotavin-M1 and pentavalent/tetravalent vaccine within 7 days increased markedly compared with using only Rotavin-M1 or Rotavin-M1 and OPV/IPV.



The main symptom reported within 30 min of rotavirus vaccine co-administered with pentavalent vaccine and OPV was vomiting (0.9% and 0.6% after the 1st and 2nd dose, respectively). During the 7 days after vaccination, pyrexia occurred in 8.4% and 6.5% of children after 1st and 2nd dose, respectively. Other symptoms such as diarrhea, vomiting, fuzziness, pain, and/or swelling occurred but at very low frequencies during the 7 days post vaccination (Table 3).





4. Discussion


In this study, we found that no cases of intussusception occurred in the 1 to 21 days after dose 1 of Rotavin-M1 and only one case occurred in the 1 to 21 days after dose 2 of this vaccine. Thus, no intussusception cases were seen in the 1–7 day risk window, with nearly 45,000 first doses administered. While the lack of cases precluded a formal risk assessment using the self-controlled case-series design, it suggests that the risk, if any, is likely to be quite low. Although Vietnam is among the countries with the highest rates of intussusception globally, no cases of intussusception occurred in children <3 months of age and only 8% of cases occurred in children 3 to 5 months of age [24]. Thus, intussusception cases rarely occurred in young infants in Vietnam when the doses of Rotavin-M1 were administered.



Our first-ever-in-Vietnam finding that there is no evidence of an association between intussusception and Rotavin-M1 vaccination is in line with other studies in low and low-middle–income countries and in sub-Saharan African countries that use RotarixTM and RotaTeq® [20,21,22,25]. Of note, Rotavin-M1 and RotarixTM are both based on G1P [8] rotavirus vaccine strains that were derived from human infants [19,26,27]. These findings are in contrast with those from high and upper-middle income countries where there is an association between rotavirus vaccination and intussusception during the first week after the first rotavirus vaccine dose [5,6,7,8,9,28,29]. There are several possible explanations. First, in a comparison between Rotavin-M1 and RotarixTM, shedding of Rotavin-M1 vaccine strain was delayed and in a smaller proportion of children compared to RotarixTM, suggesting limited replication of the former in our children [27,30]. Second, a study in South African infants found that co-administration of OPV and rotavirus vaccine led to lower immunogenicity of the rotavirus vaccine first dose [31]. This finding suggests that children who receive OPV and the oral rotavirus vaccine at the same time may be less likely to mount an immune response that could trigger intussusception than children who have inactivated polio vaccine co-administered with oral rotavirus vaccine. In our pilot vaccine introduction, Rotavin-M1 was administered at the same time as OPV and DPT-Hib-HepB (Quinvaxem® (Berna biotech, Korea) or vaccine from Serum Institute of India (SII)) in 95% of children and on a designated day of the month at commune health centers of the six districts of the study. Finally, other factors such as breast feeding, microbiome, or the maternal antibody might also lead to the difference in intussusception rates after rotavirus vaccination [32,33,34].



A very low rate of surgery was observed in Vietnam (1.3% overall) and no mortality was found during the 3-year study period. This finding is in stark contrast to other settings where no risk of intussusception has been observed following rotavirus vaccination but almost all children were treated by surgery and the mortality rate was over 10% [21,29,35]. One possible reason for the low mortality rate in Vietnam is that the widespread use of ultrasound imaging might lead to early diagnosis of diseases and early presentation of the child to medical facilities for treatment (often within 1–2 days of symptom manifestation).



We also report results from the first post-marketing surveillance of Rotavin-M1 vaccine when used with other vaccines in the routine immunization program. The prevalence of AEFIs after the first dose of vaccine (9.5%) was higher than after the second dose (7.3%) in all study sites. This trend was similar to that observed in previous clinical studies of Rotavin where the expected AEs after the first dose and the second dose, respectively, were 27.8% and 17.0% [36]. The risk of AEFIs increased more than 4–6 times when Rotavin-M1 and pentavalent/tetravalent vaccine were co-administered simultaneously. In Vietnam, pentavalent vaccines used in the routine program such as: (1) Quinvaxem® (Berna biotech, Korea), (2) Diphtheria, Tetanus, Pertussis, Hepatitis B, and Haemophilus influenzae type b Conjugate Vaccine Adsorbed (SII, India), and (3) ComBE Five® (Biological E, India) with whole-cell pertussis component. These vaccines may have resulted in a higher rate of fever and local reactions (swelling, heat, redness, pain at the injection site) after co-administration (13.3–19.1%), while the rate of AEFIs after either dose of Rotavin-M1 was 2.4–3.7%. A higher rate of fever after co-administration of the rotavirus and other childhood vaccines was also reported by the Oxford Royal College of General Practitioners Research and Surveillance Centre (1.62% and 0.5%, respectively) [37]. The other symptoms observed in this study were fever, diarrhea, and vomiting, which were reported with low frequency (<1%). These symptoms were found at lower frequencies compared to those reported in clinical studies due to the passive AEFI reporting method. In particular, a study in Vietnam about the safety of Quinvaxem® in infants at 2 to 4 months of age showed that overall, 70.7% of children experienced at least one solicited adverse event, of which 33.0% experienced at least one solicited local adverse event and 37.7% experienced at least one solicited systemic adverse event. The most common local reactions were swelling and pain at the infection site, at a frequency of 5.6% (ranging 0% to 14.5% between doses) and 4.1% (ranging 0% to 18.3%) of the combined vaccine doses, respectively. Fever (18.4%, range 13.8% to 26.0%) and irritability (7.9%, range 1.5% to 16.6%) were the most common solicited systemic adverse events, whereas low frequency of diarrhea (3.0%, range 2.3% to 3.8%), loss of appetite (2.6%, range 0% to 7.6%), vomiting (1.0%, range 0% to 3%), and persistent crying and drowsiness/sleepiness (both 0.5%, range 0% to 1.5%) were reported. Most systemic adverse events were mild and very few severe events were reported [38].



Our study has limitations. First, an insufficient number of children with intussusception were enrolled during the risk windows following vaccination to conduct a self-controlled case-series analysis. This may have been due to the global COVID-19 pandemic began in 2020 which may have affected surveillance and resulted in an under detection of intussusception cases. However, it is unlikely that the under detection would have been age related and given the age distribution of intussusception cases observed in this analysis with very low numbers of intussusception cases in young infants, naturally occurring intussusception cases are likely rare at the time of rotavirus vaccine administration in Vietnam. Second, reporting of AEFIs was variable by province and over time, which makes calculating the risk of AEFIs challenging. Better reporting and capture of AEFIs over time may explain the increase in AEFIs by year and the higher rates of AEFIs in Nam Dinh compared with TT Hue. Finally, an increased risk of AEFIs was associated with co-administration of Rotavin-M1 and pentavalent/tetravalent vaccine but this may be due to the pentavalent/tetravalent vaccine and not the rotavirus vaccine. Finally, the global COVID-19 pandemic began in the third year post-vaccine introduction and might seem to affect care-seeking behavior during this period. However, our study showed that the rate of AEFI was higher in this period compared to pre-COVID-19 periods which may reflect the heightened awareness of both medical staff and children parents/guardians for symptom reporting after vaccination.




5. Conclusions


In this study, after 3.5 years of intussusception surveillance, there was no evidence to suggest an association between intussusception and Rotavin-M1 vaccination. The prevalence of AEFI was significantly higher in children vaccinated with Rotavin-M1 and pentavalent vaccine than in children who received Rotavin-M1 vaccine alone.
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Figure 1. Ages at Immunization and at Onset of Intussusception, December 2017 through May 2021. Gray bars indicate the numbers of intussusception cases according to age at symptom onset, and the blue and yellow lines indicate the numbers of doses of Rotavin-M1 administered according to age at immunization. 
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Figure 2. Interval between Rotavin-M1 administration and intussusception onset by dose. * 114 additional cases occurred at greater than 60 days post Rotavin-M1 dose 1 and ** 91 additional cases occurred at greater than 60 days post Rotavin-M1 dose 2 were not included. 
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Table 1. Characteristics of intussusception pediatric patients under 1 year old admitted to hospitals in Nam Dinh and TT Hue provinces from December 2017–May 2021.
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Nam Dinh

(n = 249)

	
TT Hue

(n = 194)

	
Total

(N = 443)

	
p-Value *






	
Surveillance year

	

	

	

	




	
December 2017–November 2018, n (%)

	
73 (29.3)

	
55 (28.4)

	
128 (28.9)

	




	
December 2018–November 2019, n (%)

	
81 (32.5)

	
61 (31.4)

	
142 (32.1)

	
0.91




	
December 2019–May 2021, n (%)

	
95 (38.2)

	
78 (40.2)

	
173 (39.0)

	




	
Age (months)

	

	

	

	




	
<3 months, n (%)

	
1 (0.4)

	
0 (0.0)

	
1 (0.2)

	




	
3–5 months, n (%)

	
16 (6.4)

	
17 (8.8)

	
33 (7.5)

	
0.38




	
6–8 months, n (%)

	
124 (49.8)

	
84 (43.3)

	
208 (47.0)

	




	
9–12 months, n (%)

	
108 (43.4)

	
93 (47.9)

	
201 (45.3)

	




	
Gender

	

	

	

	




	
Male, n (%)

	
157 (63.1)

	
121 (62.4)

	
278 (62.8)

	
0.88




	
Symptoms onset—hospital admission (days)

	

	

	

	




	
1–2, n (%)

	
237 (95.2)

	
175 (90.2)

	
412 (93.0)

	
0.01




	
3–7, n (%)

	
9 (3.6)

	
19 (9.8)

	
28 (6.3)




	
UNKNOWN, n (%)

	
3 (1.2) a

	
0 (0.0)

	
3 (0.7)




	
Range

	
1–6

	
1–6

	




	
Mean (SD)

	
1.4 (0.6)

	
1.5 (0.8)

	

	




	
Treatment

	

	

	

	




	
Air enema, n (%)

	
244 (98.0)

	
186 (95.9)

	
430 (97.1)

	




	
Surgery, n (%)

	
0 (0.0)

	
6 (3.1)

	
6 (1.3)

	




	
Hospital transfer, n (%)

	
5 (2.0)

	
2 (1.0)

	
7 (1.6)

	
0.02




	
Hospital duration (days)

	

	

	

	




	
1–2, n (%)

	
211 (84.7)

	
62 (32.0)

	
273 (61.6)

	




	
3–7, n (%)

	
37 (14.9)

	
126 (65.0)

	
163 (36.8)

	




	
8–14, n (%)

	
0 (0.0)

	
3 (1.5) c

	
3 (0.7)

	




	
>15, n (%)

	
0 (0.0)

	
3 (1.5) c

	
3 (0.7)

	
0.00




	
UNKNOWN, n (%)

	
1 (0.4) b

	
0 (0.0)

	
1 (0.2)

	




	
Range

	
1–4

	
1–23

	

	




	
Mean (SD)

	
2.1 (0.6)

	
3.4 (2.4)

	

	








a cases missing date of symptoms onset. b case with missing hospital discharge date. c case of surgery. * p-value compares the distribution of the characteristics of intussusception pediatric patients in Nam Dinh and TT Hue.













 





Table 2. Relationship between adverse events after immunization with related factors.
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