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Effectiveness of the live attenuated rotavirus vaccine
produced by a domestic manufacturer in China studied
using a population-based case–control design

Shan-Shan Zhen1,*, Yue Li1,*, Song-Mei Wang2,*, Xin-Jiang Zhang3,*, Zhi-Yong Hao3,*, Ying Chen1,
Dan Wang1, Yan-Hong Zhang3, Zhi-Yong Zhang3, Jing-Chen Ma4, Peng Zhou1, Zhen Zhang1,

Zhi-Wei Jiang5, Yu-Liang Zhao4 and Xuan-Yi Wang1

A universal rotavirus (RV) immunization program is a potentially cost-effective measure for preventing RV infection in China. However, the

efficacy of the only licensed RV vaccine (Lanzhou lamb rotavirus vaccine, LLR), which is made by a domestic manufacturer, has not been

proven by a properly designed clinical trial. In October 2011 to March 2012, to measure the potential protection provided by LLR, a case–

control studynested ina population-basedactivediarrhea surveillance study of children ,5 years of agewasconducted in rural Zhengding

county. During the study period,308 episodes of diarrheawere identified as being caused byRV infection, resulting in an incidence rate of

48.0/1000 people/year. The predominant RV serotype was G3 (61.5%), followed by G1 (15.2%), and G9 (6.5%). Overall, a protection

of 35.0% (95% confidence interval (CI), 13.0%–52.0%) was identified, and higher protection was found among moderate RV gastro-

enteritis cases caused by the serotype G3 (52.0%; 95% CI: 2.0%–76.1%). A concurrently conducted case–control study comparing

non-RV viral diarrheal cases with non-diarrheal controls in the same population found that the RV vaccine offered no protection against

non-RV diarrhea. Even under a less ideal immunization schedule, the oral LLR conferred a certain level of protection against RV gastro-

enteritis. However, further studies are needed to understand the full characteristics of the LLR, including its efficacy when administered

following the optimal regimen, the potential risk of inducing intussusception, and the direct and indirect protective effects of LLR.
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INTRODUCTION

Acute gastroenteritis is the leading cause of childhood illness world-

wide and in China.1,2 Rotavirus (RV) is the leading pathogen that

causes severe gastroenteritis in children,3–5 and infects virtually all

children by 5 years of age in both industrialized and developing coun-

tries.4,6 Improving the safety control of water and food and implement-

ing a better sanitation program seem unlikely to reduce the occurrence

of diseases caused by RV.7 In China, published data indicates that

RV-associated hospitalizations account for 32%–50% of all hospitali-

zations for diarrhea among infants and children ,5 years of age.8–11

With the introduction of effective RV vaccines produced by major

Western pharmaceutical companies, a cost-effectiveness analysis indi-

cated that a universal RV immunization program can be expected to

result in high net savings by decreasing the hospitalizations of immu-

nized patients.6 As China is the country with the largest human popu-

lation in the world, it should also consider RV vaccination as a potential

cost-effective measure against RV infection.4

A RV vaccine called Lanzhou lamb rotavirus vaccine (LLR) has been

developed and licensed in China since 2000.4,12 At the end of 2014, a

total of 60 million doses of LLR had been distributed to children in

China. However, the efficacy of LLR has not been recognized internation-

ally as it has not been confirmed by a properly designed pre-licensure

clinical trial.12,13 Several hospital-based case–control studies have mea-

sured the effectiveness of LLR in the past; however, the results of those

studies were inconsistent.14–16 The current report describes a population-

based active surveillance study conducted between 1 October 2011 and

31 March 2012 among children less than 5 years of age in Zhengding

county, Hebei Province, China, which is located 270 km south of Beijing.

The aim of this study was to define the occurrences of RV, calicivirus,

astrovirus, and adenovirus infection in this study population, and this

study provided a good opportunity for evaluating the effectiveness of

LLR using a population-based case–control design.

MATERIALS AND METHODS

Study population and information collection

In total, 34 villages located in five townships in Zhengding County,

Hebei Province, China, were selected as the catchment area for this

population- and health-care facility-based viral diarrhea surveillance
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targeting children ,5 years of age. All health-care providers possibly

offering health care for children living in the catchment area were

included in the surveillance system, including 101 village clinics, five

township hospitals, and one county hospital. According to the registra-

tion records from the EPI registration system in Zhengding County’s

Center for Disease Control and Prevention (Zhengding CDC), in 2011,

5724 children less than five years of age lived in the catchment area.

Surveillance design

The surveillance was conducted in a six-month period from 1 October

2011 to 31 March 2012, which covered the entire peak season for RV

diarrheal illness in children.8,10,11 The study protocol was developed

using the generic protocol for RV surveillance from the World Health

Organization.17,18 The study population included children less than

five years of age residing in the catchment area who presented to a

participating health-care facility with acute–onset diarrhea and whose

parents or guardians gave informed consent for enrollment in this

study. A trained community health-care worker visited each child

living in the corresponding community (either at home or over the

telephone) once every week to collect diarrhea information indepen-

dently from that obtained by the health-care facility.

For every patient presenting with diarrhea, a case report form (CRF)

was generated describing demographics, medical history, physical

examination, and the management plan. Two rectal/stool swabs or a

stool specimen were obtained. A community health-care worker vis-

ited the patients once a week until they had full recovered from diar-

rhea. At these follow-up visits, a questionnaire was completed that

recorded demographics, medical history since the onset of diarrhea,

follow-up examination, and management practices executed.

Bulk stools were obtained by health-care providers within 1 h of

presentation and were tested with a commercial enzyme-linked

immunosorbent assay (ELISA) (DAKO Diagnostics Ltd,

Cambridgeshire, UK) according to the manufacturer’s instructions.

Stool samples that were positive for RV were G and P genotyped using

a heminested multiplex reverse-transcriptase polymerase chain reac-

tion (RT-PCR) assay.19 In addition, all stool samples, regardless of the

results of RV detection, were tested for calicivirus and astrovirus using

RT-PCR and for adenovirus using PCR as previously reported.20

Diarrhea was defined as three or more loose bowel movements during

a 24-h period. Recovery was defined as the cessation of loose stools for

three consecutive days. A RV episode was defined as an episode of

diarrhea with a positive RV ELISA test.

To quantify the severity of gastroenteritis, a modified version of the

widely used Vesikari Clinical Severity Scoring System was used, with

scores ranging from 0 to 20. In China, an intravenous infusion (IV)

therapy is widely used upon the presentation of diarrhea in health-care

facilities, reducing the incidence of dehydration in clinical practice;

thus, the parameter named dehydration was defined as zero in this

analysis. Additionally, due to the reimbursement policy of the health

insurance system in China, a higher percentage of medical expenses

incurred during hospitalization are covered by insurance than

expenses incurred as an outpatient, resulting in hospitalization being

an unreliable indicator of disease severity. In this analysis, hospitaliza-

tion was defined as receiving IV therapy o three consecutive days at a

health-care facility. An episode of gastroenteritis was considered

severe with a score o11 and moderate with a score o7 and ,11.21

Lanzhou lamb rotavirus vaccine

Currently, the only licensed LLR in China was developed by Lanzhou

Institute of Biological Products Co. Ltd. in 2000.4,12 The vaccine strain

was originally isolated from a lamb with diarrhea in 1985 and is char-

acterized as G10P[12]. The attenuation of this strain was completed by

passaging it in primary kidney cells of a newborn calf for 37 passages,

named LLR-85-37.22 The vaccine was reported to be safe and

immunogenic;23 however, its efficacy has not been proven by a well-

designed, randomized, placebo-controlled trial.12,13 The LLR is a

liquid formulation with buffer containing .5.5 log CCID50 (50% cell

culture infective dose) per dose in a volume of 3 mL, and it is given to

children between 2 and 35 months of age at one dose per year for three

consecutive years. The LLR was introduced in 2008 and has reached a

coverage of ,30% among children less than five years of age in the

study area.

Study design for vaccine effectiveness

Two case–control studies nested within the population-based surveil-

lance were applied to measure the effectiveness of the LLR. The first

(effectiveness study) aimed to estimate the protective effectiveness of the

LLR24 and the second (bias indicator study) aimed to assess whether the

results of the effectiveness study could be attributed to bias.25 The source

population for cases and controls in each of the two studies was nested

in the viral diarrhea surveillance. The cohort was dynamic and included

children who were still less than 60 months of age on 31 March 2012,

which was the date of study completion. Because RV infection in chil-

dren is not affected by socio-economic status, to minimize potential

selection bias, the effectiveness study was performed using a matched

case–control design. The first study contrasted cases of RV diarrhea with

non-diarrheal controls; the second study contrasted astrovirus, adeno-

virus, and calicivirus diarrhea cases with non-diarrheal controls. The

absence of vaccine protection in the second study was considered to

suggest the absence of bias in the first analysis.

Definition and selection of cases and controls. In the effectiveness

study, RV diarrhea was defined as a laboratory-confirmed RV infection

in a child less than five years of age. We restricted cases for the bias

indicator study to those presenting with astrovirus, adenovirus, or cali-

civirus diarrhea. Repeated episodes during the study period were cate-

gorized by the following principles: (i) patients with RV-, calicivirus-,

astrovirus-, and adenovirus-negative episodes were excluded from both

analyses; (ii) for patients with repeated RV infections, only the first-

identified episode was included in the effectiveness study (there were

only three reinfections with RV); (iii) diarrhea episodes in patients

positive for RV and calicivirus, astrovirus, or adenovirus were classified

as RV diarrhea; (iv) patients with calicivirus, astrovirus, or adenovirus

diarrhea were included as a case only once in the bias indicator study.

The assembly of the two sets of cases is shown in Figure 1.

During the study period, children less than five years of age without

diarrhea who lived in the catchment area were candidates for controls

for both the effectiveness and bias indicator studies. For each RV case

and non-RV case (calicivirus, and/or astrovirus, and/or adenovirus),

four individually matched controls were selected in order of identifica-

tion number (ID) assigned in the census database based on the fol-

lowing criteria: (i) living in the same township as the case; (ii) same

gender as the case; and (iii) born within 90 days of the case. No control

could be shared within or between the effectiveness study and bias

indicator study. Considering the relatively wide age-matching caused

by the one child policy, a sensitive analysis applying different age-

matching was performed to adjust for potential bias.

Ascertainment of vaccination and potentially confounding

variables. Because the LLR has not been integrated into the

Expanded Program on Immunizations (EPI) program, the parents
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of vaccinees have to pay for it out of pocket. Based on the current rule,

the producers of non-EPI vaccines should compensate individuals for

medical costs incurred due to vaccination-associated adverse events.

The sole evidence for compensation is the record on the immunization

card possessed by the parents. Before launching surveillance, LLR

status was copied from vaccination cards held by parents or guardians

and entered into a census database during the home visit for the census

survey. Each qualified child was assigned an ID number. Vaccination

was defined as receipt of at least one dose of the LLR documented on

the vaccination card, and most vaccinees only received the first dose of

the LLR. For those individuals who were not able to show the immun-

ization card, a sensitive analysis of vaccine effectiveness was conducted

in regards to the different classifications of vaccination. A break-

through RV infection was defined as a laboratory-confirmed RV infec-

tion in a vaccinated child at least 14 days after completion of the first

dose of the LLR.

Data management and analysis

All CRFs were double entered into a custom-made data entry program

(the EpiData program, version 3.1). The data management programs

include error as well as consistency check programs. We used the SAS

program (SAS Institute Inc., Cary, NC, USA) for the statistical ana-

lyses. A total of 288 RV infection cases were required to compute a

vaccine effectiveness of 70% with a statistical power of 80% using a

matched design with a case to control ratio of 1:4. The incidence rates

were calculated based on the cohort residing in the catchment area

during the study period. Before launching the study, demographic

data were transferred from the EPI program system stored in

Zhengding CDC to the census database and were verified during the

census survey. An ID was assigned to each child by township following

the sequence of registration in the EPI system. After the completion of

the study and data cleaning, the census database containing vaccina-

tion histories was linked to the surveillance database, which included

clinical and laboratory information by ID and child name. For both

the effectiveness and bias indicator studies, vaccine protections against

RV gastroenteritis and, specifically, severe RV gastroenteritis were

calculated using a conditional logistic regression model. Vaccine pro-

tection, expressed as (1 minus the adjusted odds ratio of RV gastro-

enteritis in vaccinees versus non-vaccinees) 3 100%, was estimated by

exponentiating the coefficient for the vaccine variable in the mod-

els.24,26 All P values and 95% confidence intervals (95% CI) were

interpreted in a two-tailed fashion. Statistical significance was desig-

nated as a P value less than 0.05.

Ethics

This study was reviewed and approved by the Institutional Review

Board of the Hebei Center for Disease Control and Prevention, and

the Institutional Review Board of the Institutes of Biomedical

Sciences, Fudan University. Written inform consent was obtained

from the parent/guardian of each child. The study was performed in

accordance with the ethical standards laid down in the 1964

Declaration of Helsinki and its later amendments.

RESULTS

During the study period, the total number of children ,5 years of age

enrolled in the dynamic cohort was 6441 (5533 and 5733 children were

,5 years of age at the time points of 1 October 2011 and 31 March

2012, respectively). Except for 77 (1.2%) children who emigrated

during the study period, and thus excluded in this analysis, vaccina-

tion status could not be determined for 46 (0.7%) children whose

Dynamic cohort
n = 6443 childern

Refused for home visit
n = 63 children

Refused to provide stool
sample and follow-up
n = 121 (99 children)

Episode with stool sample
n = 1090 (895 children)

Rotavirus positive
n = 308 (305 children)

G1
n = 47

G3
n = 189

G9
n = 20

G1+G3
n = 9

G3+G9
n = 6

Untypable
n = 37

Calicivirus/astrovirus/
adenovirus positive

n = 226 (226 children)

Calicivirus/astrovirus/
adenovirus negative

n = 556 (364 children)

Rotavirus negative
n = 782 (590 children)

Diarrhea episode
n = 1211 (994 children)

Figure 1 Summary of participants in the two case–control studies. Note, among RV-positive cases, 37 cases were co-infected with calicivirus, astrovirus, and/or

adenovirus.
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vaccination card was lost. Finally, 1412 (21.9%) children were con-

firmed to have received at least one LLR dose, with a cumulative

coverage of 22.3% (1412/6441). The majority of children (90.5%)

received the first LLR dose between 6 months and 24 months of age

(Table 1).

From 1 October 2011 to 31 March 2012, 1211 diarrhea episodes

were reported through the surveillance system (Figure 1). Of these,

1091 (90.1%) provided stool samples for a RV test, and 308 episodes

were RV-positive, resulting in an incidence rate of 48.0/1000 people/

year. The predominant serotype of RV was G3 (61.5%), followed by

G1 (15.2%), and G9 (6.5%). Of the RV-negative episodes, 226 were

confirmed as calicivirus, astrovirus and/or adenovirus infection, and

they composed the non-RV case group for the bias indicator study.

Overall, 58 episodes of severe gastroenteritis were observed during the

entire study period. More episodes of severe and moderate gastro-

enteritis were found among RV gastroenteritis cases (13.3% and

34.7%) than among non-RV gastroenteritis cases (2.2% and 20.0%)

(P , 0.0001).

Overall, 305 RV cases (mean age: 14.9 months with a standard

deviation (SD) of 7.7 months) and 1220 controls (mean age: 17.6

months with a SD of 7.7 months) were included in the effectiveness

study, and a protection rate of 35.0% (95% CI, 13.0%–52.0%) was

identified, with the children whose vaccination cards were unavailable

being considered to have not received the LLR. Higher protection was

found against moderate/severe RV gastroenteritis caused by serotype

G3 (53.0%; 95% CI: 15.0%–75.0%). Because the majority of RV

gastroenteritis cases were caused by the G3 serotype during the study

period, a sub-group analysis was performed to estimate the protection

against any G3 serotype RV gastroenteritis and, specifically severe G3

RV gastroenteritis; other sub-group analyses were not performed due

to the small sample size.

A notable difference in vaccine protection was not detected between

conservative and non-conservative scenarios (Table 2). Based on the

conservative scenario, the average ages of RV attack were 17.8 months

(SD: 7.9 months) and 12.1 months (SD: 7.2 months) among children

who did and did not receive the vaccine, respectively (P , 0.001). For

patients who developed RV diarrhea after receipt of the LLR, the

median time between vaccination and presentation of RV diarrhea

was 7.4 months [interquartile ratios (IQR): 4–12 months].

The bias indicator study included 226 children with gastroenteritis

caused by calicivirus, astrovirus and/or adenovirus and 904 controls.

The mean ages of the non-RV cases and controls were 16.8 months

(SD: 10.5 months) and 18.3 months (SD: 10.5 months), respectively.

The protection against RV gastroenteritis was estimated to be 12.5%

(95% CI: 2 20.4% to 36.5%; P 5 0.41).

To detect potential bias introduced due to relatively wide age-

matching, odds ratios were calculated by the subsets of controls born

within 60 and 45 days of the case’s date of birth and were compared to

the results obtained by matching the controls to within 90 days of age

of the cases based on the conservative scenario (Table 3). Fortunately,

a notable difference was not observed with the narrowing of the

matching age.

DISCUSSION

In early 1980s, Vesikari was the first to attempt the clinical develop-

ment of an oral vaccine derived from a bovine strain of RV. The oral

bovine vaccine showed 50% protection against any RV diarrhea and

88% protection against severe RV diarrhea. This result indicated that

live oral RV vaccines could be more highly effective against severe RV

diarrhea than against milder disease.27 Subsequently, several RV

vaccines were developed worldwide.12,28 Of these, the LLR was the

second to be developed and was licensed in 2000 in China. However,

to date, few data are available about the efficacy of the LLR due to the

lack of a proper phase III clinical trial.12,13 While not ideal, the

population-based diarrhea surveillance provided a unique oppor-

tunity to test the effectiveness of the LLR in a real-world setting.

Overall, a low-level of protection against RV gastroenteritis, regard-

less of severity, was demonstrated by this current case–control study

nested in an active population-based surveillance. Similar to prev-

iously published studies,29,30 higher protection was found for severe/

moderate than for mild RV gastroenteritis. It must be admitted that

even the highest protection of 52% against moderate RV gastro-

enteritis caused by serotype G3 is not satisfactory for a prophylactic

vaccine, because the current used regimen for LLR, which children

receiving one dose per year for three consecutive years between the

ages of 2 and 35 months, is generally not preferred. Worldwide,

the consensus for optimized immunization schedules to maximize

the efficacy of a RV vaccine is to vaccinate before RV gastroenteritis

occurs and before a sizeable proportion of the target population

acquires natural infection, which is typically at 6 months of age.5,31

Considering the typical age distribution of RV gastroenteritis, RV

vaccination of children .24 months of age is not recommended.6

Conversely, in the current study, only 1.3% of children received the

first LLR dose before 6 months of age. This may have resulted in a

great reduction of the real protection against RV gastroenteritis

offered by LLR immunization. Moreover, in contrast to randomized,

controlled clinical trials (RCTs), which are idealized evaluations of

vaccine efficacy, the present study was conducted under the real-life

conditions of a routine public health program and, thus, measured

vaccine effectiveness.32 In recent years, RCTs conducted in Asian and

Africa countries observed inferior efficacies of two internationally

available RV vaccines, namely RotaRix and RotaTeq.33–35 Taking

all of this into consideration, studies aimed at measuring either the

efficacy or effectiveness of LLR with a rationale regimen are strongly

recommended.

Currently, the need for RV vaccines to induce serotype-specific

protection in order to achieve promising protection against RV infec-

tion across regions and countries is not fully understood. Some studies

have reported a dominance of serotype-specific neutralizing antibod-

ies following natural infection,36 while other studies of naturally

infected children found that the correlation of protection with neut-

ralizing antibody titers was not serotype-specific.37 In the current

study, though the LLR was animal sourced and characterized as

G10P[12], it appeared to confer cross-protection against infection

caused by RV serotype G3. Nevertheless, given the diversity and

Table 1 Details of vaccination status among children who received at

least one dose of LLR

Age at vaccination

(month)

Number of children (%)

First dose Second dose Third dose

0– 17 (1.3) 0 0

6– 642 (47.2) 0 0

12– 342 (25.2) 6 (3.4) 0

18– 256 (18.1) 83 (46.6) 0

24– 104 (7.7) 54 (30.3) 1 (8.3)

30– 38 (2.8) 23 (12.9) 8 (66.7)

36– 13 (1.0) 12 (6.8) 3 (25.0)

Total 1412 178 12
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shifting of dominant RV subtypes in China, more studies, including

in-depth analyses of serum antibody cross-reactivity, are needed.38

We are aware of several limitations pertaining to the present study.

First, the use of an observational study design rather than a rando-

mized trial is associated with potential bias. However, several features

of this study helped to ensure the validity of the results. The study was

nested within a population-based, prospective and active surveillance

for diarrhea among children ,5 years of age, and the controls were

selected in a matched fashion from the same population, which likely

reduced the selection bias. Although the histories of vaccination were

documented retrospectively, they were collected prior to the surveil-

lance without knowledge of case–control status. For the children with-

out vaccination cards, a notable difference was not detected by

sensitive analysis, regardless of the classification of vaccination status.

Thus, the conclusions of this study were less likely to be weakened by

misclassification bias.39–41 A similar likelihood of receiving or not

receiving the vaccine is also critical for determining vaccine effective-

ness. Though the willingness to pay for LLR in the catchment area was

not assessed, several published studies concluded that the most

important factor impacting non-EPI vaccine coverage was the cost

of the vaccine.42–44 For RV infection, it is well-known that similar

incidences are observed in both developing and developed countries.

Thus, the potential economic inequality between families may not

have biased the results. Moreover, a bias-indicator case–control study

was performed using procedures identical to those for the study of

vaccine protection. As expected, protection against diarrhea caused by

calicivirus, astrovirus, and adenovirus was not found to be provided

by LLR in any capacity.

Second, the inequality of probability to infection between cases and

controls is critical for the evaluation of vaccine effectiveness using a

case–control design. With regard to the epidemiologic characteristics

of RV infection, children at different months of age are associated with

different risks. Ideally, more strict age matching, for example, within

30 days, could be applied. However, due to the one-child policy in

China, such strict matching criteria cannot reasonably be carried out

in the real world. Fortunately, a notable difference in effectiveness was

not observed in the sensitive analysis, which narrowed the matching

age. Thus, there is no evidence to speculate that the current age match-

ing biased the results.

Third, the number of laboratory-confirmed RV infections was not

sufficient to thoroughly demonstrate the cross-protection against RV

gastroenteritis caused by serotypes G1 and G9, which are the most

common serotypes, and serotype G3 in China.38

In summary, even under a far-from-ideal immunization schedule,

the oral LLR produced by a domestic manufacturer did confer a cer-

tain amount of protection against RV gastroenteritis in Zhengding

county, which had a high incidence of RV infection during the study

period.4,5 To thoroughly define the characteristics of the LLR, many

factors, including its true efficacy with a rationale regimen, the poten-

tial risk of inducing intussusception, and its direct and indirect pro-

tective effects, need to be studied further.

Table 2 Estimates of the odds ratio (OR) for vaccination with human rotavirus vaccine (HRV) in the effectiveness and bias indicator studies

Proportion vaccinated (%)

Case patients Control subjects OR (95% CI) P value

Effectiveness study: non-conservative scenario

All severities

Against all serotypes 51/305 (16.7%) 304/1220 (24.9%) 0.65 (0.48–0.87) 0.0062

Against G3 31/204 (15.2%) 324/1321 (24.5%) 0.59 (0.40–0.87) 0.0076

Moderate/severe illness

Against all serotypes 23/147 (15.7%) 332/1378 (24.1%) 0.61 (0.39–0.95) 0.0305

Against G3 12/100 (12.0%) 343/1425 (24.1%) 0.47 (0.25–0.85) 0.0136

Effectiveness study: conservative scenario

All severities

Against all serotypes 53/305 (17.4%) 305/1220 (25.0%) 0.68 (0.50–0.92) 0.0111

Against G3 33/204 (16.2%) 325/1321 (24.6%) 0.63 (0.43–0.92) 0.0162

Moderate/severe illness

Against all serotypes 24/147 (16.3%) 334/1378 (24.2%) 0.64 (0.41–0.99) 0.0448

Against G3 13/100 (13.0%) 345/1425 (24.2%) 0.50 (0.28–0.91) 0.0224

Bias indicator study: non-conservative scenario

All severities 49/226 (21.7%) 224/904 (24.8%) 0.86 (0.63–1.19) 0.3749

Bias indicator study: conservative scenario

All severities 50/226 (22.1%) 226/904 (25.0%) 0.88 (0.64–1.20) 0.4122

Non-conservative scenario: vaccination history of those children who could not provide vaccination card was defined as having not received LLR; Conservative scenario:

vaccination history of those children who could not provide vaccination card was defined as having received LLR.

Table 3 Sensitive analysis of VE against all serotypes of RV with

different age matching based on the conservative scenario

Proportion vaccinated (%)

Case patients Control subjects OR (95% CI)

Matching age ,90 days between cases and controls

All severities 53/305 (17.4%) 305/1220 (25.0%) 0.68 (0.50–0.92)

Moderate/

severe

illness

24/147 (16.3%) 334/1378 (24.2%) 0.64 (0.41–0.99)

Matching age ,60 days between cases and controls

All severities 53/305 (3.49%) 299/1214 (19.68%) 0.70 (0.52, 0.94)

Moderate/

severe

illness

17/109 (1.12%) 335/1410 (22.05%) 0.61 (0.36–1.03)

Matching age ,45 days between cases and controls

All severities 53/305 (3.50%) 294/1209 (19.42%) 0.71 (0.52–0.96)

Moderate/

severe

illness

17/109 (1.12%) 330/1405 (21.80%) 0.62 (0.37–1.04)
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