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Abstract

Using data from rotavirus vaccine effectiveness (VE) studies, we assessed whether rotavirus 

season modifies rotavirus VE in infants. In the first year of life, adjusted VE was 72% for children 

born during rotavirus season and 84% for children born in other months (P = .01). Seasonal factors 

may interfere with vaccine performance.
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Two safe and effective rotavirus vaccines (RotaTeq RV5, Merck Vaccines, and Rotarix RV1, 

GlaxoSmithKline Biologicals) are currently available; both are recommended for global use 

by the World Health Organization (WHO) [1]. In middle- and low-income countries where 

the burden of disease is greatest, there is a pattern of reduced rotavirus vaccine performance, 

demonstrated in both clinical trials and post-marketing studies, with efficacy ranging from 

50% to 95% [2–4]. This is similar to previous experience with other enteric vaccines, 

including those for polio and cholera, which have reduced effectiveness in middle- and low-

income countries [5–7]. A number of factors have been hypothesized to influence vaccine 
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immunogenicity and protection, including nutritional status, preexisting maternal antibody 

levels, breastfeeding, concurrent use of oral polio vaccine (OPV), and coinfection with 

enteric pathogens [8, 9]. Nonetheless, hypotheses regarding which factors modify vaccine 

response remain speculative, since efficacy/effectiveness studies have been powered to 

estimate an overall vaccine effect, rather than differences within subgroups. Therefore, 

efforts to identify factors that could influence and, ultimately, improve the performance of 

vaccines are needed [10].

In temperate regions of the world, rotavirus diarrhea generally peaks during the cool, dryer 

months [11]. In some efficacy trials, rotavirus vaccine was given before the rotavirus season 

as a strategy to potentially maximize vaccine impact [12]. However, there is no clear 

evidence that protection from vaccine is associated with timing of birth in relation to 

rotavirus peak season. Here, our aim was to test the hypothesis that rotavirus vaccination 

confers differential protection depending on whether or not the child is born during the 

historic rotavirus season.

METHODS

The data for this analysis were combined from case-control studies conducted in 4 Latin 

American countries and an ongoing multisite, population-based surveillance network for 

new vaccines in the United States. These studies took place between 2007 and 2012, with 

study duration ranging from 1 to 5 years. The study population and methodology of the 

individual studies were described in detail in original study publications [13–17] (P. A. 

Gastanaduy, et al, unpublished data). Briefly, studies were conducted to assess the 

effectiveness of rotavirus vaccines for the prevention of an emergency department visit or 

hospital admission for rotavirus gastroenteritis among children. All studies were designed 

and conducted based on a generic protocol for monitoring the impact of rotavirus 

vaccination on the burden of gastroenteritis disease [18]. All studies assessed effectiveness 

using at least 1 of the following 3 control groups: children with rotavirus-negative diarrhea 

(enrolled in surveillance for rotavirus diarrhea, but tested negative for rotavirus), healthy 

controls (selected from neighborhood), or hospital-based controls (admitted to hospitals for 

conditions other than diarrhea). Controls were matched to case children by date of birth (±30 

days). All control groups were combined and used in the current analysis.

Children were excluded from our pooled analysis if they (1) were aged <6 months, (2) had 

not completed the vaccination regimen (ie, full series of 2 doses of RV1 or 3 doses of RV5), 

and (3) had missing data on vaccination status or date of birth. As a result of these 

exclusions, the numbers reported in this analysis differ somewhat from those presented in 

original study-specific publications [13–17].

The primary exposure variables of interest were completion (yes/no) of vaccination regimen 

and month of birth. Other covariates included age and country of study. Our definition of a 

rotavirus season for each Latin American country was based on data from the WHO’s global 

surveillance network for rotavirus [19]. For the United States, the rotavirus season was 

defined based on data from the National Respiratory and Enteric Virus Surveillance System 

[20]. Months were considered as a part of the rotavirus season if more than 10% of stool 
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specimens tested positive. Rotavirus season was defined as consecutive months between July 

and December in Bolivia, February and June in El Salvador, February and May in 

Guatemala, and January and April for Nicaragua and the United States. A child was 

considered to be born in rotavirus season if the month of birth was a month identified to be a 

part of rotavirus season as defined above.

All analyses were performed separately for children aged <12 months and ≥12 months. We 

broke the case-control matching and used ordinary logistic regression models to determine 

whether season of birth modified the effect of vaccination on rotavirus diarrhea. Independent 

variables in this model included age (in months), country of study, vaccination status, birth 

season, and an interaction term between vaccination status and birth season. The interaction 

term was examined for significance using the Wald test (the null hypothesis being that the 

interaction term in the regression model is not significantly different from zero). 

Additionally, separate models were fitted for each month of birth to explore the effect of 

individual months on vaccine effectiveness (VE). For this analysis, birth months were 

recoded in a running index from 1 to 12 representing July to June for Bolivia (Southern 

Hemisphere) and January to December for countries in the Northern Hemisphere.

RESULTS

The pooled data from the 5 studies resulted in a dataset of 10, 421 participants (1690 cases 

and 8731 controls). For each country, for infants aged <12 months, VE was lower for infants 

born in the rotavirus season, although the difference was not of statistical significance for 

any individual country.

In the pooled analysis, the effectiveness of rotavirus vaccine was significantly different 

based on a child’s birth season (Wald test, P = .01). Among infants aged <12 months, the 

adjusted VE was 72% (95% confidence interval [CI], 61, 80) for infants born in rotavirus 

season and 84% (95% CI, 78, 88) for infants born in other months (Table 1). However, in the 

second and subsequent years of age, there was no pattern of difference in VE between birth 

seasons (Wald test, P = .54). For children aged ≥12 months, the adjusted VE was 76% (95% 

CI, 70, 81) for children born in rotavirus season and 78% (95% CI, 73, 81) for those born in 

other months. When birth months were analyzed individually, we observed that VE was 

generally lower for children born from December to April (Figure 1). Exclusion of data from 

the United States resulted in a similar but statistically nonsignificant modification of the 

effect of vaccination by birth season in both age groups (data not shown).

DISCUSSION

The findings of our pooled analysis suggest reduced protection from rotavirus vaccination 

for children born during the rotavirus season. Specifically, this effect of birth season was 

restricted to the first year of life, where we noted that VE was 12 percentage points lower for 

those born during months with greater rotavirus activity. The finding of a consistent pattern 

of lower VE for children born during the rotavirus season for each country supports the 

finding that birth season is a real effect. However, this effect was not significant in any single 
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country, as none of the individual studies were powered to detect a smaller VE difference, 

which highlights the value of a pooled analysis to address this issue.

While we identified a seasonal variation in vaccine performance, our findings did not 

identify specific factors, of which there are a few that vary seasonally and that could 

underpin the observed patterns. First, infections with multiple enteric pathogens are very 

common in many developing settings [21–23]. Infection with other enteric pathogens at the 

time of vaccination could potentially interfere and impair response to vaccine [24]. If enteric 

pathogens do interfere with vaccine take, these data suggest that bacterial enteric pathogens, 

which have a higher prevalence during the nonrotavirus season, could be less likely to 

interfere with vaccine take than enteric viruses (eg, noroviruses), which tend to cocirculate 

during the rotavirus season. A second possibility relates to the effects of maternal antibodies. 

Maternal antibody levels are likely to be much higher during the rotavirus season; these 

passively acquired antibodies, which are transferred from mother to child either 

transplacentally or through breastfeeding, correlate with rotavirus vaccine immune response 

[25]. If a mother is exposed to natural rotavirus infection shortly prior to giving birth or 

while breastfeeding, she may transfer higher levels of antibodies that may, in turn, neutralize 

vaccine and decrease the effectiveness of rotavirus vaccine for a child born during months 

with higher rotavirus activity [26]. In theory, an analysis based on timing of vaccination, as 

opposed to season of birth, might differentiate between these 2 hypotheses. However, 

because these 2 events are so highly correlated, it was not possible to distinguish the 2 

mechanisms in our data. Third, the time to first natural rotavirus exposure may vary 

depending on season of birth. Children born and vaccinated in or just after the rotavirus 

season may not have their first exposure to natural virus for nearly 1 year following 

vaccination, while children born during the “low season” may be exposed shortly after being 

vaccinated. If vaccine protection wanes, which some studies from developing countries 

suggest, children who are vaccinated closest to the rotavirus season may have the best 

protection. Also, most children will have been vaccinated and exposed to natural infection 

by their second year of life. Therefore, by that age, children who did not mount a robust 

response to vaccination may have had higher rates of rotavirus gastroenteritis (as suggested 

by our analysis) and therefore “caught up” immunologically with children who became 

protected from vaccine. Finally, simultaneous administration of OPV may interfere with 

response to the first dose of rotavirus vaccine but not the complete 2- or 3-dose course. 

However, OPV is administered routinely year round and so is unlikely to contribute to 

seasonal variation in rotavirus vaccine response.

A few limitations of our study must be acknowledged. First, we included only children aged 

≥6 months and so did not know about their early life exposures. Therefore, we were unable 

to discriminate between a mechanism of waning immunity and differential natural exposure 

histories. Second, given the small number of studies included, we were unable to perform 

more detailed subgroup analyses, such as the role of specific strains and vaccine type in the 

association between VE and birth season. Finally, we combined datasets, accepting that 

there is heterogeneity between individual studies in terms of control recruitment, vaccine 

type, and local epidemiology. These issues should be considered when interpreting the 

results of pooled analyses.
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In summary, our study adds to the evidence of variability of rotavirus vaccine performance 

and suggests that season of birth may influence VE. We did not, however, identify what 

specific causal factor associated with births during rotavirus season reduces VE. Future 

investigations should aim to determine what these factors are, as they could lead to strategies 

that would improve VE. Despite the apparent influence of birth season on effectiveness of 

rotavirus vaccine between age 6 months and 1 year, these and the overall body of data 

strongly support the public health importance of rotavirus vaccine to control severe pediatric 

gastroenteritis.
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Figure 1. 
Effectiveness of rotavirus vaccines by month of birth for children born in Bolivia, El 

Salvador, Guatemala, Nicaragua, and the United States. For Bolivia, rotavirus season was 

defined as the period from July to June, so the calendar was shifted by 6 months to allow for 

comparison with other settings. Vaccine effectiveness (VE) was obtained from separate 

models for each month, adjusted for age (<12 months, ≥12 month) and country of study. VE 

(dots) was plotted with months arranged clockwise in a circle. The axis on the left shows the 

range of values for VEs. The shaded outer ring represents the averaged intensity of rotavirus 

seasonality (darker the shade, higher the intensity).
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