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Abstract

Live, oral rotavirus vaccines are more effective at preventing rotavirus disease in countries 

with low child mortality compared to high child mortality. Among several hypotheses, poorer 

protection in malnourished children, who are more prevalent in countries with high child mortality, 

may partially explain this difference. We conducted a literature search to identify articles with 

a laboratory-confirmed rotavirus endpoint that evaluated differences by malnutrition status in 

rotavirus vaccine effectiveness and efficacy (VE) or the prevalence of rotavirus infection or illness 

among children <5 years old. We identified 7 analyses from 11 countries published from 2007–

2019 that stratified rotavirus VE by malnutrition status. Among well-nourished children, VE point 

estimates ranged from 71–84% in observational studies and 26–61% in clinical trials. Among 

malnourished children, they ranged from −28–45% in observational studies and −3–61% in 

clinical trials. The relative difference between VE in well-nourished and malnourished children by 

length-for-age ranged from 37–64%, by weight-for-age ranged from 0–107%, and by weight-for 

height ranged from −65–137%. We identified 3 cohort and 6 cross-sectional studies of natural 

rotavirus infection and illness and none reported that malnourished children were more susceptible 

to rotavirus infection or illness than well-nourished children. Overall, rotavirus vaccines may 

offer less protection to children with malnutrition than well-nourished children. As malnourished 

children often have worse outcomes from diarrhea, high rotavirus vaccine coverage and a better 

understanding the performance of oral rotavirus vaccines in this population is important, though 

our finding that malnourished children may be less susceptible to rotavirus provides important 

context and information for vaccine evaluation design.
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Introduction

Despite the availability of rotavirus vaccines since 2006, rotavirus is estimated to cause 

approximately 200,000 deaths worldwide among children <5 years old (1, 2). In 2009, 

the World Health Organization (WHO) expanded the recommendation for 2 live, oral 

rotavirus vaccines (Rotarix (GlaxoSmithKline Biologicals, Rixensart, Belgium) and RotaTeq 

(Merck & Co., West Point, PA, USA)) to all countries (1) and 2 additional live, oral 

rotavirus vaccines, Rotasiil (Serum Institute of India Pvt. Ltd., Pune, India), and ROTAVAC 

(Bharat Biotech International Ltd., Hyderabad, India) were prequalified in 2017 (3). To date, 

>100 countries have introduced a rotavirus vaccine into their routine, infant immunization 

schedule (4). In observational studies and clinical trials, a difference of about 20 percentage 

points in Rotarix and RotaTeq performance by a country’s <5 year old child mortality level 

has been documented (5, 6). While there are several hypotheses for lower rotavirus vaccine 

performance in higher mortality countries, including interference by oral polio vaccine, 

differences in gut microbiome and prevalence of malnutrition, the contribution to reduced 

effectiveness by these possible factors is unknown (7, 8).

Malnutrition in children has a high burden of disability and mortality and long-term 

malnutrition before a child’s 2nd birthday has irreversible, lifelong impacts (9–12). Though 

child malnutrition has been declining worldwide, progress has been uneven and more 

than 1 in 3 children in Sub-Saharan African and South Asia have chronic malnutrition 

(9, 13). There are 3 common anthropometric indicators of malnutrition in children: 

length-for-age (stunting), weight-for-length (wasting), and weight-for-age (a combination 

of wasting and stunting). Low length-for-age, that is length-for-age with a Z-score of <−2, 

is considered a measure of long-term malnutrition while low weight-for-length suggests 

acute malnutrition (14). Additionally, malnutrition can be characterized by deficiencies in 

micronutrients, such as zinc, vitamin A and iron, and can be measured by serum levels of 

these micronutrients (10, 13, 15). Related to malnutrition, environmental enteric dysfunction 

(EED) is an asymptomatic condition characterized by malabsorption, increased permeability, 

and increased inflammation in the small intestine due to frequent enteropathogen infections 

(11, 16). EED can be measured with fecal and serum biomarkers and has been linked 

to poor weight gain and stunting (11, 16–19). Malnutrition is associated with increased 

susceptibility to disease and there is limited evidence that it also impairs oral and parenteral 

vaccine performance (8, 20, 21). There is insufficient evidence from a limited number of 

evaluations to determine if EED impairs oral vaccine performance, including oral rotavirus 

vaccine performance (22).

In this review of the literature, we aim to summarize the available data of natural rotavirus 

infection and illness by nutritional status and quantify rotavirus vaccine performance among 

well-nourished and malnourished children <5 years old.

Methods

Literature search methods and inclusion criteria

The literature search was conducted in 3 parts and completed on October 2, 2020. First, we 

reviewed articles identified as part of a systematic review of rotavirus vaccine post-licensure 

Burnett et al. Page 2

Pediatr Infect Dis J. Author manuscript; available in PMC 2021 October 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



effectiveness for any analyses that stratified vaccine effectiveness (VE) by well-nourished 

and malnourished children <5 years old (5). Detailed methods and exclusion criteria for the 

initial search have been previously described (5). We completed a second PubMed search of 

abstracts including “rotavirus” and the terms “*nutrition”, “*nourished”, or “environmental 

enter*” to identify articles on rotavirus prevalence or rotavirus vaccine efficacy (VE) or 

immunogenicity in clinical trials. Finally, we reviewed the references and citing articles 

of key publications because analyses of natural rotavirus infection stratified by nutritional 

status were often secondary objectives or rotavirus was one of many enteropathogens tested 

and both were not always indicated in the title or abstract.

We included articles that had a laboratory-confirmed rotavirus endpoint and categorized 

malnutrition among children <5 years old using anthropometric indicators. Laboratory­

confirmed rotavirus endpoints included rotavirus-positive diarrhea, rotavirus-positive stool 

specimens (rotavirus infection), presence of rotavirus antibodies in serum specimens 

(seropositivity), and an increase in the concentration of rotavirus antibodies in serum 

specimens (seroconversion). Articles were excluded if nutritional status was defined by 

feeding method only, for example exclusively breastfed or duration of breastfeeding. 

Among evaluations of natural rotavirus infection prevalence, we excluded articles where 

the relationship being investigated was diarrhea as the cause of malnutrition or malnutrition 

as a predictor diarrhea illness outcomes. We limited VE articles to those published in 2006 

or later; we did not limit articles about natural infection by date of publication.

Finally, articles that measured vaccine performance by EED status were excluded as we 

determined no additional analyses were published since the publication of another a recent 

literature review and that the variation in methods limited our ability to meaningfully 

aggregate the results (22). Two rotavirus prevalence articles that otherwise met our inclusion 

criteria used the same dataset, with 1 year of overlap in data collection period; however, the 

earlier article included more types of anthropometric indicators of malnutrition, so we chose 

to include both articles. For a multi-country study of malnutrition and intestinal infections 

in children in low-income countries (the Etiology, Risk Factors and Interactions of Enteric 

Infections and Malnutrition and the Consequences for Child Health and Development or 

MAL-ED study), we chose to include overall results, rather than published findings from 

any individual country.

Analytic methods

We divided the articles into two groups: rotavirus prevalence and performance of 

rotavirus vaccines; we further categorized vaccine performance evaluations by VE and 

immunogenicity. For each group, we describe the study population, design, and analytic 

methods as well as summarize key, common findings across studies. Data were abstracted 

using a Microsoft Excel database, analyzed using R v.6.3.1, and figures generated using the 

ggplot2 package (23).
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Results

Vaccine efficacy and effectiveness by nutritional status

We identified 7 analyses from 11 countries published from 2007–2019 that stratified 

rotavirus vaccine efficacy or effectiveness by malnutrition status using anthropometric 

indicators (Table 1a and Table 1b). Five studies used Rotarix and 1 used RotaTeq, which 

included separate analyses for 2 groups of countries. One Rotarix and both RotaTeq 

analyses were post-hoc VE analyses of clinical trial data, which measured malnutrition 

at time of receipt of the first rotavirus vaccine dose; the 4 case-control VE evaluations of 

Rotarix measured malnutrition at the time of the child’s diarrhea illness. Overall among 

well-nourished children, the VE point estimates ranged from 71–84% (median: 77%) for 

observational studies and 26–61% (median: 32%) for clinical trials (Figure 1). Among 

malnourished children, the VE point estimates ranged from −28–45% (median: 20%) for 

observational studies and −3–61% (median: 21%) for clinical trials. The range of relative 

difference between VE in well-nourished and malnourished children was 37–64% (median: 

61%) in the 4 studies that classified malnutrition by length-for-age, 0–107% (median: 62%) 

in the 4 studies that classified malnutrition by weight-for-age, and −65–137% (median: 

111%) in the 3 studies that classified malnutrition by weight-for height (Figure 2). The 

post-hoc clinical trial analyses found a smaller relative difference between malnourished 

and well-nourished children than the case-control evaluations of rotavirus vaccine under 

conditions of routine use.

We identified two additional clinical trials that measured immunogenicity after vaccination 

with Rotarix. One found that normal length-for-age was predictive of anti-rotavirus IgA 

seroconversion and seropositivity. The other found no association between anti-rotavirus IgA 

seroconversion and any anthropometric indicator of malnutrition. The age groups for these 

two studies were quite different, making any summary measures a challenge.

Rotavirus prevalence by nutritional status

We identified 3 cohort and 6 cross-sectional studies comparing natural rotavirus infection 

and illness in well-nourished and malnourished children published 1990–2019 (Table 2). In 

1 of the 9 studies, data was collected in 8 countries and rotavirus vaccine was available in 

half of the countries during part or all of the data collection period; in all other studies, 

rotavirus vaccines were not available through the national immunization program at the 

time of data collection. Overall, of the 12 countries that are represented, 11 are low- or 

middle-income countries. Study populations and design were variable in these evaluations; 

malnutrition was assessed at different timepoints relative to testing for rotavirus, making 

comparisons across studies challenging. In two studies that considered rotavirus infection 

as the endpoint, there was no association found with length-for-age, weight-for-age, or 

weight-for-length. In the 7 studies where rotavirus illness was the outcome of interest, 4 

found malnourished children were less likely to have rotavirus diarrhea than well-nourished 

children and 3 found no association. Finally, 1 study in a pre-vaccine setting found lower 

IgG titers in weight-for-age malnourished children than well-nourished children and no 

differences in IgM titers by anthropometric indicators of malnutrition. Overall, none of the 
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articles found malnourished children were more likely to have rotavirus than well-nourished 

children.

Discussion

We found in 9 of 11 analyses that the rotavirus VE point estimate was lower among 

malnourished children compared to well-nourished children. The VE among well-nourished 

children was remarkably consistent across studies, with a range of <20 percentage 

points for each vaccine and were slightly higher than those found by a meta-analysis 

of post-introduction VE (5), which included both well-nourished and malnourished 

children, supporting the hypothesis that rotavirus vaccines provide better protection to well­

nourished children than malnourished children. Overall, rotavirus VE among malnourished 

children was consistently lower than for well-nourished children in studies that measured 

malnutrition at the time of the child’s illness and mostly lower in the clinical trials, where 

malnutrition was measured at the time of vaccination (~6 weeks of age). However unlike 

well-nourished children, there was a wide range of VE estimates among malnourished 

children, even among studies using the same anthropometric indicators of malnutrition, 

though the overall medians were similar between observational and trial data. Although 

we didn’t formally include sample size in this evaluation due to inconsistent reporting, 

fewer children were malnourished than well-nourished, likely making the VE estimates for 

malnourished children less precise and more unstable.

The relative difference between VE among chronically malnourished (low length-for-age) 

and well-nourished children was consistent; this relative difference was considerably more 

variable when using other indicators of malnutrition which relied on the child’s weight, 

though the median percent differences in length-for-age and weight-for-age were similar. 

As rotavirus diarrhea is dehydrating, weight at the time of illness, which was used in 

several of the case-control evaluations, may be especially susceptible to misclassification. 

The 2 studies that presented VE for all 3 measures of malnutrition found variation 

between anthropometric indicators of malnutrition, and the trends in this variation were 

not consistent. There was also no obvious pattern in these findings by anthropometric 

indicators of malnutrition in the articles showing natural rotavirus infection and illness. 

More generally, anthropometric indicators of malnutrition may be caused by an array of 

conditions (13, 24). Studies included in this literature review also varied in when illness 

occurred relative to when malnutrition was measured and anthropometric indicators of 

malnutrition at 6 weeks of age including low birth weight and prematurity are correlated 

with, but distinct from, malnutrition later in infancy or in the second year of life (13). 

Future research evaluating rotavirus vaccine performance should carefully consider which 

indicators of malnutrition and when they are measured.

While the findings from studies of prevalence rotavirus infection and illness stratified by 

nutritional status were mixed, none of the studies reported malnourished children were more 

likely to have rotavirus than well-nourished children. This is a noteworthy finding because 

malnourished children have been found to be more susceptible to other enteropathogens 

(20, 24, 25). Additional research could help better understand possible mechanisms for 

differences in susceptibility to natural rotavirus infection and disease, as it may help our 
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understanding of live, oral rotavirus vaccine performance in malnourished children. If 

malnourished children are less susceptible to rotavirus infection and illness, this would also 

have important implications for rotavirus vaccine research design, for example in estimating 

appropriate sample size for stratified analyses to evaluate vaccine performance. Nonetheless, 

protection from rotavirus, which includes high vaccination coverage, is important for 

malnourished children, because if infected, malnourished children are more likely to have 

prolonged diarrhea and generally worse outcomes than well-nourished children (13, 26).

This literature review has several limitations. First, none of these studies were specifically 

powered to look at differences in VE among well-nourished and malnourished children. 

Thus, while the consistency of the findings of lower point estimate of VE among 

malnourished infants in most studies supports that this is a real phenomenon, the overlap in 

VE confidence intervals between the two groups preclude firm conclusions. Second, while 

we intended to be as comprehensive as possible, analyses of the association of rotavirus 

infection and illness with malnutrition were often secondary and it is possible we did 

not identify all published articles. However because the original VE literature review was 

extensive (5), we are confident all post-introduction VE articles stratified by nutritional 

status were included here. Third, there were a limited number of articles overall and no 

post-introduction VE evaluations of RotaTeq, Rotasiil, or ROTAVAC stratified by nutritional 

status. Finally, sample size was not well documented, making it challenging to assess quality 

and provide appropriate comparisons. Confidence intervals are quite wide and the sample 

sizes available indicate that these studies may have been underpowered for these analyses.

In this literature review, we found that rotavirus vaccines may offer less protection 

to children with malnutrition than well-nourished children, though likely offers some 

protection. As malnourished children often have worse outcomes from diarrhea, better 

understanding oral rotavirus vaccine performance in this population is important.
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Figure 1. 
Vaccine efficacy and effectiveness estimates for well-nourished and malnourished children 

by study design and anthropometric indicator of malnutrition
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Figure 2. 
Relative difference in rotavirus vaccine efficacy or effectiveness estimates between well­

nourished and malnourished children by anthropometric indicator of malnutrition, study 

design, and rotavirus vaccine
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