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Abstract.

Two rotavirus vaccines, RotaTeq and Rotarix, are licensed for global use; however, the protection they

confer to unvaccinated individuals through indirect effects remains unknown. We systematically reviewed the literature
and quantified indirect rotavirus vaccine effectiveness (VE) for preventing rotavirus hospitalization in children aged less
than 5 years. From 148 identified abstracts, 14 studies met our eligibility criteria. In our main analysis using a random-
effects model, indirect rotavirus VE was 48% (95% confidence interval [CI]: 39-55%). In a subgroup analysis by country
income level, indirect VE was greater in high-income countries (52%; 95% CI: 43-60%) than in low- and middle-income
countries (LMICs) (25%; 95% CI: 5-41%). In a sensitivity analysis using a quality-effects model, the indirect VE in LMICs
was not statistically significant (25%; 95% CI: 0-44%). Our findings highlight the importance of increasing rotavirus
vaccine coverage, particularly in LMICs where evidence for indirect VE is limited and rotavirus burden is high.

Diarrheal diseases are among the top five leading causes of
child mortality globally." In particular, rotavirus is the most
common cause of child mortality because of diarrhea, leading
to an estimated 146,000 deaths in children aged less than
5 years in 2015.2 To address this burden, the World Health
Organization recommends the inclusion of rotavirus vaccines
in all national immunization programs.®

Two live-attenuated oral rotavirus vaccines are licensed
forglobal use and have been introduced in over 100 countries
since 2006,* including a pentavalent vaccine (RotaTeq [RV5])
administered at 2, 4, and 6 months of age and monovalent
vaccine (Rotarix [RV1]) administered at 2 and 4 months of age.

Rotavirus vaccine effectiveness (VE) can be divided into two
major components: direct VE and indirect VE. Direct rotavirus
VE has been quantified in previous meta-analyses®” and is
measured by comparing the risk of infection in vaccinated
versus unvaccinated individuals. Less is known about indirect
rotavirus VE, which is defined as the population-level effect of
widespread vaccination in unvaccinated individuals (some-
times called the “herd effect”).® Indirect rotavirus VE is
measured by comparing the risk of rotavirus infection in un-
vaccinated individuals living in populations with and without
rotavirus vaccine coverage.

Although evidence for indirect rotavirus VE has been sum-
marized in previous reviews,>'® it has not been formally
quantified in children aged less than 5 years. We systemati-
cally reviewed and quantified indirect rotavirus VE for
preventing rotavirus hospitalization in this age group, in-
corporating newly available data that were not captured in
previous reviews.

We searched multiple online databases in June 2017, in-
cluding PubMed, EMBASE, and Web of Science using combi-
nations of the following search terms: herd immunity, adaptive
immunity, herd effect, herd protection, indirect effect, indirect
effectiveness, indirect immunity, rotavirus, rotavirus vaccine,
immunization, RV5, and RV1. We also hand-searched the ref-
erence lists of identified articles for additional relevant studies.

We included all experimental and quasi-experimental
studies in any setting that reported the incidence of rotavirus
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hospitalization in unvaccinated children aged less than 5 years
in populations with and without rotavirus vaccine coverage.
We excluded commentaries, reviews, modeling studies, and
phase | and phase Il trials. Studies were also excluded if they
did not report relative risks (RRs) of rotavirus hospitalization
and their uncertainty (e.g., 95% confidence intervals [Cls]) or
did not report enough raw data to calculate both.

For each study, we extracted the following data: author
names, publication date, country, study design, vaccine
coverage, study period, age range of subjects, year of vaccine
introduction, vaccine type (RV1 and RV5), and indirect VE
estimates and their uncertainty for all reported outcomes in
unvaccinated populations.

For studies that reported outcomes in multiple age groups
measured at the same time point, we treated each outcome as
a separate effect estimate in our meta-analysis."! For exam-
ple, effect estimates for infants younger than 12 months and
12-24 months old in 2007 from the same study would be in-
cluded separately in our meta-analysis. For studies reporting
outcomes from subgroups that were followed over time, we
calculated the mean effect size and its variance to include as a
single estimate in our meta-analysis."" For example, effect
estimates in 3-year-olds in 2007, 4-year-olds in 2008, and
5-year-olds in 2009 from the same study would be averaged
to produce a single pooled estimate.

The primary outcome was the RR of rotavirus hospitaliza-
tion in unvaccinated children in populations with and without
rotavirus vaccination. These populations were either sepa-
rated geographically (i.e., different communities) or temporally
(i-e., prevaccine and postvaccine introduction).

For our main analysis, we used an inverse-variance—
weighted random-effects model. We assessed heterogeneity
using Cochran’s Q test and /%, and we explored potential
sources of heterogeneity through subgroup analysis and
meta-regression. All random-effects analyses were con-
ducted using Stata 13.0 (Stata Corp., College Station, TX).'2

In sensitivity analyses, we used quality-effects models to
assess the effects of study quality on our pooled estimates.'®
We developed a five-point quality scoring scheme, with points
awarded based on study design, assessment of vaccine
coverage, control for confounders, and evidence of selection
bias (Supplemental Table 1). All quality-effects analyses were
conducted using MetaXL version 5.3 in Microsoft Excel
(Microsoft Corp., Redmond, WA)."
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We screened 148 unique titles and abstracts identified
through our systematic literature search (Figure 1). A total
of 58 full-text articles were reviewed, and 14 articles met
our prespecified eligibility criteria. These included 13
pre-post quasiexperimental studies®'>2% and one cluster-
randomized trial.?” Ten studies were conducted in high-income
countries,®1%17719.21-25 gn4 four were conducted in low-
and middle-income countries (LMICs).'820-26:27 \Most studies
measured outcomes only in age-ineligible unvaccinated chil-
dren (N = 9),"%2228 two studies measured outcomes in both
age-eligible and age-ineligible unvaccinated children,2*2” and
three studies measured outcomes only in age-eligible un-
vaccinated children.?232° Partial rotavirus vaccine coverage
(at least one dose) was reported in 13 studies and ranged from
35% to 89.6%,%%72123-27 \yith most studies reporting partial
coverage above 70% (N = 9) (Figure 2).'520:232427 Gomplete
dose coverage was reported by three studies and ranged from
50% to 93%.'61722

For all analyses, we converted the pooled RR to indirect VE
by multiplying 1-RR by 100%. Pooling all studies using an
inverse-variance—weighted random-effects model, the in-
direct rotavirus VE was 48% (95% CI: 39-55%) (Figure 2). Ina
subgroup analysis comparing the indirect rotavirus VE in
high-income countries with LMICs, the pooled estimates
were 52% (95% Cl: 43-60%) and 25% (95% Cl: 5-41%), re-
spectively (Figure 3).
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duplicates
(n=148)
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For our pooled estimate including all studies, there was
considerable heterogeneity (/2 = 88.3%) (Figure 2). In univari-
ate meta-regression, the country income level was a statisti-
cally significant source of heterogeneity (P = 0.022;
Supplemental Table 2). In additional meta-regressions, find-
ings were not significantly different according to the median
age of participants, vaccine coverage, age eligibility, or study
quality score (Supplemental Table 2).

In a sensitivity analysis using a quality-effects model, the
pooled effect size including all studies was 46% (95% CI:
34-55%) (Supplemental Figure 1). In a subgroup analysis by
country income level using a quality-effects model, the pooled
effect in LMICs was no longer statistically significant (25%;
95% Cl: 0-44%), whereas there was a 51% indirect VE in
high-income countries (95% Cl: 40-61%) (Supplemental
Figures 2 and 3).

Our systematic review of the empirical evidence of indirect
rotavirus VE demonstrates a protective benefit of the vaccine
against rotavirus hospitalization in unvaccinated populations.
Although our pooled estimate shows a statistically significant
indirect VE across all studies, we found stronger evidence for
indirect VE in high-income countries than in LMICs, especially
after accounting for study quality.

Our findings of differential indirect VE estimates by country
income level may be partially driven by regional variation in
direct rotavirus VE, as evidenced by a previous meta-analysis
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Screening and selection process of interventional and observational studies evaluating the indirect rotavirus vaccine effectiveness for
preventing rotavirus hospitalizations in children aged less than 5 years.
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META-ANALYSIS OF INDIRECT ROTAVIRUS VACCINE EFFECTIVENESS 1199

Age range Vaccine Coverage Quality RR
Source Country (months) Years type (%) score (95% Cl) % Weight
Raes BEL 0-2 2007-2008 RV1 89 1 > : 0.45 (0.27, 0.78) 3.09
Raes BEL 24-59 2007-2008 RV1 87 1 : * 0.91 (0.73, 1.14) 4.36
Wilson CAN 24-35 2011-2013 RV1 87 | v : 0.48 (0.27, 0.87) 2.88
Wilson CAN 36-59 2011-2013 RV1 87 1 * 0.31 (0.16, 0.60) 2.59
Dey AUS 24-59  2007-2010 RV1/RVS 85 2 _._':' 0.45 (0.38, 0.53) 4.52
Yen SLV 12-47 2008-2009 RV1 78 2 _.'i_ 0.50 (0.24, 0.68) 3.87
Field AUS 24-35 2008 RVS 89.6 2 —:_._ 0.60 (0.50, 0.70) 4.54
Field AUS 36-47 2008 RVS 89.6 2 — : 0.30 (0.30, 0.50) 4.25
Field AUS 48-59 2008 RVS 89.6 2 T ag 0.70 (0.50, 1.00) 3.88
Safadi BRA 24-59 2007-2008 RV1 79.5 2 : + 0.76 (0.49, 1.18) 3.48
Bégué AUT 24-59 2007-2009 RVS 43 2 : g 0.59 (0.31, 1.10) 2.69
Atchison GBR 12-23 2013-2014 RV1 93 3 _—— : 0.34 (0.23, 0.50) 3.70
Atchison GBR 24-35 2013-2014 RV1 93 3 —_— 0.36 (0.24, 0.52) 3.71
Atchison GBR 36-47 2013-2014 RV1 93 3 _— : 0.34 (0.23, 0.50) 3.70
Atchison GBR 48-59 2013-2014 RV1 a 3 * : 0.35 (0.23, 0.52) 3.62
Leshem UsSA 3-23 2007-2011 RV1/RVS 76 3 _:—.— 0.59 (0.41, 0.71) 417
Eberly USA 0-11 2007-2009 RVS 54.1 3 —_— 1 0.25 (0.20, 0.30) 4.43
Eberly USA 12-23  2007-2009 RVS 54.1 3 —_— : 0.34 (0.29, 0.40) 4.56
Eberly USA 24-35 2007-2009 RVS 54.1 3 + 0.54 (0.43, 0.67) 4.37
Eberly USA 36-47 2007-2009 RVS 54.1 3 : h 0.82 (0.59, 1.13) 3.97
Eberly USA 48-59 2007-2009 RVS 54.1 3 : + 0.74 (0.46, 1.17) 3.36
Cortes USA 2-24 2008-2009 RVS 68.5 4 I —_—— 0.71 (0.62, 0.82) 4.61
Panozzo USA 8-20 2007-2010 RVS 83.1 4 _._;_ 0.48 (0.24, 0.65) 3.97
Gheorghita MDA 24-59  2012-2013 RV1 35 4 : —— 0.68 (0.59, 0.78) 4.1
Zaman BGD 5-24 2008-2011 RV1 74 5 : 0.99 (0.56, 1.29) 3.58
Zaman BGD 1.5-25 2008-2011 RV1 74 5 1 * 1.09 (0.59, 1.41) 3.50
Overall (l-squared = 88.3%, p = 0.000) 0 0.52 (0.45,061)  100.00
|
NOTE: Weights are from random effects analysis :
T I
0.5 10 2.0

Ficure 2. Pooled relative risk (RR) for rotavirus hospitalization comparing unvaccinated children in populations with and without rotavirus
vaccination. Effect sizes were pooled using inverse-variance-weighted random-effects model. Separate estimates from individual studies were
included if they were derived from independent subgroups. If multiple estimates reported from the same study were not independent, the mean
estimates were used in our pooled meta-analysis. Coverage is defined as the percentage of the population that received at least one dose of
rotavirus vaccine. Quality scores were calculated on a five-point continuum based on study design, measurement of vaccine coverage, controlling
for confounders, and evidence for selection bias. AUS = Australia; AUT = Austria; BEL = Belgium; BGD = Bangladesh; BRA = Brazil; CAN = Canada;
Cl = confidence interval; GBR = United Kingdom; MDA = Moldova; NS = not specified; RV1 = Rotarix; RV5 = RotaTeq; SLV = El Salvador; USA =

United States of America.

that found a larger direct rotavirus VE in high-income countries
than in LMICs.® These regional differences in direct rotavirus
VE may be attributed to a number of biological and environ-
mental factors, such as differences in the gut microbiome and
access to safe water and sanitation.?® In regions with lower
direct VE, higher vaccine coverage may be necessary to reach
a given level of indirect VE. This phenomenon was seen with
the oral polio vaccine, where regional differences in direct VE
necessitated higher coverage in South America to achieve the
same level of indirect VE as North America.?®

A limitation in our analysis is that most studies that mea-
sured indirect rotavirus VE used pre-post quasi-experimental
designs. Secular trends in diarrhea mortality may confound
the outcomes in pre-post study designs if these trends are not
adequately controlled for. However, it would be unethical to
randomize individuals to rotavirus vaccines, given that RV1
and RV5 are efficacious. For future vaccine trials, it will be
important to use interventional designs that allow for mea-
surements of both direct and indirect vaccine effects to cap-
ture the full benefits of vaccine introduction and scale-up.

Another limitation is that many studies measured coverage
using national databases and national surveillance, which may
not adequately predict indirect VE because they fail to capture
social network dynamics and nonrandom vaccination patterns

that influence rotavirus transmission in study populations.° In

addition, most studies only measured partial vaccine coverage,
yet full dose coverage is likely a more accurate measure of
protection.

We included multiple estimates from single studies in our
meta-analyses if independence between the estimates was
a reasonable assumption, meaning there was no overlap in par-
ticipants in either the control (“pre”) or intervention (“post”) groups.
Although we were conservative in assuming independence, any
unmeasured or unreported correlations between estimates that
we treated as independent could lead to unit of analysis errors.

Our results support the rapid introduction of the rotavirus
vaccine into national immunization programs worldwide,
given their proven benefits for vaccinated children® and their
potential added benefits for unvaccinated children through
their indirect effects. Given the limited evidence for indirect
rotavirus VE in LMICs, however, our findings underline the
importance of increased efforts to improve rotavirus immuni-
zation in these settings with the highest rotavirus burden.
Funders, governments, and nongovernmental organizations
should work together to increase rotavirus vaccination coverage
to meet the Sustainable Development Goals focusing on ending
preventable deaths of children aged younger than 5 years and
achieving universal coverage of child vaccines by 2030.
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A Age range Vaccine Coverage Quality .
Source Country (months) Years type (%) score | RR (95% Cl) % Weight
Raes BEL 0-2 2007-2008 RV1 89 1 * : 0.45(0.27,0.78) 3.83
Raes BEL 24-59 2007-2008 RV1 87 1 : —_— 0.81(0.73,1.14) 538
Wilson  CAN 24-35  2011-2013 RV1 87 1 ? 0.48 (0.27,0.87) 3.56
Wilson  CAN 36-59  2011-2013 RV1 87 1 + : 0.31(0.18, 0.60) 3.21
Dey AUS 24-59 2007-2010 RV1/RVS5 85 2 _.:_ 0.45(0.38,0.53) 557
Field AUS 24-35 2008 RV5 89.6 2 : —_—t— 0.60 (0.50, 0.70) 5.59
Field AUS 36-47 2008 RV5 89.6 2 '—:' 0.30 (0.30,0.50) 5.24
Field AUS 48-59 2008 RVS 89.6 2 : —_—— 0.70 (0.50, 1.00) 4.79
Bégué AUT 24-59 2007-2009 RVS 43 2 ; * 0.59(0.31, 1.10) 3.34
Atchison GBR 12-23  2013-2014 RV1 93 3 _._:' 0.34(0.23,0.50) 4.58
Atchison GBR 24-35  2013-2014 RV1 93 3 _._:_ 0.36 (0.24, 0.52) 4.59
Atchison GBR 36-47  2013-2014 RV1 93 3 —._:' 0.34 (0.23, 0.50) 4.58
Atchison GBR 48-59  2013-2014 RV1 93 3 —’_:_ 0.35(0.23,0.52) 4.47
Leshem USA 323 2007-2011 RV1/RVS 76 3 _e_°_ 0.59 (0.41,0.71) 5.14
Eberly USA 0-11 2007-2009 RV5 54.1 3 —_— : 0.25(0.20,0.30) 5.46
Eberly USA 12-23  2007-2009 RVS 54.1 3 —_— : 0.34 (0.28, 0.40) 5.62
Eberly USA 24-35  2007-2009 RV5 54.1 3 +‘_ 0.54 (0.43, 0.67) 5.39
Eberly USA 36-47 2007-2009 RV5 541 3 : —_— 0.82(0.59, 1.13) 4.90
Eberly  USA 48-59  2007-2009 RV5 54.1 3 " + 0.74 (0.46, 1.17) 4.16
Cortes USA 2-24 2008-2009 RV5 68.5 4 E —r— 0.71(0.62,0.82) 568
Panozzo USA 8-20 2007-2010 RV5S 83.1 4 —_——— 0.48 (0.34, 0.65) 4.91
Overall (l-squared = 88.5%, p = 0.000) <> 0.48 (0.40, 0.57) 100.00

1
NOTE: Weightsare from random effects analysis : T |
0.5 1.0 20

Overall (l-squared =62.2%, p = 0.032)

NOTE: Weights are from random effects analysis

0.75 (0.59, 0.95) 100.00

B Age range Vaccine Coverage Quality R
Source Country (months) Years Type (%) Score RR (95% Cl) % Weight
Yen SLV 12-47 2008-2009 RV1 78 2 _— : 0.50 (0.34, 0.68) 19.97
Safadi BRA 24-59 2007-2008 RV1 79.5 2 f# 0.76 (0.49, 1.18) 16.06
Gheorghita MDA 24-59 2012-2013 RV1 35 4 —‘—:' 0.68 (0.59, 0.78) 30.82
Zaman BGD 5-24 2008-2011  RV1 74 5 _'_'_ 0.99 (0.56, 1.29) 16.95
Zaman ~ BGD 1525 20082011 RV1 74 5 + 109 (0.59, 1.41) 16.21
e

0.5 1.0 20

Ficure 3. Pooled relative risks (RRs) for rotavirus hospitalization comparing unvaccinated children in populations with and without rotavirus
vaccination in high-income countries (A) and low- and middle-income countries (B). Effect sizes were pooled using inverse-variance-weighted
random-effects model. Separate estimates from individual studies were included if they were derived from independent subgroups. If multiple
estimates reported from the same study were not independent, the mean estimates were used in our pooled meta-analysis. AUS = Australia; AUT =
Austria; BEL = Belgium; BGD = Bangladesh; BRA = Brazil; CAN = Canada; Cl = confidence interval; GBR = United Kingdom; MDA = Moldova; RV1 =
Rotarix; RV5 = RotaTeq; SLV = El Salvador; USA = United States of America.

Received September 7, 2017. Accepted for publication December 31,
2017.

Published online February 12, 2018.
Note: Supplemental figures and tables appear at www.ajtmh.org.

Financial support: A. D. F. reports grants from Bill and Melinda Gates
Foundation during the conduct of the study and grants from Sanofi
S.A., outside the submitted work.

Authors’ addresses: Katherine L. Rosettie, Theo Vos, Ali H. Mokdad,
Abraham D. Flaxman, Ibrahim Khalil, Christopher Troeger, and Marcia
R. Weaver, Institute for Health Metrics and Evaluation, University of
Washington, Seattle, WA, E-mails: krosett@uw.edu, tvos@uw.edu,
mokdaa@uw.edu, abie@uw.edu, ikhalil@uw.edu, ctroeger@uw.edu,
and mweaver@uw.edu.

This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the
original author and source are credited.

REFERENCES

1. GBD 2015 DALYs and HALE Collaborators, 2016. Global, re-
gional, and national disability-adjusted life-years (DALYs) for
315 diseases and injuries and healthy life expectancy (HALE),
1990-2015: a systematic analysis for the Global Burden of
Disease Study 2015. Lancet 388: 1603-1658.

2. GBD Diarrhoeal Diseases Collaborators, 2017. Estimates of
global, regional, and national morbidity, mortality, and aetiologies


http://www.ajtmh.org
mailto:krosett@uw.edu
mailto:tvos@uw.edu
mailto:mokdaa@uw.edu
mailto:abie@uw.edu
mailto:ikhalil@uw.edu
mailto:ctroeger@uw.edu
mailto:mweaver@uw.edu
http://creativecommons.org/licenses/by/4.0/

10.

11.

12.

13.

14.

15.

16.

META-ANALYSIS OF INDIRECT ROTAVIRUS VACCINE EFFECTIVENESS

of diarrhoeal diseases: a systematic analysis for the Global Burden
of Disease Study 2015. Lancet Infect Dis 17: 909-948.

. World Health Organization, 2013. Rotavirus vaccines. Wkly Epi-

demiol Rec 88: 49-64.

. PATH, 2016. Country National Immunization Program (NIP) Intro-

ductions of Rotavirus Vaccine. Available at: http://www.path.org/
vaccineresources/files/PATH-Country-Introduction-Table-EN-
2016.05.01.pdf. Accessed June 29, 2017.

. Lamberti LM, Ashraf S, Walker CLF, Black RE, 2016. A systematic

review of the effect of rotavirus vaccination on diarrhea out-
comes among children younger than 5 years. Pediatr Infect Dis
J 35:992-998.

. Munos MK, Walker CLF, Black RE, 2010. The effect of rotavirus

vaccine on diarrhoea mortality. Int J Epidemiol 39 (Suppl 1):
i56-i62.

. Fischer Walker CL, Black RE, 2011. Rotavirus vaccine and di-

arrhea mortality: quantifying regional variation in effect size.
BMC Public Health 11 (Suppl 3): S16.

. Panozzo CA, Becker-Dreps S, Pate V, Weber DJ, Funk MJ,

Stuermer T, Brookhart MA, 2014. Direct, indirect, total, and
overall effectiveness of the rotavirus vaccines for the prevention
of gastroenteritis hospitalizations in privately insured US chil-
dren, 2007-2010. Am J Epidemiol 179: 895-909.

. Pollard SL, Malpica-Llanos T, Friberg IK, Fischer-Walker C, Ashraf

S, Walker N, 2015. Estimating the herd immunity effect of ro-
tavirus vaccine. Vaccine 33: 3795-3800.

Seybolt LM, Bégué RE, 2012. Rotavirus vaccination and herd
immunity: an evidence-based review. Pediatr Health Med Ther
3:25-37.

Borenstein M, Hedges LV, Higgins JPT, Rothstein HR, 2009. Part 5:
complex data structures. In: Introduction to Meta-Analysis.
Available at: https://www.meta-analysis.com/downloads/
Meta-analysis%20Studies %20with%20multiple%20subgroups
%200r%20outcomes.pdf. Accessed July 18, 2017.

Statacorp, 2013. Stata Statistical Software: Release 13. College
Station, TX: Statacorp LP. Available at: https://www.stata.com/
stata13/. Accessed August 1, 2017.

Doi SAR, Thalib L, 2008. A quality-effects model for meta-
analysis. Epidemiology 19: 94-100.

Epi Gear, 2016. MetaXL Version 5.3. Available at: http://www.
epigear.com/index_files/metaxl.html. Accessed August 1,
2017.

Dey A, Wang H, Menzies R, Macartney K, 2012. Changes in
hospitalisations for acute gastroenteritis in Australia after the
national rotavirus vaccination program. Med J Aust 197:
453-457.

Yen C et al.,, 2011. Decline in rotavirus hospitalizations and
health care visits for childhood diarrhea following rotavirus
vaccination in El Salvador. Pediatr Infect Dis J 30 (Suppl):
S6-S10.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

1201

Field EJ, Vally H, Grimwood K, Lambert SB, 2010. Pentavalent
rotavirus vaccine and prevention of gastroenteritis hospitali-
zations in Australia. Pediatrics 126: e506-e512.

Raes M, Strens D, Vergison A, Verghote M, Standaert B, 2011.
Reduction in pediatric rotavirus-related hospitalizations after
universal rotavirus vaccination in Belgium. Pedijatr Infect Dis J
30: e120-e125.

Wilson SE, Rosella LC, Wang J, Le Saux N, Crowcroft NS, Harris
T, Bolotin S, Deeks SL, 2016. Population-level impact of
Ontario’s infant rotavirus immunization program: evidence of
direct and indirect effects. PLoS One 11: e0154340.

Séafadi MAP, Berezin EN, Munford V, Almeida FJ, de Moraes JC,
Pinheiro CF, Racz ML, 2010. Hospital-based surveillance to
evaluate the impact of rotavirus vaccination in Sdo Paulo,
Brazil. Pediatr Infect Dis J 29: 1019-1022.

Bégué RE, Perrin K, 2010. Reduction in gastroenteritis with the
use of pentavalent rotavirus vaccine in a primary practice. Pe-
diatrics 126: e40-e45.

Atchison CJ, Stowe J, Andrews N, Collins S, Allen DJ, Nawaz S,
Brown D, Ramsay ME, Ladhani SN, 2016. Rapid declines in age
group-specific rotavirus infection and acute gastroenteritis
among vaccinated and unvaccinated individuals within 1 year
of rotavirus vaccine introduction in England and Wales.
J Infect Dis 213: 243-249.

Leshem E, Moritz RE, Curns AT, Zhou F, Tate JE, Lopman BA,
Parashar UD, 2014. Rotavirus vaccines and health care utili-
zation for diarrhea in the United States (2007-2011). Pediatrics
134: 15-23.

Eberly MD, Gorman GH, Eide MB, Olsen CH, Rajnik M, 2011. The
effect of rotavirus immunization on rotavirus gastroenteritis
hospitalization rates in military dependents. Vaccine 29:
650-659.

Cortes JE, Curns AT, Tate JE, Cortese MM, Patel MM, Zhou F,
Parashar UD, 2011. Rotavirus vaccine and health care utili-
zation for diarrhea in U.S. children. N Engl J Med 365:
1108-1117.

Gheorghita S et al., 2016. Impact of rotavirus vaccine introduction
and vaccine effectiveness in the Republic of Moldova. Clin
Infect Dis 62 (Suppl! 2): S140-S146.

Zaman K et al., 2017. Effectiveness of a live oral human rotavirus
vaccine after programmatic introduction in Bangladesh: a
cluster-randomized trial. PLoS Med 14: e1002282.

Glass R, Parashar U, Patel M, Gentsch J, Jiang B, 2014. Rotavirus
vaccines: successes and challenges. J Infect 68 (Suppl 1):
S9-S18.

John TJ, Samuel R, 2000. Herd immunity and herd effect: new
insights and definitions. Eur J Epidemiol 16: 601-606.

Fine P, Eames K, Heymann DL, 2011. “Herd immunity”: a rough
guide. Clin Infect Dis 52: 911-916.


http://www.path.org/vaccineresources/files/PATH-Country-Introduction-Table-EN-2016.05.01.pdf
http://www.path.org/vaccineresources/files/PATH-Country-Introduction-Table-EN-2016.05.01.pdf
http://www.path.org/vaccineresources/files/PATH-Country-Introduction-Table-EN-2016.05.01.pdf
https://www.meta-analysis.com/downloads/Meta-analysis%20Studies%20with%20multiple%20subgroups%20or%20outcomes.pdf
https://www.meta-analysis.com/downloads/Meta-analysis%20Studies%20with%20multiple%20subgroups%20or%20outcomes.pdf
https://www.meta-analysis.com/downloads/Meta-analysis%20Studies%20with%20multiple%20subgroups%20or%20outcomes.pdf
https://www.stata.com/stata13/
https://www.stata.com/stata13/
http://www.epigear.com/index_files/metaxl.html
http://www.epigear.com/index_files/metaxl.html

