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Background. With the recent postlicensure identification of an increased risk of intussusception with rotavirus
vaccine, the 14 Latin American countries currently using rotavirus vaccine must now weigh the health benefits
versus risks to assess whether to continue vaccination. To inform policy considerations, we estimated excess
intussusception cases and mortality potentially caused by rotavirus vaccine for each of the 14 countries and
compared these estimates to hospitalizations and deaths expected to be averted through vaccination.

Methods. We used regional rotavirus disease burden and rotavirus vaccine efficacy data, global natural
intussusception and regional rotavirus vaccine-related risk estimates, and country-specific diphtheria, tetanus,
and pertussus vaccination coverage rates to estimate rotavirus vaccine coverage rates. We performed a probabilistic
sensitivity analysis to account for uncertainty in these parameters.

Results. For an aggregate hypothetical birth cohort of 9.5 million infants in these 14 countries, rotavirus
vaccine would annually prevent 144 746 (90% confidence interval [CI], 128 821-156 707) hospitalizations and
4124 deaths (90% CI, 3740-4239) due to rotavirus in their first 5 years of life but could cause an additional 172
hospitalizations (90% CI, 126-293) and 10 deaths (90% CI, 6-17) due to intussusception, yielding benefit-risk
ratios for hospitalization and death of 841:1 (90% CI, 479:1 to 1142:1) and 395:1 (90% CI, 207:1 to 526:1),
respectively. In an uncertainty analysis using 10 000 simulations of our probabilistic parameters, in comparing
rotavirus disease averted to intussusception events caused, the hospitalization ratio was never below 100:1, and our
death ratio fell below 100:1 only once.

Conclusions. The health benefits of vaccination far outweigh the short-term risks and support continued
rotavirus vaccination in Latin America.

Rotavirus is the leading cause of severe childhood
gastroenteritis worldwide [1]. Since 2006, 14 Latin
American countries have implemented a national ro-
tavirus vaccination program, with 12 countries using
Rotarix, a monovalent human rotavirus vaccine,
and 2 using RotaTeq, a pentavalent bovine-human
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reassortant rotavirus vaccine [2]. In postvaccination
years, substantial declines in diarrhea hospitalizations
and deaths have been documented in many of these
countries [3-10].

In 1999, a previous rotavirus vaccine, RotaShield,
was withdrawn postlicensure from the US market after
being associated with intussusception, a form of bowel
obstruction [11]. The risk of intussusception with both
Rotarix and RotaTeq was evaluated in large pre-
licensure trials of >60 000 infants each; no increased
risk was observed. However, postlicensure evaluations
have recently identified a short-term 4—6-fold elevated
relative risk of intussusception in 1-7 days after dose 1
of Rotarix in Mexico [12, 13] and with both Rotarix
and Rotateq in Australia [14], which is substantially
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lower than the 30-fold increased risk in the first week after dose
1 of Rotashield [15].

With these new risk data, Latin American countries need data
on benefits and risks of vaccination in their own setting to help
decide whether they should continue rotavirus vaccination
programs. We modeled the excess number of intussusception
hospitalizations and deaths caused by rotavirus vaccination for
each of 14 Latin American countries and compared these to the
number of rotavirus hospitalizations and deaths averted by
vaccination, under a variety of vaccine risk and efficacy scenarios
and incorporating country-specific published data whenever
available.

METHODS

Vaccine Coverage

World Health Organization (WHO) birth cohort data were
obtained from 14 Latin American countries with active rotavirus
vaccination programs [16] (Table 1). Six countries (Venezuela,
Mexico, Brazil, Panama, Columbia, and Peru) were considered
upper-middle-income countries, and 8 countries (Ecuador, El
Salvador, Guatemala, Paraguay, Honduras, Bolivia, Guyana,
and Nicaragua) were considered lower-middle-income coun-
tries, on the basis of 2009 World Bank Gross National Income
per capita [16]. To model a fully matured rotavirus vacci-
nation program, we based coverage estimates on diphtheria,
tetanus, and pertussis vaccine (DTP) coverage rates. Because
intussusception rates vary markedly by age during infancy,

risk of intussusception attributable to vaccine is closely linked
to age at vaccination. Thus, we applied dose-specific coverage
at specific ages (<15 weeks, <6 months, and <9 months) using
survey-based estimates of the timing of DTP administration
[17]. Nicaragua and Guyana use the 3-dose RotaTeq vaccine,
but the other 12 Latin American countries in this study use
the 2-dose Rotarix vaccine. For simplicity, we assumed that all
countries used the Rotarix dosing schedule and that infants
received Rotarix doses 1 and 2 at the same time as DTP doses 1
and 2. The survey-based coverage rates were adjusted to reflect
the reported national DTP1 and DTP2 (midpoint of DTP1 and
DTP3) coverage rates for the year 2009 [18]. We applied upper
age limits of 15 weeks for dose 1 and 9 months for dose 2,
which closely reflects the current WHO recommendation
(15 weeks and 32 weeks, respectively) [19]. Available data on
timing of rotavirus vaccine administration from several coun-
tries, including Nicaragua, El Salvador, Mexico, and Brazil,
indicate excellent compliance with this WHO recommenda-
tion [5, 8, 13]. The number of dose-specific vaccinations was
computed as a product of the birth cohort and the proportion
receiving DTP within each respective age category: <15 weeks,
15 weeks—5 months, and 6-8 months.

Baseline Intussusception Rates

Few studies have assessed age-specific intussusception rates
in the Latin Americas. Thus, pooled estimates of baseline
intussusception hospitalization rates were calculated using
published global literature for 3-month age intervals in the

Table 1. 14 Latin American Countries With Rotavirus Vaccination Programs, Pentavalent Diphtheria, Tetanus, and Pertussis Vaccine

(DTP5) Dose 1 Coverage Rates

2009 World Bank-Gross

Birth Cohort DTP5 Dose 1

Year Vaccine Introduced Country National Income per Capita, % Vaccine (Thousands) (15 weeks), %°

Upper-middle-income countries
2006 Venezuela 10 090 RV1 595 71
2006 Mexico 8960 RV1 2097 83
2006 Brazil 8070 RV1 3703 85
2006 Panama 6570 RV1 70 81
2009 Colombia 4990 RV1 879 80
2009 Peru 4200 RV1 586 88

Lower-middle-income countries
2007 Ecuador 3970 RV1 284 68
2006 El Salvador 3370 RV1 159 73
2010 Guatemala 2650 RV1 446 b4
2009 Paraguay 2250 RV1 153 72
2009 Honduras 1800 RV1 199 92
2008 Bolivia 1630 RV1 263 73
2009 Guyana 1450 RV5 14 72
2006 Nicaragua 1000 RV5 140 79

Abbreviations: RV1, Rotarix (GlaxoSmithKline Biologicals, Rixensart, Belgium); RV5, RotaTeq (Merck Vaccines, Whitehouse Station, New Jersey).

@ Dose 1 received by 15 weeks of age.
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first year of life: 0-2 months (11.9 per 100 000), 3—5 months
(89.1 per 100 000), 6-8 months (83.2 per 100 000), and
9-11 months (47.6 per 100 000) [20-31]. For all countries in
our analysis, we assumed equal background rates for each week
within each age interval. We used these pooled estimates to
calculate the annual number of intussusception cases occur-
ring in these age groups in each country in the absence of
a rotavirus vaccination program (ie, baseline).

Potential Vaccine Risk

To compute the excess number of intussusception cases at-
tributable to rotavirus vaccination, we applied risk ratio (RR)
estimates generated by a recent postlicensure study in Mexico
and Brazil to the baseline estimates of intussusception in-
cidence. In this study, dose 1 of Rotarix was associated with
a 5.3-fold (95% confidence interval [CI], 3.0-9.3-fold) increase
in baseline risk of intussusception during the first week after
administration in Mexico. An independent manufacturer-led
study in Mexico and a study from Australia also evaluated
post—dose 1 vaccine risk windows, and both studies found
clustering of excess intussusception cases in week 1 after dose 1,
confirming the small excess risk during this period [12-14,
32, 33]. In contrast, there was no evidence for excess risk
following the first dose of Rotarix in Brazil (RR, 1.1; 95%
CI, .3-3.3) [13, 33]. On the other hand, a 2.6-fold (1.3-5.2-fold)
increase in baseline risk of intussusception was observed during
the first week after dose 2 of Rotarix in Brazil, but this in-
creased risk after dose 2 was not observed in Mexico (RR, 1.8;
95% CI, .9-3.8). We used these country-specific RRs for
Mexico and Brazil. To generate conservative estimates of safety
for Latin American countries other than Mexico and Brazil,
we assumed both a 5.3-fold increase in risk in week 1 after
dose 1 and 2.6-fold increase in risk in week 1 after dose 2.

Excess intussusception risk within a week after vaccination
was calculated as the product of the baseline intussusception
risk by week of age and the dose-specific vaccine-associated
relative risk minus the baseline risk. The excess numbers of
intussusception events after vaccination were calculated as
a product of the number of dose-specific rotavirus vaccinations
administered within each age interval (see above) and the excess
intussusception risk within a week after vaccination with either
rotavirus dose 1 or dose 2.

In the hospital-based postlicensure safety study, intussus-
ception case fatality was 1% in Mexico and 5% in Brazil [13, 33].
Population-based data on intussusception case fatality are not
available. Because of the possibility of out of hospital in-
tussusception deaths, we conservatively assumed the higher
mortality rate of 5% among intussusception cases in upper-
middle-income countries, and, to account for the decreased
healthcare access in poorer countries, we assumed a 10%
mortality rate in lower-middle-income countries.

Table 2. Vaccine Efficacy Estimates for Lower-Middle and
Upper-Middle Income Countries by Outcome and Vaccine Schedule

VE Against Rotavirus VE Against Rotavirus

Estimate Death, % (range) Hospitalization, % (range)

Upper-middle-income

countries

Full series 100 (74-100) 85 (72-93)

Partial series 51 (26-67) 51 (26-67)
Lower-middle-income

countries

Full series 80 (59-90) 66 (31-83)

Partial series 51 (26-67) 51 (26-67)

Abbreviation: VE, vaccine efficacy.

Baseline Rotavirus Hospitalization and Mortality Rates
Rotavirus gastroenteritis hospitalization and mortality rates
in the prevaccine era were obtained from country-specific
publications when available [34-43]. For upper-middle and
lower-middle-income countries without published rotavirus
hospitalization rates, we took the product of a pooled value of
all-cause diarrheal hospitalization rates from Latin American
settings and country-specific etiologic fractions of rotavirus di-
arrhea hospitalizations [34, 36, 42, 43]. For countries without
published rotavirus mortality data, we used WHO country-
specific estimates of rotavirus deaths [44]. We used published
studies from the year 2000 or later to generate age distributions
for rotavirus hospitalization and mortality for upper-middle-
income [45-60] and lower-middle-income countries [61-65]:
0-2, 3-5, 6-8, 9-11, 12-23, 24-35, 36-47, and 48-59 months.
To determine the mean proportion of children hospitalized
by age category, we averaged the proportion of children in
each age category across studies. For studies that did not provide
such precise age categories, we extrapolated the age distribution
based on the average proportions from countries that did.

Vaccine Benefits

Estimates of rotavirus vaccine efficacy were based on published
Latin American Rotarix and RotaTeq studies (Table 2). Separate
estimates were obtained for upper-middle-income and lower-
middle-income countries, with both partial (1-dose) and full
(2-dose) vaccination schedules. Although efficacy against hos-
pitalizations was available from clinical trials, efficacy against
rotavirus deaths has not been directly evaluated. However, re-
ductions in childhood diarrhea deaths after rotavirus vaccine
introduction have been similar to estimates based on vaccine
efficacy against hospitalizations [4]. Thus, we assumed that
efficacy against death was equal to the efficacy against “very
severe” rotavirus disease on basis of the 20-point Vesikari
clinical severity score from the clinical trials (score =19) or
effectiveness studies (score =15-20). In upper-middle-income
countries, we estimated full vaccine schedule efficacies to be
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85% for hospitalization and 100% for death [66]. In lower-
middle-income countries, we estimated full vaccine schedule
efficacies to be 66% for hospitalization and 80% for death
[5, 8]. In all countries, we estimated partial vaccine schedule
efficacies of 51% for hospitalization and death [5]. However,
it is possible that efficacy of partial series of vaccine is even
higher, which would further reduce the burden of severe
rotavirus disease occurring between ages 2 and 4 months.

The estimated number of rotavirus-associated deaths and
hospitalizations prevented with the rotavirus immunization
program in each of the 14 Latin American countries was
a product of (1) number of rotavirus-associated deaths and
hospitalizations among children <5 years in each age category
for each Latin American country; (2) schedule-specific vaccine
efficacy for death and hospitalization in upper-middle and
lower-middle-income countries; and (3) DTP dose 1 and DTP
dose 2 vaccine coverage estimates at the beginning of each age
category for each Latin American country.

Risk-Benefit, Sensitivity, and Uncertainty Analysis

We generated a country-specific table of baseline intussuscep-
tion hospitalizations and deaths and rotavirus hospitalizations
and deaths, as well as a benefit-risk table using the excess
intussusception hospitalizations and deaths and the averted
rotavirus hospitalizations and deaths. We performed a proba-
bilistic uncertainty analysis for the hospitalization and death
ratio of averted rotavirus disease for intussusception events
to capture uncertainty in combinations of vaccine benefit and
intussusception risk parameters. Uncertainty was accounted for
in intussusception cases and death by simultaneously varying
vaccine coverage, intussusception risk, and the intussusception
case-fatality proportion and—in hospitalizations and deaths
averted—Dby varying vaccination coverage, vaccine efficacy
against hospitalization and death, number of intussusception
hospitalizations or deaths, and the proportion of diarrheal
deaths due to rotavirus, using the ranges and distributions
(Supplementary Table 1). Ninety percent Cls are reported from
10 000 simulations to minimize the influence of outlying values
of inputs with long-tailed distributions[67].

RESULTS

In total, 7.8 million doses of rotavirus vaccine dose 1 are
administered annually in the 14 Latin American countries
included in this study, corresponding to 81% of their aggre-
gate birth cohort. At 15 weeks, a crude average of 81% of
infants had received DTP dose 1 in upper-middle-income
countries compared with 73% of infants in lower-middle-
income countries.

In the 14 countries, there are an estimated 13 rotavirus deaths
(country-specific range, 5-134) and an estimated 479 rotavirus

hospitalizations (country-specific range, 144-1016) annually
per 100 000 children <5 years of age. These rates translate to an
estimated 6302 deaths and 229 656 hospitalizations occurring
annually from rotavirus disease among children <5 years of
age. Pooled global age-specific estimates for baseline intus-
susception hospitalization rate per 100 000 infants were 11.9
(0-2 months), 89.1 (3-5 months), 83.2 (6—-8 months), and
47.6 (9-11 months). Given these rates, at baseline a total of
5556 intussusception hospitalizations and 326 intussuscep-
tion deaths were estimated to occur annually among an un-
vaccinated birth cohort of infants born in these 14 Latin
American countries in their first year of life (Table 3).

Rotavirus vaccination would avert 144 746 rotavirus hospi-
talizations (90% CI, 128 821-156 707) and 4124 rotavirus
deaths (90% CI, 3740-4239), whereas it would potentially re-
sult in an excess of 172 intussusception hospitalizations (90%
CI, 126-293) and 10 intussusception deaths (90% CI, 6-17)
annually during the first year of life, yielding benefit-risk
ratios for hospitalization and death of 841:1 (90% CI, 479:1
to 1142:1) and 395:1 (90% CI, 207:1 to 526:1), respectively
(Table 4).

Absolute numbers of lives saved and hospitalizations pre-
vented in these 14 countries were 3998 (90% CI, 3717—4236)
and 142 804 (90% CI, 129 126-156 832), respectively. Aggre-
gate age-specific excess intussusception events and averted ro-
tavirus disease from rotavirus vaccination, as well as baseline
values without vaccine, are presented for all 14 Latin American
countries (Figure 1). In an uncertainty analysis using 10 000
simulations of our probabilistic parameters, in comparing
rotavirus disease averted to intussusception events caused, the
hospitalization ratio was never below 100:1, and our death
ratio fell below 100:1 only once (Supplementary Figure 1).

DISCUSSION

To err on the side of safety in our analysis, we made several
conservative assumptions for model parameters. First, the
baseline estimates of intussusception rates from the pooled
global analysis (35-119 events per 100 000 live births) [20-28]
were greater than estimates from 3 small regional studies in
Latin America (22-55 events per 100 000 live births) [29-31].
We chose the global analysis because they offered age-specific
intussusception rates and included national data rather than
hospital-based cohorts. Second, we extended both the risks
from Mexico for dose 1 and from Brazil for dose 2 to the other
12 Latin American countries without country-specific data,
because the reasons for differences in risk between Mexico
and Brazil remain unclear [13]. Third, we assumed higher in-
tussusception case fatality for middle-income countries than
those reported from a study performed in Mexico, in order
to reflect events occurring in areas with poor healthcare access.
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Table 3. Estimates of the Burden of Disease Attributable to Intussusception and Rotavirus in the Absence of Rotavirus Vaccination

Intussusception

Rotavirus Disease

5-year Risk of 5-year Risk
Birth Cohort Hospitalization of Death
Estimates (Thousands) Hospitalizations® Deaths® Hospitalizations (per 100 000) Deaths (per 100 000)
Upper-Middle-Income Countries
Venezuela 595 345 17 13 754 462 384 13
Mexico 2097 1215 61 15 097 144 923 9
Brazil 3703 2146 107 117 015 632 850 5
Panama 70 41 2 1684 481 37 11
Colombia 879 509 25 14 061 320 219 5
Peru 586 340 17 29 779 1016 691 24
Lower-Middle-Income Countries
Ecuador 284 165 16 4107 289 271 19
El Salvador 159 92 9 3262 411 295 37
Guatemala 446 258 26 13 529 607 776 85
Paraguay 153 88 9 3250 426 185 24
Honduras 199 115 12 2801 281 663 67
Bolivia 263 153 15 6630 503 817 62
Guyana 14 8 1 228 336 91 134
Nicaragua 140 81 8 4460 638 100 14
Total 9588 5556 326 229 656 479 6302 13

@ Intussusception hospitalizations were calculated by multiplying age cohorts by global age-specific intussusception rates for each country.
® Intussusception deaths were calculated by multiplying intussusception hospitalizations by a hospitalization fatality rate of 5% for high-middle-income countries

and 10% for low-middle-income countries, based on available literature.

We also doubled intussusception case fatality in low-middle-
income countries relative to high-middle-income countries
to account for the relatively larger rural zones in these coun-
tries. Finally, indirect benefits of vaccination have been docu-
mented with rotavirus vaccines, and if these were included in
our analysis, they would further tip the balance in favor of
rotavirus vaccination [5, 6].

Despite these conservative assumptions, our benefit-risk
analysis shows that the annual number of deaths and hos-
pitalizations from rotavirus disease averted by vaccination
far exceeds the annual number of intussusception deaths and
hospitalizations that could be potentially caused by vaccina-
tion in these 14 Latin American countries. Even considering
the relatively high proportion of intussusception hospital-
izations requiring surgical intervention, the benefit-risk ratios
for death and hospitalization of 395:1 and 841:1 overwhelmingly
favor the benefits from vaccination. Together, these findings
support the public health benefits of continuing rotavirus
vaccination in Latin America.

Estimates of disease incidence, vaccine efficacy, and intus-
susception risk are the main drivers of the benefit-risk analysis,
and our confidence in the model results depends heavily on
the accuracy of these inputs. The incidence of rotavirus hos-
pitalization has been well established in Latin America, with
country-specific estimates of laboratory-confirmed rotavirus

hospitalization burden being available for 9 of the countries
in our analysis [36-41]. However, few studies have made
postmortem determination of the etiologic cause of diarrheal
deaths. Thus, in our model we used published country-specific
rotavirus death estimates, which have been determined on
the basis of rotavirus prevalence among children hospitalized
with diarrhea. Reassuringly, however, the observed reductions
in diarrhea deaths after rotavirus vaccination in Mexico [4]
and Brazil [68] have validated the estimate of the vaccine-
preventable burden of diarrhea deaths attributable to rotavirus
before rotavirus vaccines were introduced. These findings sub-
stantially improve our confidence in the rotavirus mortality
inputs for the model. The large clinical trial of Rotarix was
conducted in 11 Latin American countries providing robust
and representative vaccine efficacy data [69], which have been
confirmed by postlicensure effectiveness studies [5, 68]. More-
over, several Latin American countries are now in their third
or fourth year of vaccine use, and the sustained declines in di-
arrhea deaths and hospitalizations after vaccine introduction
have reaffirmed vaccine efficacy estimates (Supplementary
Table 2) [3-8, 10]. In our analysis, we did not assume any
reduction in vaccine effectiveness over time, as this was not
significantly appreciated in clinical trial data [69]. The in-
tussusception risk used in our model was obtained from
postlicensure trials, which are subject to reporting bias;
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Table 4. Estimated Change, After Implementation of Rotavirus Vaccination, in the Burden of Disease From Intussusception and

Rotavirus
Excess Intussusception Averted Rotavirus Disease
Hospitalizations  Deaths Hospitalizations Deaths Hospitalization Death Ratio

Estimates (90% ClI) (90% ClI) (90% ClI) (90% ClI) Ratio (90% CI)? (90% CI)?
Upper-Middle-Income Countries

Venezuela 13 (6-28) 1(0-2) 7817 (6464-9031) 255 (209-287) 607 (268-1345) 396 (137-1644)

Mexico 17 (8-32) 1(0-2) 10 005 (8260-11 567) 714 (584-803) 584 (295-1202) 834 (324-3396)

Brazil 68 (14-168) 3(0-10) 79 626 (65 877-92 020) 676 (552-756) 1176 (454-4922) 200 (63-1325)

Panama 2 (1-4) 0 (0-0) 1087 (901-1257) 8 (23-31) 654 (276-1405) 335 (111-1375)

Colombia 23 (10-51) 1(0-3) 8939 (7416-10 363) 162 (132-182) 390 (169-877) 142 (47-584)

Peru 13 (6-27) 1(0-2) 21 153 (17 463-24 584) 575 (467-644) 1641 (749-3422) 892 (314-3392)
Upper-middle-income total 135 (84-249) 7 (3-14) 128 626 (113 687-141 257) 2410 (2117-2517) 952 (504-1523) 357 (160-684)
Lower-Middle-Income Countries

Ecuador 6 (3-14) 1(0-2) 1748 (1066-2206) 138 (109-162) 300 (108-634) 237 (84-543)

El Salvador 4 (2-8) 0 (0-1) 1494 (796-1642) 159 (128-189) 3856 (132-771) 410 (163-1053)

Guatemala 7 (3-17) 1(0-2) 4589 (2824-5777) 333 (249-370) 627 (236-1393) 454 (164-999)

Paraguay 3 (2-8) 0 (0-1) 1469 (892-1845) 99 (79-118) 421 (1566-935) 284 (107-697)

Honduras 7 (3-15) 1(0-2) 1575 (981-1981) 444 (355-523) 242 (93-566) 682 (260-1742)

Bolivia 7 (3-15) 1(0-2) 2964 (1845-3733) 435 (345-512) 443 (168-1044) 650 (248-1691)

Guyana 0 (0-1) 0 (0-0) 101 (62-127) 8 (38-56) 317 (120-733) 1510 (561-3791)

Nicaragua 3 (1-6) 0 (0-1) 2181 (1349-2409) 9 (46-69) 760 (297-1579) 205 (81-468)
Lower-middle-income total 37 (31-58) 4 (2-4) 16 120 (13 172-17 429) 1715 (1535-1816) 437 (266-511) 465 (263-551)
All countries 172 (126-293) 10 (6-17) 144 746 (128 821-166 707) 4124 (3740-4239) 841 (479-1142) 395 (207-526)

Abbreviation: Cl, confidence interval.

@ Ratios given here as whole numbers correspond to the number of averted rotavirus events that are estimated to occur for each excess intussusception event.

however, a similar small post—dose 1 rotavirus vaccination
risk has been confirmed by 2 independently conducted
studies [14, 70]. The use of inputs generated by regional
studies conducted under real world conditions, as well as the
bounds of our uncertainty analysis, suggests that our con-
clusions are robust.

WHO recommends that the first dose of rotavirus vaccine
should be given by 15 weeks of age [71]. This maximizes the
benefits from vaccination by immunizing children early in life
before they are at greater risk from severe rotavirus gastroen-
teritis. Background rates of intussusception vary markedly
by infant age, with an 8-10-fold increase between infants
aged 1-3 and 4-6 months [20]. Assuming that rotavirus
vaccine-associated intussusception risk, relative to background
intussusception risk, is stable with age, administering vac-
cines early in life also minimizes the excess intussusception
risk [72]. Because data from several Latin American countries
indicate good compliance with WHO recommendation of ini-
tiating rotavirus vaccination by 15 weeks of age [5, 8, 13], it is
possible that the vaccine-attributable risk of intussusception is
lower in Latin America compared with a risk that could be
seen in countries where delays in vaccination are common
[17]. However, we showed elsewhere that even when an age
restriction is not imposed, at hypothetical intussusception

risks similar to those modeled in this study, the benefits in
terms of lives saved are substantially greater than the risks
of intussusception in settings with high rotavirus mortality
and delays in vaccination [73]. Moving forward, each country
will have to assess the risks and benefits of expanding the
age of administration of rotavirus vaccination in their own
setting based on the local burden of rotavirus disease, partic-
ularly mortality, and the timeliness of vaccination.

In summary, substantial reductions in deaths and hospi-
talizations from diarrhea have been well documented with use
of rotavirus vaccines in Latin America and are in contrast
to the short-term, lower-level risk of intussusception. For an
individual child, decisions about vaccine-related benefits and
risk should be made by informed parents after effective
communication with their providers. From a public health
perspective, however, our analysis shows that the documented
health benefits of vaccination far outweigh the risks and
supports continued rotavirus vaccination in Latin America.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online
(http://www.oxfordjournals.org/our_journals/cid/). Supplementary materials
consist of data provided by the author that are published to benefit the
reader. The posted materials are not copyedited. The contents of all
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A, Baseline and averted rotavirus hospitalizations and baseline and excess intussusception hospitalizations by age. Excess intussusception

hospitalizations by age group are as follows: 0—2 months (n = 50), 3-5 months (n = 120), 6-8 months (n = 2), and 9-11 months (n = 0). B, Baseline and
averted rotavirus deaths and baseline and excess intussusception deaths by age. Excess intussusception deaths by age group are as follows: 0—2 months

(n = 3), 3-5 months (n = 7), 6-8 months (n = 0), and 9-11 months (n =

0).

supplementary data are the sole responsibility of the authors. Questions
or messages regarding errors should be addressed to the author.

Notes

Disclaimer. The findings and conclusions in this report are those
of the authors and do not necessarily represent the views of the Centers
for Disease Control and Prevention. All decisions regarding the collection,
analysis, and interpretation of the data, writing of the report, and sub-
mitting the paper for publication were made solely by the authors of the
paper. The corresponding author had full access to all the data in the study
and had final responsibility for the decision to submit for publication.

Potential conflicts of interest. All authors: No reported conflicts.

All authors have submitted the ICMJE Form for Disclosure of Potential
Conlflicts of Interest. Conflicts that the editors consider relevant to the
content of the manuscript have been disclosed.

References

1. Parashar UD, Burton A, Lanata C, et al. Global mortality associated
with rotavirus disease among children in 2004. J Infect Dis 2009;
200(Suppl 1):59-15.

2. de Oliveira LH, danovaro-Holliday MC, Sanwogou JN, Ruiz-Matus C,
Tambini G, Andrus J. Progress in the introduction of the rotavirus
vaccine in Latin America and the Caribbean: four years of accumulated
experience. Pediatr Infect Dis J 2011; 30(Suppl 1):561-6.

3. Lanzieri TM, Linhares AC, Costa I, et al. Impact of rotavirus vaccination
on childhood deaths from diarrhea in Brazil. Int J Infect Dis 2011;
15:e206—10. Epub 28 Dec 2010.

4. Richardson V, Hernandez-Pichardo J, Quintanar-Solares M, et al.
Effect of rotavirus vaccination on death from childhood diarrhea in
Mexico. N Engl ] Med 20105 362:299-305.

10.

11.

12.

13.

. de Palma O, Cruz L, Ramos H, et al. Effectiveness of rotavirus vac-
cination against childhood diarrhoea in El Salvador: case-control
study. BMJ 2010; 340:c2825.

. Yen CY, Guardado JA, Alberto P, et al. Decline in rotavirus hospital-
izations and health care visits for diarrhea among children <5 years
of age following implementation of rotavirus vaccination in El
Salvador. Pediatr Infect Dis ] 2011; 30(Suppl 1):S6-10.

. Quintanar-Solares M, Yen CY, Esparza-Aguilar M, Richardson V,
Parashar U, Patel MM. Impact of rotavirus vaccination on diarrhea-
related hospitalizations among children <5 years of age in Mexico.
Pediatr Infect Dis ] 2011; 30(Suppl 1):S11-5.

. Patel M, Pedreira C, De Oliveira LH, et al. Association between
pentavalent rotavirus vaccine and severe rotavirus diarrhea among
children in Nicaragua. JAMA 2009; 301:2243-51.

. Molto Y, Cortes JE, De Oliveira LH, et al. Reduction of diarrhea-

associated hospitalizations among children aged <5 years in Panama

following the introduction of rotavirus vaccine. Pediatr Infect Dis J

2011; 30(Suppl 1):S16-20.

Lanzieri TM, Costa I, Shafi FA, et al. Trends in hospitalizations

from all-cause gastroenteritis in children younger than 5 years of

age in Brazil before and after human rotavirus vaccine introduction,

1998-2007. Pediatr Infect Dis J; 29:673-5.

Centers for Disease Control and Prevention. Withdrawal of rota-

virus vaccine recommendation. MMWR Morb Mortal Wkly Rep

1999; 48:1007.

Colindres RE. GSK human rotavirus vaccine Rotarix: PASS Mexico

study update. In: Presented at the Advisory Committee on immu-

nization Practices Meeting. Atlanta, GA, 2010. Available at: http://

www.cdc.gov/vaccines/recs/acip/meetings.htm#slides. Accessed 16

March 2011.

Patel MM, Lopez-Collada VR, Bulhoes MM, et al. Intussusception

risk and health benefits of rotavirus vaccination in Mexico and

Brazil. N Engl ] Med 2011; 364:2283-92.

Rotavirus Vaccine Benefit-Risk Analysis ¢ CID 2012:54 (15 May) e 1403

Zz0z 1snbny 9| uo1senb Aq 2121 GE/L6€L/0L/YS/811E/PIO/W0o dNo olWepeok//:Sd)y wol papeojumoq


http://www.cdc.gov/vaccines/recs/acip/meetings.htm#slides
http://www.cdc.gov/vaccines/recs/acip/meetings.htm#slides

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

Buttery JP, Danchin MH, Lee K]J, et al. Intussusception following
rotavirus vaccine administration: post-marketing surveillance in
the National Immunization Program in Australia. Vaccine 2011; 29:
3061-6.

World Health Organization. Statement on rotarix and rotateq vaccines
and intussusception. Available at: http://www.who.int/vaccine_safety/
topics/rotavirus/rotarix_and_rotateq/intussusception_sep2010/en/index.
html. Accessed 1 October 2010.

World Bank. 2009 World Development Indicators database. Available
at:  http://siteresources.worldbank.org/DATASTATISTICS/Resources/
GNIPC.pdf. Accessed 15 November 2010.

Clark A, Sanderson C. Timing of children’s vaccinations in 45 low-
income and middle-income countries: an analysis of survey data.
Lancet 2009; 373:1543-9.

World Health Organization and Unicef. Immunization coverage rates.
Available at: http://www.who.int/immunization_monitoring/routine/
immunization_coverage/en/index4.html. Accessed 30 October 2010.
World Health Organization. Meeting of the immunization Strategic
Advisory Group of Experts, April 2009—conclusions and recom-
mendations. Wkly Epidemiol Rec 2009; 84:220-36.

Tate JE, Simonsen L, Viboud C, et al. Trends in intussusception
hospitalizations among US infants, 1993-2004: implications for mon-
itoring the safety of the new rotavirus vaccination program. Pediatrics
2008; 121:e1125-32.

Abate H, Linhares AC, Venegas G, et al. A multi-center study of intus-
susception in Latin America: first year results (abstract). In: Presented at
International Congress of Pediatrics conference. Cancun, Mexico,
2004.

Buettcher M, Baer G, Bonhoeffer J, Schaad UB, Heininger U. Three-year
surveillance of intussusception in children in Switzerland. Pediatrics
2007; 120:473-80.

Chen YE, Beasley S, Grimwood K. Intussusception and rotavirus
associated hospitalisation in New Zealand. Arch Dis Child 2005; 90:
1077-81.

Fischer TK, Bihrmann K, Perch M, et al. Intussusception in early
childhood: a cohort study of 1.7 million children. Pediatrics 2004;
114:782-5.

Gay N, Ramsay M, Waight P. Rotavirus vaccination and intussuscep-
tion. Lancet 1999; 354:956.

Ho WL, Yang TW, Chi WC, Chang HJ, Huang LM, Chang MH.
Intussusception in Taiwanese children: analysis of incidence, length
of hospitalization and hospital costs in different age groups. ] Formos
Med Assoc 2005; 104:398—401.

Justice F, Carlin J, Bines J. Changing epidemiology of intussusception
in Australia. J Paediatr Child Health 2005; 41:475-8.

Nelson EA, Tam JS, Glass RI, Parashar UD, Fok TF. Incidence
of rotavirus diarrhea and intussusception in Hong Kong using stan-
dardized hospital discharge data. Pediatr Infect Dis J 2002; 21:701-3.
O’Ryan M, Lucero Y, Pena A, Valenzuela MT. Two year review of
intestinal intussusception in six large public hospitals of Santiago,
Chile. Pediatr Infect Dis J 2003; 22:717-21.

Perez-Schael 1, Escalona M, Salinas B, Materan M, Perez ME, Gonzalez G.
Intussusception-associated hospitalization among Venezuelan infants
during 1998 through 2001: anticipating rotavirus vaccines. Pediatr
Infect Dis ] 2003; 22:234-9.

Saez-Llorens X, Guevara JN. Intussusception and rotavirus vaccines:
what is the background risk? Pediatr Infect Dis J 2004; 23:363-5.
FDA. Information on Rotarix - Labeling revision pertaining to intus-
susception. Available at: http://www.fda.gov/BiologicsBloodVaccines/
Vaccines/ApprovedProducts/ucm226690.htm. Accessed 1 October 2010.
Patel M. Intussusception following administration of RV: PAHO
study, Brazil and Mexico. Presentation at the Advisory Committee on
immunization Practices meeting. Atlanta, GA, 2010.

de Oliveira LH, Danovaro-Holliday MC, Andrus JK, et al. Sentinel
hospital surveillance for rotavirus in Latin American and Caribbean
countries. J Infect Dis 2009; 200(Suppl 1):S131-9.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53

54.

55.

56.

De la Hoz F, Alvis N, Narvaez J, Cediel N, Gamboa O, Velandia M.
Potential epidemiological and economical impact of two rotavirus
vaccines in Colombia. Vaccine 2010; 28:3856—64.

Rheingans RD, Constenla D, Antil L, Innis BL, Breuer T. Economic
and health burden of rotavirus gastroenteritis for the 2003 birth cohort
in eight Latin American and Caribbean countries. Rev Panam Salud
Publica 2007; 21:192-204.

Guardado JA, Clara WA, Turcios RM, et al. Rotavirus in El Salvador:
an outbreak, surveillance and estimates of disease burden, 2000-2002.
Pediatr Infect Dis J 2004; 23(Suppl 10):S156—60.

Ehrenkranz P, Lanata CF, Penny ME, Salazar-Lindo E, Glass RI.
Rotavirus diarrhea disease burden in Peru: the need for a rotavirus
vaccine and its potential cost savings. Rev Panam Salud Publica
2001; 10:240-8.

Caceres DC, Pelaez D, Sierra N, Estrada E, Sanchez L. Burden of
rotavirus-related disease among children under five, Colombia, 2004.
Rev Panam Salud Publica 2006; 20:9-21.

Sartori AM, Valentim J, de Soarez PC, Novaes HM. Rotavirus
morbidity and mortality in children in Brazil. Rev Panam Salud
Publica 2008; 23:92—-100.

Amador JJ, Vasquez J, Orozco M, et al. Rotavirus disease burden,
Nicaragua 2001-2005: defining the potential impact of a rotavirus vac-
cination program. Int J Infect Dis 2010; 14:¢592—5. Epub 22 Dec 2009.
Hasing ME, Trueba G, Baquero MI, et al. Rapid changes in rotaviral
genotypes in Ecuador. ] Med Virol 2009; 81:2109-13.
Bourdett-Stanziola L, Ortega-Barria E, Espinoza F. Rotavirus genotypes
in Costa Rica, Nicaragua, Honduras and the Dominican Republic.
Intervirology. 2011; 54:49-52. Epub 6 Aug 2010.

World Health Organisation (WHO). Global and national estimates
of deaths under age five attributable to rotavirus infection: 2004 (as
of 31 March 2006). Available at: http://www.who.int/immunization_
monitoring/burden/rotavirus_estimates/en/. Accessed 11 May 2010.
Anh DD, Thiem VD, Fischer TK, et al. The burden of rotavirus di-
arrhea in Khanh Hoa Province, Vietnam: baseline assessment for
a rotavirus vaccine trial. Pediatr Infect Dis J 2006; 25:37—40.

Bahl R, Ray P, Subodh S, et al. Incidence of severe rotavirus diarrhea
in New Delhi, India, and G and P types of the infecting rotavirus
strains. J Infect Dis 2005; 192(Suppl 1):S114-19.

Nelson EA, Tam JS, Yu LM, Glass RI, Parashar UD, Fok TF. Surveillance
of childhood diarrhoeal disease in Hong Kong, using standardized
hospital discharge data. Epidemiol Infect 2004; 132:619-26.

Wilopo SA, Soenarto Y, Bresee JS, et al. Rotavirus surveillance to
determine disease burden and epidemiology in Java, Indonesia,
August 2001 through April 2004. Vaccine 2009; 27(Suppl 5):F61-6.
Hsu VP, Abdul Rahman HB, Wong SL, et al. Estimates of the bur-
den of rotavirus disease in Malaysia. ] Infect Dis 2005; 192(Suppl 1):S80—6.
Chen KT, Chen PY, Tang RB, et al. Sentinel hospital surveillance
for rotavirus diarrhea in Taiwan, 2001-2003. J Infect Dis 2005;
192(Suppl 1):544-8.

Jiraphongsa C, Bresee JS, Pongsuwanna Y, et al. Epidemiology and
burden of rotavirus diarrhea in Thailand: results of sentinel surveil-
lance. J Infect Dis 2005; 192(Suppl 1):S87-93.

Jin Y, Ye XH, Fang ZY, et al. Molecular epidemic features and vari-
ation of rotavirus among children with diarrhea in Lanzhou, China,
2001-2006. World J Pediatr 2008; 4:197-201.

. Putnam SD, Sedyaningsih ER, Listiyaningsih E, et al. Group A rota-

virus-associated diarrhea in children seeking treatment in Indonesia.
] Clin Virol 2007; 40:289-94.

Flem ET, Kasymbekova KT, Vainio K, et al. Rotavirus infection in
hospitalized children and estimates of disease burden in Kyrgyzstan,
2005-2007. Vaccine 2009; 27(Suppl 5):F35-9.

Ceyhan M, Alhan E, Salman N, et al. Multicenter prospective study
on the burden of rotavirus gastroenteritis in Turkey, 2005-2006:
a hospital-based study. ] Infect Dis 2009; 200(Suppl 1):5234-8.
Podkolzin AT, Fenske EB, Abramycheva NY, et al. Hospital-based
surveillance of rotavirus and other viral agents of diarrhea in children

1404 o CID 2012:54 (15 May) e Desai et al

Zz0z 1snbny 9| uo1senb Aq 2121 GE/L6€L/0L/YS/811E/PIO/W0o dNo olWepeok//:Sd)y wol papeojumoq


http://www.who.int/vaccine_safety/topics/rotavirus/rotarix_and_rotateq/intussusception_sep2010/en/index.html
http://www.who.int/vaccine_safety/topics/rotavirus/rotarix_and_rotateq/intussusception_sep2010/en/index.html
http://www.who.int/vaccine_safety/topics/rotavirus/rotarix_and_rotateq/intussusception_sep2010/en/index.html
http://siteresources.worldbank.org/DATASTATISTICS/Resources/GNIPC.pdf
http://siteresources.worldbank.org/DATASTATISTICS/Resources/GNIPC.pdf
http://www.who.int/immunization_monitoring/routine/immunization_coverage/en/index4.html
http://www.who.int/immunization_monitoring/routine/immunization_coverage/en/index4.html
http://www.fda.gov/BiologicsBloodVaccines/Vaccines/ApprovedProducts/ucm226690.htm
http://www.fda.gov/BiologicsBloodVaccines/Vaccines/ApprovedProducts/ucm226690.htm
http://www.who.int/immunization_monitoring/burden/rotavirus_estimates/en/
http://www.who.int/immunization_monitoring/burden/rotavirus_estimates/en/

57.

58.

59.

60.

61.

62.

63.

64.

65.

and adults in Russia, 2005-2007. J Infect Dis 2009; 200(Suppl 1):
$228-33.

Wu FT, Liang SY, Tsao KC, et al. Hospital-based surveillance and
molecular epidemiology of rotavirus infection in Taiwan, 2005-2007.
Vaccine 2009; 27(Suppl 5):F50—4.

Soenarto Y, Aman AT, Bakri A, et al. Burden of severe rotavirus di-
arrhea in Indonesia. ] Infect Dis 2009; 200(Suppl 1):5S188-94.
Eesteghamati A, Gouya M, Keshtkar A, et al. Sentinel hospital-based
surveillance of rotavirus diarrhea in Iran. J Infect Dis 2009; 200(Suppl 1):
S244-7.

Jenney A, Tikoduadua L, Buadromo E, et al. The burden of hospitalised
rotavirus infections in Fiji. Vaccine 2009; 27(Suppl 5):F108-11.

Moe K, Thu HM, Oo WM, et al. Genotyping of rotavirus isolates
collected from children less than 5 years of age admitted for diarrhoea
at the Yangon children’s hospital, Myanmar. Vaccine 2009; 27(Suppl 5):
F89-92.

Sherchand JB, Nakagomi O, Dove W, et al. Molecular epidemiology
of rotavirus diarrhea among children aged <5 years in Nepal: pre-
dominance of emergent G12 strains during 2 years. J Infect Dis 2009;
200(Suppl 1):8182-7.

Flem ET, Musabaev E, Juraev R, et al. Rotavirus gastroenteritis in
Uzbekistan: implications for vaccine policy in central Asia. J Infect Dis
2009; 200(Suppl 1):8154-9.

Aloun DS, Nyambat B, Phetsouvanh R, et al. Rotavirus diarrhoea
among children aged less than 5 years at Mahosot hospital, Vientiane,
Lao PDR. Vaccine 2009; 27(Suppl 5):F85-8.

Nyambat B, Meng CY, Vansith K, et al. Hospital-based surveillance for
rotavirus diarrhoea in Phnom Penh, Cambodia, March 2005 through
February 2007. Vaccine 2009; 27(Suppl 5):F81—4.

66.

67.

68.

69.

70.

71.

72.

73.

Ruiz-Palacios GM, Perez-Schael I, Velazquez FR, et al. Safety and ef-
ficacy of an attenuated vaccine against severe rotavirus gastroenteritis.
N Engl ] Med 2006; 354:11-22.

Scallan E, Hoekstra RM, Angulo FJ, et al. Foodborne illness acquired
in the United States—major pathogens. Emerg Infect Dis 2011; 17:
7-15.

Correia JB, Patel MM, Nakagomi O, et al. Effectiveness of mono-
valent rotavirus vaccine (Rotarix) against severe diarrhea caused by
serotypically unrelated G2P[4] strains in Brazil. J Infect Dis 2010;
201:363-9.

Linhares AC, Velazquez FR, Perez-Schael I, et al. Efficacy and safety
of an oral live attenuated human rotavirus vaccine against rotavirus
gastroenteritis during the first 2 years of life in Latin American infants:
a randomised, double-blind, placebo-controlled phase III study. Lancet
2008; 371:1181-9.

Colindres R. Intussusception following administration of rota-
virus 620 vaccine (RV): GSK study, Mexico. Presentation at the
Advisory Committee on immunization Practices meeting. Atlanta,
GA, 2010.

World Health Organization. Meeting of the Strategic Advisory Group
of Experts on immunization, October 2009—conclusions and recom-
mendations. Wkly Epidemiol Rec 2009; 84:518.

Simonsen L, Viboud C, Elixhauser A, Taylor R], Kapikian AZ. More
on RotaShield and intussusception: the role of age at the time of
vaccination. J Infect Dis 2005; 192(Suppl 1):S36-43.

Patel MM, Clark AD, Glass RI, et al. Broadening the age restriction
for initiating rotavirus vaccination in regions with high rotavirus
mortality: benefits of mortality reduction versus risk of fatal intus-
susception. Vaccine 2009; 27:2916-22.

Rotavirus Vaccine Benefit-Risk Analysis ¢ CID 2012:54 (15 May) e 1405

Zz0z 1snbny 9| uo1senb Aq 2121 GE/L6€L/0L/YS/811E/PIO/W0o dNo olWepeok//:Sd)y wol papeojumoq



