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INTRODUCTION

THE IMPACT OF 
 ROTAVIRUS 

VACCINATION

Two oral, live attenuated rotavirus vaccines—the 
three-dose RotaTeq®, produced by Merck & Co., 
and the two-dose ROTARIX®, manufactured by 
GlaxoSmithKline (GSK)—have been on the global 
market since 2006. ROTARIX consists of a single 
strain of human rotavirus, and RotaTeq compris-
es five strains of human-bovine rotaviruses; both 
were found in clinical trials in the U.S., Western 
European, and Latin American countries to provide 
80–90% protection against severe rotavirus diar-
rhea in infants and young children.(1,2)

Many of these countries became early adopt-
ers of rotavirus vaccines, and the real-world impact 
of their introduction in national immunization 
programs has been substantial—and often greater 
than expected. Both vaccines cut the number of hos-
pitalizations caused by rotavirus in children under 
5 years of age by 45–94% in high-income countries, 
such as the U.S., Australia, Belgium, and Austria, 
and all hospitalizations from diarrhea in this age 
group by 25–54%.(3-14) Latin American countries 
also saw declines in diarrheal hospitalizations rang-
ing from 13% to as high as 48%, and several experi-
enced a significant reduction in childhood deaths 
from diarrhea—from 16% in Honduras to 64% in 
Venezuela.(15-22)

Clinical trials of rotavirus vaccines in low- and 
middle-income countries in Africa and Asia also 
found both vaccines to be effective in preventing 
rotavirus gastroenteritis, but at a somewhat lower 
level of efficacy than in the trials in high-income 

countries and Latin America. The efficacy against 
severe rotavirus diarrhea of ROTARIX was 49% in 
Malawi and 77% in South Africa,(23) while RotaTeq 
provided 55% protection in Ghana and 64% in 
Kenya.(24) Similarly, a trial of RotaTeq in Asia yield-
ed a vaccine efficacy of 43% in Bangladesh and 64% 
in Vietnam.(25) Because of these results, there was 
some concern that the real-life impact of rotavirus 
vaccination may be less in low- and middle-income 
countries in Asia and Africa.

However, as more countries have introduced 
these vaccines into their national immunization 
schedule—including many low-income, high-bur-
den countries in Africa and middle-income coun-
tries in Asia and Eastern Europe—a more complete 
picture of the impact of rotavirus vaccination in 
countries at different levels of development and 
with varying levels of disease burden and child mor-
tality has emerged.

In this section, we present data from countries 
in different regions and income levels demonstrat-
ing the real-world impact of introducing rotavirus 
vaccines on rotavirus and diarrhea-related hospital-
izations and deaths; on herd immunity (the ability 
of vaccination to protect unvaccinated individuals); 
on the extent to which the vaccines provide protec-
tion against a variety of rotavirus strains, including 
those not included in the vaccines (“cross-protec-
tion”); and on how vaccination coverage can affect 
the impact of vaccination.
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Countries with � 1 rotavirus vaccine impact study

FIG. 1 REAL-WORLD IMPACT OF INTRODUCING ROTAVIRUS VACCINES IN  
NATIONAL IMMUNIZATION PROGRAMS, IN ALL REGIONS AND INCOME LEVELS

1) U.S.(10, 12–14)

The lab diagnosis of rotavirus 
declined 58–90% since rotavi-
rus vaccines were introduced 
in 2006.

2) Thailand(26)

In a pilot introduction of rota-
virus vaccine in one province, 
hospitalizations from rotavirus 
declined 88% over 2 years.

3) Mexico(27)

Deaths due to diarrhea in <5s 
fell 53% on average in post-
vaccination years, preventing 
nearly 1,000 deaths/year.

4) Brazil(28)

Diarrheal deaths in children  
<5 were cut by more than  
half (55%) following vaccine 
introduction.

5) Moldova(29)

Rotavirus hospitalizations in 
two national hospitals fell 73% 
in infants by the second year 
following vaccine introduction.

6) Belgium(8)

A study of 12 hospitals found an 
80% decline in the percent of 
hospitalized diarrhea due to ro-
tavirus in children 2–24 months 
of age by the second year 
following vaccine introduction.

7) Malawi(30)

In Malawi, impact against 
diarrhea-associated mortality 
in infants was 31%.

8) Rwanda(31)

With 99% vaccination cover-
age, hospital admissions due 
to rotavirus fell by 61–70% in 
<5s in two years post vaccine 
introduction.

The difference in the efficacy of rotavirus 
vaccines between high-income and 
low- and middle-income countries

Rotavirus vaccine is one of several oral, live vac-
cines—including oral polio vaccine (OPV), chol-
era, and typhoid vaccines—that have lower levels 
of efficacy in low-income, high-mortality coun-
tries than in wealthier countries. The reasons 
for this lower efficacy are not completely under-
stood. Some factors that may reduce the immune 
response of oral vaccines in low-income settings 
include higher rates of malnutrition and micronu-

trient deficiencies; interference from other infec-
tions in the gut, as well as from infections such as 
HIV, tuberculosis, and malaria; and higher levels 
of maternal antibodies.(32-34)

Another reason that has been suggested is the 
administration of rotavirus vaccines at the same 
time as OPV, which is used mainly in low- and 
middle-income countries, whereas industrialized 
countries use the injectable IPV.(34-37) This may be 
due to the fact that both rotavirus and OPV contain 
live virus strains that replicate in the gut, and thus 
OPV could interfere with the immune response to 
rotavirus vaccine.

ROTAVIRUS VACCINES HAVE A GREATER 
PUBLIC HEALTH IMPACT IN LOW-INCOME 
COUNTRIES DESPITE LOWER VACCINE 
EFFICACY RATES IN CLINICAL TRIALS

Efficacy rates in rotavirus vaccine clinical trials  
were found to be lower (43–65%) in low-income 
countries than in middle- and high-income coun-
tries (77–90%). However, because rates of severe 
rotavirus diarrhea tend to be higher in low-income 
countries and those with high levels of child mor-
tality, and transmission of the disease is year-
round, the vaccines prevent more hospitalizations 
and deaths per population in low-income coun-
tries than they do in middle- and high-income 
countries.

For example, in Malawi, the vaccine had an ef-

ficacy rate of 49% against severe rotavirus diarrhea 
in a clinical trial, compared to 77% in the same 
trial in South Africa.(23) However, the baseline in-
cidence of severe rotavirus (as seen in the placebo 
group) was nearly 2.5 times higher in Malawi (13.1 
per 100 infants) than in South Africa (5.4 per 100 in-
fants). Consequently, the vaccine prevented nearly 
seven cases of severe rotavirus gastroenteritis for 
every 100 children vaccinated in Malawi, versus 
around four cases per 100 vaccinated children in 
South Africa. Similar results were seen comparing 
two countries in Asia.

Rotavirus vaccines in real-life use: 
Spotlight on Malawi

Clinical trials in Africa found rotavirus vaccines to 
be 49–77% efficacious in preventing severe rota-
virus gastroenteritis (depending on the country). 
Malawi introduced ROTARIX into their national 
immunization program in 2012. One study found 
ROTARIX to be 71% effective in preventing rota-
virus-related hospitalizations in the first year of 

life,(38) while another study found a vaccine effec-
tiveness of 83% against severe disease in infants 
less than 12 months of age.(39) Vaccine effective-
ness was substantially lower (32%) in the second 
year of life in both studies. 

A recent, large population-based study found 
that ROTARIX reduced infant diarrheal deaths by 
one-third in Malawi.(30) These studies demonstrate 
a similar impact to that seen in middle-income 
countries, such as Mexico (see page 8).

REAL-WORLD IMPACT

CASES OF SEVERE ROTAVIRUS PREVENTED PER 100 VACCINATED 
INFANTS IN COUNTRIES WITH DIFFERENT BASELINE RATES OF ROTAVIRUS*(25)

75%
50%
Percent efficaciousCountry income level

Low
Middle
*Baseline incidence rates are the rates found in the placebo group in each clinical trial.

Cases prevented per 100 vaccinated infants
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FIG. 4 CHANGE IN HOSPITALIZATIONS 
AMONG CHILDREN <5 AT 2 HOSPITALS 

IN ARMENIA FOLLOWING VACCINE 
INTRODUCTION(41)
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Note: Rotavirus vaccine was introduced in November 2013.

DECLINES IN 
ROTAVIRUS DIARRHEA 

HOSPITALIZATIONS
Hospital-based studies in five African and two 
Eastern European countries showed that two years 
following the introduction of rotavirus vaccines 
(either ROTARIX or RotaTeq) into their national 
immunization programs, hospitalizations due to 
rotavirus had fallen by 63–80% in infants under 
12 months of age (Figure 2).(14,29,40-45) In several 
countries, such as Armenia, Burkina Faso, and 
Moldova, these declines were on par with those 
seen, on average, in the U.S.(14) The reduction in 
rotavirus hospitalizations among children in their 
second year of life varied more widely (21–75%), 
but was still 50% or greater in several countries. 

The immediate impact of rotavirus vaccine 
was apparent in Ghana, which achieved 95% vac-
cination coverage soon after ROTARIX was intro-

In countries where rotavirus occurs only during 
certain months, such as South Africa, the season-
ality of the disease still occurs following vaccine 
introduction, but peaks have greatly declined and 
the seasons have considerably shortened, for in-
stance, by four weeks in South Africa.(42)

Vaccine impact is heavily driven by immuni-
zation coverage. In four African countries—Ethi-
opia, Rwanda, Tanzania, and Zambia—that intro-
duced the vaccine in 2012 or 2013, the average pro-
portion of hospitalized diarrhea in children under 

5 that tested positive for rotavirus in surveillance 
hospitals was 38% in 2013 when vaccine coverage 
averaged 13% in the four countries (Figure 5).(47) By 
2015, once average vaccination coverage reached 
90%, the percent positive for rotavirus had fallen 
to 19%. In contrast, the rotavirus positivity rate 
in three countries that hadn’t introduced the vac-
cine by 2015 (Lesotho, Seychelles, and Uganda) re-
mained about the same (about 30%) during this 
same period.(47)

duced into the national immunization program. 
The number of hospital admissions due to rotavi-
rus at six sentinel sites throughout the country fell 
sharply, and the usual high seasonal peaks, most 
notable in infants, did not reappear (Figure 3).(40)

The blunting or near disappearance of the 
typical seasonal peaks of rotavirus has been seen in 
many other countries, such as Armenia (Figure 4).(41) 
Prior to the national introduction of rotavirus 
vaccine in late 2012, rotavirus diarrhea made up 
60% of acute gastroenteritis cases among children 
under 5 years of age that occurred during mid-win-
ter months in the capital of Yerevan. Two years 
later, only 20% of acute diarrhea during these 
months was due to rotavirus.
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FIG. 5 ROTAVIRUS DIARRHEA HOSPITALIZATIONS DECLINED IN  
COUNTRIES WITH ROUTINE ROTAVIRUS VACCINE USE(47)

Avg. % rotavirus positives in 4 countries with vaccine
Avg. % rotavirus positives in 3 countries without vaccine

Avg. rotavirus vaccine coverage rates in the 4 countries

FIG. 3 ROTAVIRUS-POSITIVE 
ADMISSIONS AT SIX SENTINEL 
SURVEILLANCE HOSPITALS IN  

GHANA BY AGE GROUP(40) 
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FIG. 2 REDUCTIONS IN ROTAVIRUS HOSPITALIZATIONS TWO YEARS FOLLOWING 
THE INTRODUCTION OF ROTAVIRUS VACCINE, BY COUNTRY INCOME LEVEL
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The impact of rotavirus vaccination on overall hos-
pitalizations due to diarrhea in African countries 
that have introduced the vaccine in the past sever-
al years has been comparable to that seen in the 
U.S. and Latin America countries.

In three countries (Ghana, Rwanda, and 
South Africa), diarrheal hospitalizations from all 
causes fell by more than half in infants the year fol-
lowing the vaccine’s introduction, as compared to 
pre-vaccination periods (Figure 6).(31,40,48) These 
reductions from the years before vaccination con-
tinued at a similar or higher level into the second 
year following vaccine introduction. 

Data from a middle-income country in Asia 
also demonstrate the large effect that rotavirus 
vaccine introduction can have on diarrheal hospi-

talization rates. A pilot introduction of ROTARIX 
in the Philippines also saw diarrhea admissions 
decline as immunization coverage increased.(49) 
By the third year, once the vaccine was provided 
throughout the province and coverage of both 
doses had reached 88%, hospitalizations due to 
diarrhea in children under 5 had declined by 63% 
from the average annual number of cases over 
three years prior to the vaccine introduction. Only 
when vaccine coverage declined in 2016, due to a 
six-month stockout of the vaccine, did diarrheal 
hospitalizations begin to rise again.

A review of the impact of rotavirus vaccina-
tion in 25 countries found that, on average, the 
decline in hospitalizations from all-cause diarrhea 
among children following vaccine introduction 

did not differ that much across countries with dif-
fering child mortality levels (Table 1).(52) This is 
despite the lower vaccine efficacy found in clinical 
trials of rotavirus vaccines in low-income as com-

pared to middle- and high-income countries. In 
fact, high-mortality countries saw the largest re-
ductions, on average, in diarrheal hospitalizations 
in children under 5 (see Table 1 for more details).

DECLINES IN 
OVERALL DIARRHEA 
HOSPITALIZATIONS

POTENTIAL IMPACT IN ASIA
A recent analysis estimates that 1.4 million hospi-
talizations and 89,000 deaths from rotavirus occur 
each year in Asia.(53) Most countries in the region 
haven’t introduced rotavirus vaccines yet. If all 43 
countries in Asia were to introduce the vaccine na-
tionally at the same coverage rates as pentavalent 
vaccine, rotavirus hospitalizations would be cut 

in half and deaths would be reduced by 40%. Na-
tional introductions in six countries alone—China, 
India, Bangladesh, Indonesia, Philippines, and 
Vietnam—would prevent about half a million rota-
virus hospitalizations each year. Vaccine introduc-
tion in China alone would prevent about 212,000 
hospitalizations per year.

36%

28%

33%

Reduction in infants <1 year

Low (1.9–7 deaths per 1,000 live births)

Medium (8–17 deaths per 1,000 live births)

High (13–157 per 1,000 live births)

Child mortality level of country

41%

30%

46%

Reduction in children <5 years 

TABLE 1 MEDIAN REDUCTION IN ACUTE GASTROENTERITIS HOSPITALIZATIONS 
FOLLOWING ROTAVIRUS VACCINE INTRODUCTION IN 25 COUNTRIES(52)

8

9

8

Number of countries

100%

80%

60%

40%

20%

0

Rotavirus cases Rotavirus vaccine coverage (%)

FIG. 7 <5 DIARRHEA HOSPITALIZATIONS AND VACCINE COVERAGE AT REFERRAL 
HOSPITAL IN THE PHILIPPINES POST-PILOT INTRODUCTION(49)
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FIG. 6 MAJOR DECLINES IN DIARRHEAL DISEASE HOSPITALIZATION AMONG 
CHILDREN <1 ACROSS COUNTRIES AFTER ROTAVIRUS VACCINE INTRODUCTION
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REDUCTION IN CHILD-
HOOD DIARRHEAL DEATHS

CROSS-PROTECTION  
AND INDIRECT  

EFFECTS
In several middle-income, medium-mortality 
countries in Latin America, rotavirus vaccine re-
duced diarrheal deaths in children by half or more.

Brazil

Following the introduction of rotavirus vaccine, 
the number of hospital deaths due to gastroenteri-
tis in children under five was 60% lower, on aver-
age, over a four-year period than expected, based 
on the number of pre-vaccination hospital deaths 
and accounting for secular declines in diarrheal 
mortality due to improvements in water and san-
itation and other factors.(28) The reduction grew 
each year—reaching 73% by the fourth year follow-
ing vaccine introduction.

Mexico

Mexico saw a 46% drop in all-diarrhea mortality 
in children less than 5 years old, on average, over 
three years following the introduction of rotavirus 
vaccines in the national immunization program, 
with a vaccine coverage rate of about 90% (Figure 

8).(54,55) This decline continued over time—reach-
ing 53%, on average, over a seven-year period com-
pared to the pre-vaccination period.(27)

Other countries

In other Latin American countries with high-
er child mortality rates, reductions in diarrheal 
deaths after rotavirus vaccine introduction were 
lower, but still substantial. The reductions among 
children under 5 were 35–43% in Bolivia, 16–20% 
in Honduras, and 0–36% in El Salvador, with the 
range due to different estimation methods.(15) Re-
cent data from two high-mortality African coun-
tries (Zambia and Botswana) show similar de-
clines—of around one-third—in hospital deaths 
from diarrhea in children under age 1.(50,56)

A review of data from 14 countries found that, 
on average, the reduction in diarrheal deaths in 
children following rotavirus vaccine introduction 
was greater (45–55%) in countries with medium 
child mortality rates (generally middle-income 
countries) than in high-mortality, low-income 
countries (where it was 30–36%).(52) 

Rotavirus vaccines offer broad protection 
against different strains of the virus

There are more than 60 strains of rotavirus that 
are known to cause disease in humans. Each strain 
consists of a unique combination of two types of 
antigens—a G type and a P type. The most common 
strain currently circulating worldwide is G1P[8]. 
However, in some parts of the world, other strains 
are more common. In fact, predominant strains 
can differ from region to region, from country to 
country within a region, and even over time within 
the same country. The diversity of strains is great-
est in Africa and Asia, and new strains have recent-
ly emerged in Africa.(38)

Therefore, it is essential that rotavirus vac-
cines provide protection across a broad range of 
strains. Otherwise, it would be necessary to have 
many different vaccine formulations for different 
regions or even countries, and to change them as 
the prevailing strains in an area change over time. 

Fortunately, both ROTARIX, made up of the 
single G1P[8] strain, and RotaTeq, made up of five 

different G and P genotypes (G1, G2, G3, G4, and 
P8), have been shown in clinical trials to cross-pro-
tect against a variety of rotavirus strains. In an in-
tegrated analysis of clinical trials that took place 
mainly in Latin America and Europe, ROTARIX 
provided protection against several circulating 
strains.(57, 58) However, further study is needed in 
less developed settings to study cross-protection 
of non-vaccine strains.(38) This pattern was also 
seen in the first African trial of ROTARIX that took 
place in Malawi and South Africa.(59) The vaccine 
performed equally well or better against genotypes 
not included in the vaccine, such as G8 and P4, as 
it did against those in the vaccine (G1 and P8). Ro-
taTeq has also been found to provide protection 
against a variety of strains, including those not in 
the vaccine.(46,60)

In addition, clinical efficacy trials in India 
showed that ROTAVAC (made up of the single 
G9P[11] strain) protected against multiple strains 
not included in the vaccine.(61)

2 years

1 year

25 months

2 years

2 years

1 year

2 years

Timeframe post-vaccine introduction

29%

55%

40–69%*

48%

55%

72%

35%

Percent reduction in rotavirus hospitalizations

TABLE 2 REDUCTIONS IN ROTAVIRUS-RELATED HOSPITALIZATIONS AMONG 
UNVACCINATED 2–5 YEAR-OLD CHILDREN FOLLOWING VACCINE INTRODUCTION

Ghana(40)

Mozambique(43) 

Thailand(26)

Armenia(41) 

Moldova(29) 

U.S.(14) 

Austria(3)

Country

More Reading: There are a number of time-series analyses of national administrative datasets of mortality following rotavirus  
vaccine introduction from Bolivia, Brazil, Mexico, and other South American countries. See rotacouncil.org.

*69% reduction in 36–47-month-olds and 40% in 48–59-month-olds.

FIG. 8 DEATHS IN MEXICO AMONG CHILDREN <5 YEARS BEFORE 
AND 3 YEARS AFTER INTRODUCTION OF ROTAVIRUS VACCINE(55)

Number of deaths

200
160
120

80
40

0

Sept ’02 Sept ’03 Sept ’04 Sept ’10Sept ’05 Sept ’06 Sept ’07 Sept ’08 Sept ’09

Countrywide vaccine introduction: May ’07

0–11 m 24–59 m12–23 m



1110

1. Ruiz-Palacios, G.M., et al., Safety and 
efficacy of an attenuated vaccine against 
severe rotavirus gastroenteritis. New 
England Journal of Medicine, 2006. 354(1): 
p. 2725–2732.

2. World Health Organization., Rotavirus 
vaccines WHO position paper: January 2013, 
in Weekly epidemiological record. 2013. 
p. 49–64.

3. Paulke-Korinek, M., et al., Herd immunity 
after two years of the universal mass 
vaccination program against rotavirus 
gastroenteritis in Austria. Vaccine, 2011. 
29(15): p. 2791–2796.

4. Paulke-Korinek, M., et al., Sustained low 
hospitalization rates after four years of 
rotavirus mass vaccination in Austria. 
Vaccine, 2013. 31(24): p. 2686–2691.

5. Buttery, J.P., et al., Reduction in rotavirus-
associated acute gastroenteritis following 
introduction of rotavirus vaccine into 
Australia’s National Childhood vaccine 
schedule. Pediatr Infect Dis J, 2011. 30(1 
Suppl): p. S25–9.

6. Pendleton, A., et al., Impact of rotavirus 
vaccination in Australian children below 5 
years of age: a database study. Hum Vaccin 
Immunother, 2013. 9(8): p. 1617–1625.

7. Braeckman, T., et al., Effectiveness of 
rotavirus vaccination in prevention 
of hospital admissions for rotavirus 
gastroenteritis among young children in 
Belgium: case-control study. BMJ, 2012. 
345: p. e4752–e4752.

8. Raes, M., et al., Reduction in pediatric 
rotavirus-related hospitalizations after 
universal rotavirus vaccination in Belgium. 
Pediatr Infect Dis J, 2011. 30(7): p. e120–5.

9. Standaert, B., et al., Improvement in 
hospital Quality of Care (QoC) after the 
introduction of rotavirus vaccination: An 
evaluation study in Belgium. Hum Vaccin 
Immunother, 2015. 11(9): p. 2266–73.

10. Payne, D.C., et al., Direct and indirect 
effects of rotavirus vaccination upon 
childhood hospitalizations in 3 US Counties, 
2006–2009. Clin Infect Dis, 2011. 53(3): 
p. 245–53.

11. Vesikari, T., et al., Impact and Effectiveness 
of RotaTeq® Vaccine Based on 3 Years of 
Surveillance Following Introduction of a 
Rotavirus Immunization Program in Finland. 
Pediatr Infect Dis J, 2013. 32: p. 1365–1373.

12. Tate, J.E., et al., Trends in National Rotavirus 
Activity Before and After Introduction 
of Rotavirus Vaccine into the National 
Immunization Program in the United States, 
2000 to 2012. The Pediatric Infectious 
Disease Journal, 2013. 32(7): p. 741–744.

13. Yen, C., et al., Diarrhea-associated 
hospitalizations among US children over 2 
rotavirus seasons after vaccine introduction. 
Pediatrics, 2011. 127(1): p. e9–e15.

14. Leshem, E., et al., Rotavirus vaccines and 
health care utilization for diarrhea in the 
United States (2007–2011). Pediatrics, 
2014. 134(1): p. 15–23.

15. De Oliveira, L.H., et al., Temporal trends in 
diarrhea-related hospitalizations and deaths 
in children under age 5 before and after the 
introduction of the rotavirus vaccine in four 
Latin American countries. Vaccine, 2013. 31: 
p. C99–C108.

16. Lanzieri, T.M., et al., Impact of rotavirus 
vaccination on childhood deaths from 
diarrhea in Brazil. Int J Infect Dis, 2011. 
15(3): p. e206–10.

17. do Carmo, G.M., et al., Decline in diarrhea 
mortality and admissions after routine 
childhood rotavirus immunization in Brazil: 
a time-series analysis. PLoS Med, 2011. 8(4): 
p. e1001024–e1001024.

18. Yen, C., et al., Decline in rotavirus 
hospitalizations and health care visits for 
childhood diarrhea following rotavirus 
vaccination in El Salvador. Pediatr Infect Dis 
J, 2011. 30(1 Suppl): p. S6–S10.

19. Quintanar-Solares, M., et al., Impact of 
rotavirus vaccination on diarrhea-related 
hospitalizations among children <5 years of 
age in Mexico. Pediatr Infect Dis J, 2011. 30(1 
Suppl): p. S11–5.

20. Becker-Dreps, S., et al., Community diarrhea 
incidence before and after rotavirus vaccine 
introduction in Nicaragua. Am J Trop Med 
Hyg, 2013. 89(2): p. 246–50.

21. Bayard, V., et al., Impact of rotavirus 
vaccination on childhood gastroenteritis-
related mortality and hospital discharges 
in Panama. Int J Infect Dis, 2012. 16(2): 
p. e94–8.

22. Molto, Y., 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(1 Suppl): p. S16–20.

23. Madhi, S.A., et al., Effect of human rotavirus 
vaccine on severe diarrhea in African 
infants. N Engl J Med, 2010. 362(4): 
p. 289–298.

24. Armah, G.E., et al., Efficacy of pentavalent 
rotavirus vaccine against severe rotavirus 
gastroenteritis in infants in developing 
countries in sub-Saharan Africa: a 
randomised, double-blind, placebo-
controlled trial. The Lancet, 2010. 
376(9741): p. 606–614.

25. Zaman, K., et al., Efficacy of pentavalent 
rotavirus vaccine against severe rotavirus 
gastroenteritis in infants in developing 
countries in Asia: a randomised, double-
blind, placebo-controlled trial. The Lancet, 
2010. 376(9741): p. 615–623.

26. Tharmaphornpilas, P., et al., Evaluating the 
first introduction of rotavirus vaccine in 
Thailand: Moving from evidence to policy. 
Vaccine, 2017. 35: p. 796–801.

27. Sánchez-Uribe, E., et al., Sustained 
Reduction of Childhood Diarrhea-Related 
Mortality and Hospitalizations in Mexico 
after Rotavirus Vaccine Universalization. 
Clinical Infectious Diseases, 2016.

28. Costa, I., et al., Sustained decrease 
in gastroenteritis-related deaths and 
hospitalizations in children less than 5 years 
of age after the introduction of rotavirus 
vaccination a time-trend analysis in Brazil 
(2001–2010). Pediatric Infectious Disease 
Journal, 2016. 35(6): p. e180-e190.

29. Gheorghita, S., et al., Impact of Rotavirus 
Vaccine Introduction and Vaccine 
Effectiveness in the Republic of Moldova. 
Clinical Infectious Diseases, 2016. 62(Suppl 
2): p. S140-S146.

30. Bar-Zeev, N., et al., Impact of monovalent 
rotavirus vaccine on diarrhoea-associated 
post-neonatal infant mortality in rural 
communities in Malawi: a population-based 
birth cohort study. The Lancet Global 
Health, 2018. 6(9): p. e1036-e1044.

31. Ngabo, F., et al., Effect of pentavalent 
rotavirus vaccine introduction on hospital 
admissions for diarrhoea and rotavirus in 
children in Rwanda: a time-series analysis. 
The Lancet Global Health, 2016. 4(2): 
p. e129–e136.

32. Glass, R.I., et al., Rotavirus vaccines: 
Successes and challenges. Journal of 
Infection, 2014. 68: p. S9–S18.

33. Tate, J.E., et al., Effectiveness of Pentavalent 
Rotavirus Vaccine Under Conditions of 
Routine Use in Rwanda. Clinical Infectious 
Diseases, 2016. 62(suppl 2): p. S208–S212.

34. Patel, M., A.D. Steele, and U.D. Parashar, 
Influence of oral polio vaccines on 
performance of the monovalent and 
pentavalent rotavirus vaccines. Vaccine, 
2012. 30(SUPPL. 1): p. 30–35.

35. Steele, A.D., et al., Comparison of 2 
Different Regimens for Reactogenicity, 
Safety, and Immunogenicity of the Live 
Attenuated Oral Rotavirus Vaccine RIX4414 
Coadministered with Oral Polio Vaccine 
in South African Infants. The Journal 
of Infectious Diseases, 2010. 202(S1): 
p. S93-S100.

36. Ciarlet, M., et al., Concomitant use of the 
oral pentavalent human-bovine reassortant 
rotavirus vaccine and oral poliovirus 
vaccine. Pediatric Infectious Disease 
Journal, 2008. 27(10): p. 874–880.

37. Emperador, D.M., et al., Interference 
of Monovalent, Bivalent, and Trivalent 
Oral Poliovirus Vaccines on Monovalent 
Rotavirus Vaccine Immunogenicity in Rural 
Bangladesh. Clinical Infectious Diseases, 
2015. 18(3): p. 386–392.

38. Bar-Zeev, N., et al., Population Impact and 
Effectiveness of Monovalent Rotavirus 
Vaccination in Urban Malawian Children 3 
Years after Vaccine Introduction: Ecological 
and Case-Control Analyses. Clinical 
Infectious Diseases, 2016. 62(Suppl 2): 
p. S213-S219.

39. Bennett, A., et al., Direct and possible 
indirect effects of vaccination on rotavirus 
hospitalisations among children in Malawi 
four years after programmatic introduction. 
Vaccine, 2018.

40. Armah, G., et al., Impact and Effectiveness 
of Monovalent Rotavirus Vaccine Against 
Severe Rotavirus Diarrhea in Ghana. Clinical 
Infectious Diseases, 2016. 62(suppl 2): 
p. S200–S207.

41. Sahakyan, G., et al., Impact and 
Effectiveness of Monovalent Rotavirus 

Vaccine in Armenian Children. Clinical 
Infectious Diseases, 2016.

42. Msimang, V.M., et al., Impact of 
rotavirus vaccine on childhood diarrheal 
hospitalization after introduction into 
the South African public immunization 
program. Pediatr Infect Dis J, 2013. 32(12): 
p. 1359–1364.

43. de Deus, N., et al., Early impact of rotavirus 
vaccination in children less than five years of 
age in Mozambique. Vaccine, 2017.

44. Bonkoungou, I.J.O., et al., Impact and 
effectiveness of pentavalent rotavirus 
vaccine in children. Vaccine, 2017.

45. Wandera, E.A., et al., Impact of rotavirus 
vaccination on rotavirus and all-cause 
gastroenteritis in peri-urban Kenyan 
children. Vaccine, 2017. 35(38): 
p. 5217–5223.

46. Cortese, M.M., et al., Effectiveness of 
monovalent and pentavalent rotavirus 
vaccine. Pediatrics, 2013. 132(1): p. e25–33.

47. Weldegebriel, G., et al., Impact of rotavirus 
vaccine on rotavirus diarrhoea in countries 
of East and Southern Africa. 2017.

48. Groome, M.J., et al., Temporal Association 
of Rotavirus Vaccine Introduction and 
Reduction in All-Cause Childhood Diarrheal 
Hospitalizations in South Africa. Clinical 
Infectious Diseases, 2016. 62(suppl 2): 
p. S188–S195.

49. Lopez, A.L., et al., Impact of rotavirus 
vaccine on diarrheal hospitalization and 
outpatient consultations in the Philippines: 
First evidence from a middle-income Asian 
country. Vaccine, 2018. 36: p. 3308–3314.

50. Mpabalwani, E.M., et al., Impact of Rotavirus 
Vaccination on Diarrheal Hospitalizations in 
Children Aged <5 Years in Lusaka, Zambia. 
Clinical Infectious Diseases, 2016. 62(suppl 
2): p. S183–S187.

51. Esparza-Aguilar, M., et al., Diarrhoea-related 
hospitalizations in children before and after 
implementation of monovalent rotavirus 
vaccination in Mexico. Bulletin of the World 
Health Organization, 2014. 92(2): p. 117–125.

52. Burnett, E., et al., Global Impact of Rotavirus 
Vaccination on Childhood Hospitalizations 
and Mortality from Diarrhea. Journal 
of Infectious Disease, 2017. 215(11): 
p. 1666–1672.

53. Burnett, E., et al., Estimated impact of 
rotavirus vaccine on hospitalizations and 
deaths from rotavirus diarrhea among 
children <5 in Asia. Expert Rev Vaccines, 
2018. 17(5): p. 453–460.

54. Richardson, V., et al., Effect of Rotavirus Vac-
cination on Death from Childhood Diarrhea 
in Mexico. New England Journal of Medicine, 
2010. 362: p. 299–305.

55. Richardson, V., U. Parashar, and M. Patel, 
Childhood Diarrhea Deaths after Rotavirus 
Vaccination in Mexico. 2011. p. 772–773.

56. Enane, L.A., et al., Impact of Rotavirus 
Vaccination on Hospitalizations and 
Deaths From Childhood Gastroenteritis 
in Botswana. Clinical Infectious Diseases, 
2016. 62(suppl 2): p. S168–S174.

57. De Vos, B., et al., Live attenuated human 
rotavirus vaccine, RIX4414, provides 
clinical protection in infants against 
rotavirus strains with and without shared 
G and P genotypes: integrated analysis of 
randomized controlled trials. Pediatr Infect 
Dis J, 2009. 28(4): p. 261–266.

58. Leshem, E., et al., Distribution of rotavirus 
strains and strain-specific effectiveness of 
the rotavirus vaccine after its introduction: 
A systematic review and meta-analysis. The 
Lancet Infectious Diseases, 2014.

59. Steele, A.D., et al., Human rotavirus vaccine 
Rotarix™ provides protection against diverse 
circulating rotavirus strains in African 
infants: a randomized controlled trial. BMC 
Infectious Diseases, 2012.

60. Payne, D.C., et al., Effectiveness of 
pentavalent and monovalent rotavirus 
vaccines in concurrent use among US 
children <5 years of age, 2009–2011. 
Clinical Infectious Diseases, 2013. 57(1): 
p. 13–20.

61. Bhandari, N., et al., Efficacy of a monovalent 
human-bovine (116E) rotavirus vaccine in 
Indian infants: a randomised, double-blind, 
placebo-controlled trial. Lancet, 2014. 
383(993):p. 2136–2143

62. Patel, M.M., et al., Fulfilling the promise of 
rotavirus vaccines: how far have we come 
since licensure? Lancet Infect Dis, 2012. 
12(7): p. 561–570.

63. Lopman, B.A., et al., Infant rotavirus 
vaccination may provide indirect protection 
to older children and adults in the United 

REFERENCESRotavirus vaccination can also protect 
people not vaccinated

Once rotavirus vaccines were introduced in sev-
eral high-income countries and middle-income 
countries in Latin America, a number of countries 
noticed that rotavirus hospitalizations declined in 
children who were too old to have been vaccinated. 
This effect, called herd protection, is the result 
of there being fewer infected infants (as a result 
of vaccination) who can pass on the infection to 
those who haven’t been vaccinated, thus reducing 
the exposure of unvaccinated individuals to the 
disease. Reductions in rotavirus hospitalizations 
in older children in the years following rotavirus 
vaccine introduction ranged from 20–92% in the 
U.S., Australia, Austria, Brazil, and El Salvador.(62) 

In an analysis from the U.S. of the estimated 
66,000 rotavirus hospitalizations that were pre-
vented the year following full introduction of rota-
virus vaccines for infants, 15% (about 10,200 cases) 
were in people 5–24 years of age.(63) This suggests 
a larger burden of rotavirus in older children and 
adults than had been previously recognized.

There was speculation that herd immunity 
would be less or non-existent in countries, such as 
those in Africa, with a greater force of infection.(39) 
However, new studies from different regions did 
find evidence of herd effects in several countries, 
including some in Africa.

Other studies have found no evidence of herd pro-
tection in older, unvaccinated children.(44,48,50,64) 
The reasons for different findings on herd immu-
nity are unclear and require additional research. 
Vaccination coverage may be a possible factor, as 
the African countries that found herd protection 
tended to have higher coverage rates (such as over 
90%) than those that did not. However, middle-in-
come countries with relatively low vaccination cov-
erage rates, such as Moldova (with 55% coverage 
for the first dose) still saw substantial herd effects.

A POTENTIAL ADDED BENEFIT 
ROTAVIRUS VACCINES: A REDUCTION  
IN CHILDHOOD SEIZURES
Recent studies have found reductions in seizures 
following rotavirus vaccination. These findings, 
while unexpected, make sense in view of the in-
creasing evidence that the virus can leave the in-
testine and enter into the bloodstream and the 
central nervous system (CNS).(65) If the virus enters 
the CNS, it can trigger seizures. Seizures occur in 
4–8% of patients infected with rotavirus.(65,66) Most 
seizures caused by rotavirus gastroenteritis do not 
cause permanent damage, but a portion—18% in 
one study in the U.S.—required a stay in the inten-
sive care unit.(67)

Two studies in the U.S found that rotavirus vacci-
nation reduced the risk of seizures requiring hos-
pitalizations or a visit to the emergency room by 
about 20% in the year following vaccination, com-
pared with unvaccinated children.(68,69) A study in 
Spain also found substantial reductions in child-
hood seizures following childhood rotavirus vac-
cination.(70) However, a separate study in Spain 
found no statistically significant link between ro-
tavirus vaccination and seizures,(71) highlighting 
the need for further research into this area. 
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While efficacy rates of rotavirus vaccines have been 
found to be lower in low-income countries in Afri-
ca and Asia than in higher-income countries, the 
impact of the vaccines—in the number of hospital-
izations prevented and lives saved—is greatest in 
lower-income countries due to their higher rates of 
severe rotavirus diarrhea. (See page 4)

Rotavirus vaccination has substantially reduced 
the number of hospitalizations due to rotavirus 
diarrhea and diarrhea in general in young children 
in all regions of the world and in countries at dif-
ferent income levels. (See page 4)

Several low- and middle-income countries have 
also seen a sharp reduction in diarrheal-related 
deaths in infants and young children following 
vaccine introduction. (See page 8)

Many countries have found added benefits of ro-
tavirus vaccination, including a decline in severe 
rotavirus diarrhea in older, unvaccinated children 
due to herd effects. (See page 10)
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