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In July 2019, more than 300 scientists, re-
searchers and public health officials gath-
ered in Johannesburg, South Africa, for 
the 12th African Rotavirus Symposium to 
discuss the burden of rotavirus disease in 
Africa and the impact of rotavirus vaccin-
ation in countries where the vaccine has 
been introduced. The meeting was infused 
with optimism at the successful introduc-
tion of rotavirus vaccines in about 100 
countries globally and the benefits that 
have been shown in terms of vaccine ef-
fectiveness and reductions in rotavirus 
hospitalizations in multiple countries, 
including in Africa [1]. Nevertheless, the 
African continent still faces challenges 
within this framework of success—sev-
eral countries with large birth cohorts and 
high disease burden have not yet intro-
duced the vaccine; global supply issues 
forced 4 countries using RotaTeq (Merck) 
to switch to a different product with rela-
tive urgency in late 2018 or early 2019 and 
contributed to delays in new introductions 
over the past 12 months, and several coun-
tries transitioning from Gavi support have 
expressed concerns about continuing full 

immunization programs when they must 
carry all associated costs, including costs 
of the vaccine.

Globally, rotavirus disease is estimated 
to cause the death of 185  390 (95% un-
certainty interval [UI], 145  565–224  346) 
children <5 years of age every year [2]. Sub-
Saharan Africa bears the brunt of these 
deaths and is reported to have a rotavirus 
mortality rate of 66.9/100,000 population 
<5 years old (95% UI, 53.3–82.3) compared 
with a global rate of 20.3/100 000 popula-
tion (16.5–24.6) [3]. Thus, sub-Saharan 
Africa carries >80% of the global rotavirus 
mortality with only 8 countries bearing ap-
proximately 80% of that burden (Nigeria, 
Democratic Republic of the Congo, 
Niger, Chad, Burkina Faso, Core d’Ivoire, 
Ethiopia, and Uganda) [3]. Currently, 35 
countries in sub-Saharan Africa have intro-
duced rotavirus vaccines including 26 with 
support from Gavi, the Vaccine Alliance. 
In addition, several are approved for Gavi 
support and are planning introduction 
over the next 18  months. Unfortunately, 
delays in national introduction occurred 
owing to the global supply issue [4], which 
affected Democratic Republic of the 
Congo and Nigeria, countries with the lar-
gest birth cohorts.

The significance of these delays is dem-
onstrated in the recent modeled estimates 
of the impact of rotavirus vaccine in Africa 
[5]. In 29 countries that had implemented 
the vaccines before December 2014, an es-
timated 21 000 deaths and >130 000 rota-
virus hospitalizations were prevented in 
2016 alone. If all African countries had 

been using the vaccines, an additional 
47  000 deaths and >275  000 hospital-
izations could have been prevented that 
year. Furthermore, an important study 
in Malawi demonstrated the population 
impact of rotavirus vaccine on all-cause 
diarrheal mortality rates, with reductions 
of approximately 31% at the community 
level (95% confidence interval, 1%–52%), 
highlighting the real-world benefits of vac-
cination in countries with high disease 
burden [6]. The delayed introductions 
carry a heavy penalty for African infants, 
and it is imperative that sub-Saharan Africa 
maintains the momentum of new country 
introductions and improves coverage of 
the rotavirus vaccines in countries where 
introduction has already taken place, to 
improve the outcomes in young children 
born on the continent.

Kenya was an early adopter of rotavirus 
vaccine in Africa, introducing the 2-dose, 
monovalent human rotavirus vaccine, 
Rotarix (GSK Biologicals) in July 2014. 
Long-term ongoing population-based 
surveillance in 2 regions of the country 
allowed observational studies of the vac-
cine [7, 8]. These 2 studies, conducted 
by the same research team and in the 
same demographic health surveillance 
areas in Kilifi on the coast and Siaya near 
Lake Victoria, used different methods to 
evaluate the effectiveness and impact of 
the introduction of rotavirus vaccine.

The case-negative case-control study 
design has been used in many studies 
conducted in different economic set-
tings, including sub-Saharan Africa, to 
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measure rotavirus vaccine effectiveness, 
and this approach has been shown to be 
an efficient and cost-effective alternative 
to the traditional case-control design [9]. 
Khagayi et al [7] used this approach and 
in so doing were able to take advantage of 
existing rotavirus surveillance programs 
started well before vaccine introduc-
tion. The vaccination status of rotavirus-
positive case patients, identified through 
a qualitative rotavirus enzyme im-
munoassay, were compared with that of 
rotavirus-negative controls, who were 
enrolled through the same surveillance 
system used to identify the case patients. 

Case-control studies do present some 
challenges, however; for example, it is 
necessary to conduct the study when 
coverage rates are still relatively low. High 
coverage rates can be problematic, as evi-
denced in the study by Khagayi et  al [7], 
in which 100% of the case patients were 
vaccinated in a single site and it was not 
possible to obtain an effectiveness estimate 
from that site. There is also often diffi-
culty in establishing vaccination status for 
all enrolled children in African studies. 
However, because vaccination status is 
usually ascertained without knowledge of 
the case-control status, any inaccuracies in 
collection of vaccination status are unlikely 
to have biased the results. Despite these 
limitations, case-control studies provide 
valuable estimates of real-world effective-
ness of the vaccine after routine introduc-
tion. Estimates for vaccine effectiveness of 
2 doses of Rotarix vaccine against rotavirus 
hospitalization in Kenya were similar to 
those obtained from other sub-Saharan 
countries [10–12] and add to the growing 
body of evidence supporting continued use 
of these vaccines in Africa.

Of note, Khagayi et al [7] did not ob-
serve any significant protection by the 
vaccine among those children who were 
moderately or severely stunted. Similarly, 
studies in Botswana and Malawi showed 
protection among well-nourished chil-
dren, but lower or no protection in under-
nourished children [11, 12]. However, 
none of these studies were adequately 
powered to assess effectiveness in this 

subgroup of malnourished children, and 
thus the confidence intervals around 
these estimates vary widely. It may be 
worth pooling effectiveness data from 
African countries to assess this end point 
with a much larger sample size, which 
may allow better characterization of vac-
cine protection among malnourished 
children. The potential impact of acute 
diarrhea on the nutritional indicators 
themselves also needs to be considered.

Genotype-specific vaccine effect-
iveness was assessed at 2 of the 3 sites. 
Statistically significant protection was 
shown against the most common geno-
type, G1P[8], and lower, insignificant 
protection against G2P[4] strains owing 
to the low numbers of G2P[4] strains 
circulating. Other studies have shown 
that the monovalent Rotarix vaccine and 
the pentavalent RotaTeq vaccine exert 
similar effectiveness against homotypic 
and heterotypic rotavirus strains in high- 
and middle-income settings [13]. 

In general, genotype-specific vac-
cine effectiveness estimates from 
postintroduction observational studies in 
Africa have shown protection against the 
dominant strain in circulation during the 
time of the study, including both G1P[8] 
and G2P[4] strains [10–12, 14]. For in-
stance, in Botswana, significant protec-
tion was observed against the G2P[4] 
strain, which was the predominant strain 
[12]. In many of the country-specific, 
time-limited studies, the analyses are 
limited by small sample sizes and not 
powered to adequately assess strain-
specific effectiveness. A  pooled analysis 
of genotype-specific effectiveness using 
data from the case-control studies con-
ducted in Africa would increase the 
sample size for each genotype and may 
give a better assessment than the indi-
vidual studies [14].

The study by Otieno et al [8], an inter-
rupted time-series analysis, showed 
significant reductions in rotavirus-
specific hospitalizations as well as all-
cause diarrheal hospitalizations within 
the first 3  years of vaccine use. Similar 
studies have been conducted in several 

countries worldwide [15], where the 
incidence of diarrheal hospitaliza-
tions before vaccination is compared 
with that in the postvaccination period. 
Ecological studies have inherent limita-
tions, including a limited ability to attri-
bute causality, and difficult in adequately 
controlling for confounders, for example 
other new interventions or infrastructure 
improvements during the study period. 
Although time series analyses provide 
less robust data, the incidence of rota-
virus and all-cause diarrheal hospital-
izations declined substantially in Kenyan 
children after rotavirus vaccine introduc-
tion, as seen in similar studies conducted 
in Africa [16].

The data presented in these 2 analyses 
support previous studies in Kenya and in 
other African countries, which showed 
that rotavirus vaccine has an almost im-
mediate effect on the disease burden, 
reducing rotavirus-confirmed hospital-
izations and all-cause diarrheal hospital-
izations within 2–3 years of introduction. 
Most of these studies have used either of 
the 2 methods discussed. For example, 
in other countries with early vaccine 
introduction (eg, South Africa, Ghana, 
Malawi, and Rwanda), rotavirus hospi-
talizations were reduced consistently by 
approximately 40%–60% in young chil-
dren <5  years of age. In infants, these 
reductions were even more dramatic, 
ranging from 50% to 70% [10–12, 16]. 
Importantly, reductions in all-cause 
diarrheal hospitalizations were also ob-
served in approximately 20%–50% of the 
population.

Several other observations have been 
recorded in these studies. For instance, 
the impact on rotavirus-associated diar-
rheal hospitalizations and all-cause diar-
rhea hospitalizations has improved year 
by year after introduction, with improving 
vaccine coverage [11, 17, 18]. Not sur-
prisingly, vaccine impact is highest in in-
fants, among whom the highest burden 
of rotavirus disease exists in Africa [19, 
20]. There is an outstanding question con-
cerning the duration of protection into 
the second year of life and beyond. 
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Several studies, including that by Khagayi 
et al [7], have reported subanalyses to assess 
age-specific vaccine effectiveness in infants 
<12 months and toddlers 12–24 months of 
age. Khagayi et al [7] found that there was 
no significant difference in vaccine effect-
iveness among children <12  months and 
those ≥12 months of age, similar to obser-
vations from South Africa, Botswana, and 
Tanzania [7, 10, 12, 21]. However, others 
have indicated a decreased vaccine impact 
in the second year of life, presumably as-
sociated with waning immunity, including 
studies in Rwanda, Malawi, and Burkina 
Faso [18, 22–24]. This question has resulted 
in studies to evaluate the effect of a “booster” 
dose of rotavirus vaccine given with mea-
sles vaccine at age 9  months, which did 
boost immune responses in these infants, 
particularly those with undetectable or very 
low immune levels [24-26]. Modeled data 
indicate that this could have an impact on 
rotavirus-associated deaths in children >12 
months of age if first-year efficacy levels are 
attained [24-26].

This raises the question of indirect or 
herd protection provided by the vaccin-
ation programs. Otieno and colleagues 
[8] describe the total impact of the vac-
cine in 2 regions in Kenya, suggesting 
that herd protection plays a role. Several 
studies globally have indicated indirect 
protection in older children who were 
not age-eligible to receive rotavirus vac-
cine or who were unvaccinated [26]. In 
Malawi, herd protection was observed in 
unvaccinated infants admitted to the hos-
pital with diarrhea [23] and at the popu-
lation level after programmatic roll-out of 
the vaccine [6]. Finally, rotavirus vaccine 
has been demonstrated to offer similar 
protection against severe rotavirus 
disease in both human immunodefi-
ciency virus (HIV)–exposed and HIV-
unexposed infants, and in HIV-infected 
infants, although these numbers remain 
small [10, 11, 23].

These 2 new studies from Kenya [7, 
8], combined with the existing data from 
multiple countries in Africa, highlight 
the dramatic effect that rotavirus immun-
ization is having on diarrhea-associated 

mortality and hospitalizations. The 
evidence is convincing and should 
encourage the rapid introduction of rota-
virus vaccine in countries which have 
not yet introduced the vaccines. Two 
new rotavirus vaccines prequalified by 
the World Health Organization [27] and 
ongoing vaccine subsidy support from 
Gavi, The Vaccine Alliance, provide the 
opportunity for significantly reducing 
rotavirus mortality and morbidity rates 
in sub-Saharan Africa and globally.
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