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LETTER TO THE EDITOR

The use of an adequate  
mathematical model is crucial to 

evaluate vaccine effectiveness

Jorge A Gomez/+, Javier Nieto1, 
Maria Rangel, Eduardo Ortega-Barria

GlaxoSmithKline Biologicals, 
Latin America and the Caribbean, Buenos Aires, Argentina

A recent paper by El Khoury et al. (2011) reported es-
timates of effectiveness of the RotaTeq® vaccine against 
rotavirus-related hospitalisations in Brazil of 93%. Af-
ter carefully examination of the data presented in this 
paper, it appears that there are important limitations on 
this study leading to a potential overestimation of the 
reported vaccine effectiveness. Although the analysis 
applies a model validated by Rose and Singer in 2008, 
the conclusions in the Khoury’s paper are beyond the 
original model capabilities. The model used was devel-
oped to project expected rotavirus vaccine efficacy in 
settings where applying unadjusted efficacy data could 
overestimate the benefits of immunisation. To generate 
a weighted efficacy estimate for Brazil, El Khoury et al. 
(2011) used serotype-specific vaccine efficacy estimates 
against hospitalised rotavirus gastroenteritis (RGE) 
from the Rotavirus Efficacy and Safety Trial (REST) 
(Vesikari et al. 2006) and the distribution of rotavirus 
types observed in four cities of Brazil (Goiânia, Porto 
Alegre, Salvador and São Paulo) from 2005-2006. It is 
difficult to determine whether the strain-specific vac-
cine efficacy against hospitalised RGE observed in the 
REST study would be obtained if that study were per-
formed in Brazil. Indeed, differences in access to health 
care services and differences in health seeking behav-
iour between locations in Brazil may alter the disease 
severity presentation of hospitalised children with rota-
virus diarrhoea and therefore impact the estimated vac-
cine efficacy. Thus, it is a daring assumption to conclude 
that the “true” rotavirus strain distribution in Brazil is 
equivalent to a weighted average of the strain distribu-
tions observed in the four cities studied given the known 
dynamics of rotavirus strain circulation profile in Brazil 
(Leite et al. 2008).

El Khoury et al. (2011) acknowledged that although 
the model utilized was developed to estimate projected 
efficacy, they used the term “projected effectiveness” 
throughout the paper because their objective was to proj-

ect the real-life impact of RotaTeq® vaccine on the reduc-
tion of rotavirus-related hospitalisations. This is an im-
portant shortcoming of the El Khoury el al. (2011) paper 
since the two terms are not equivalent and therefore the 
reported projected effectiveness estimate for Brazil is 
incorrect. It is well known that rotavirus vaccine effec-
tiveness in a given population is not related to the virus 
strain type coverage only. Other factors such as malnu-
trition, transplacental maternal and breast milk antibod-
ies and co-infecting pathogens could interfere with an 
infants’ immune response to the vaccine. Indeed, other 
live oral vaccines against typhoid, cholera, polio as well 
as earlier rotavirus vaccines have historically performed 
less well than expected in developing countries (John 
1976, Patriarca et al. 1991, Su-Arehawaratana et al. 1992, 
Levine 1997, Glass et al. 2006). 

The per protocol analysis and efficacy subset of the 
REST study contained only 8% of the participants from 
Latin American/Caribbean countries and Puerto Rico 
and reported an efficacy against rotavirus hospitalisations 
in these countries of 50.2 [95% confidence interval (CI) 
< 0.0-99.1%], based on a very limited number of cases 
(Vesikari et al. 2007). The model inputs for baseline se-
rotype-specific vaccine efficacy estimates were derived 
from the REST type-specific results, using a combined 
efficacy against RGE-related hospitalisations and emer-
gency department visits due to each serotype (Vesikari 
et al. 2006), but the study makes projections on the vac-
cine effectiveness against RGE-related hospitalisations. 
Therefore the model used by El Khoury et al. (2011) only 
estimate adjusted vaccine efficacy of Rotateq® and not 
real-life effectiveness of Rotateq® for Brazil.

In addition to the aforementioned shortcomings, the 
estimated results from El Khoury et al. (2011) are sig-
nificantly different to the effectiveness observed for the 
same vaccine in a recent Phase IV study conducted in 
Latin America (Patel et al. 2009). The observed real-
life vaccine effectiveness for the complete schedule of 
RotaTeq® against rotavirus disease requiring hospital 
admission or treatment with intravenous hydration in 
Nicaragua was 46% (95% CI, 18-64%) in the Patel et 
al. (2009) study.

In summary, we agree the estimated type-adjusted 
vaccine efficacy of RotaTeq® vaccine (93%) may be clos-
er to the real life value for Brazil, than the original value 
observed in the REST study for Latin American coun-
tries (50.2%; 95% CI: < 0-99.1%) (Vesikari et al. 2007). 
However, it is important to highlight that the model uti-
lized by El Khoury et al. (2011) was not intended to es-
timate real-life vaccine effectiveness, but rather efficacy 
estimates extrapolated from data obtained in a very con-
trolled setting (clinical randomized controlled trial) cov-
ering mainly study sites located outside Latin America. 
When mathematical models are used, it is always valu-
able to clearly understand the goals the model was devel-
oped for. Therefore, from our point of view, the reported 
vaccine effectiveness for Brazil is overestimated based 
on the incorrect use of a validated model, assumptions 
not supported by scientific evidence and a significant 
simplification of rotavirus epidemiology in Brazil.
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REPLY

Comments in regards to  
Jorge A Gomez et al.’s letter

Gomez et al. agree that the rotavirus serotype-adjust-
ed vaccine efficacy of RotaTeq®, as projected in our paper, 
of 93% (El Khoury et al. 2011) may be closer to the real-
life effectiveness against severe disease in Brazil than 
the original efficacy estimate observed in the large-scale 
study [Rotavirus Efficacy and Safety Trial (REST)] for 
countries in Latin America (Vesikari et al. 2006). How-
ever, Gomez et al. raise some concerns about the limita-
tions of our modelling and the use of the term “projected 
effectiveness” as opposed to “extrapolated efficacy”.

Their main concerns regarding the use of the efficacy 
results from REST to project the vaccine effectiveness in 
Brazil have been addressed in the discussion section of 
our paper (El Khoury et al. 2011). We state that chang-
es in rotavirus patterns over time and the populations 
evaluated may have an impact on vaccine effectiveness. 
Because rotavirus serotype prevalence can change from 
region to region and year to year, we used recently avail-
able rotavirus serotype prevalence data from Brazil to 
conduct the projections.

We also highlight that the modelled effectiveness of 
RotaTeq® in Brazil falls between the published estimates of 

effectiveness in Nicaragua within one year after vaccina-
tion (69%) (Patel et al. 2009) and the data from the United 
States (US) showing that RotaTeq® prevented 100% of ro-
tavirus gastroenteritis-related hospitalizations and emer-
gency department visits (Wang et al. 2010). As Gomez et 
al. point out, rotavirus vaccine effectiveness does vary by 
region where estimates positively correlate with improved 
childhood health indicators (Fischer-Walker & Black 
2011). Thus, RotaTeq® is likely to have a vaccine effective-
ness in Brazil at estimates closer to what was observed 
in the US than those observed in Nicaragua, which would 
be our estimate of 93%. In addition, local health care 
utilization patterns  and policies can strongly affect  how 
children are hospitalized and, while the Patel et al. (2009) 
study cited by Gomez et al. showed 49% vaccine effective-
ness for hospitalization and Phase IV therapy, the same 
study showed 77% vaccine effectiveness for very severe 
disease using the Vesikari scale >= 15 (Patel et al. 2009). 
In addition, the Merck-Nicaragua Ministry of Health col-
laborative study showed vaccine effectiveness during two 
years of follow-up against severe disease (Vesikari >= 
11) in children receiving three doses of RotaTeq® of 76% 
(95% confidence interval; 63-84%) (Mast et al. 2011). So, 
if in Brazil, hospitalized admissions for rotavirus tend to 
be more severe than Nicaragua, then the Nicaragua data 
could predict approximately 76-77% vaccine effectiveness 
for hospitalization in Brazil and this narrows further the 
range of estimates around our projected 93%.

Regarding the use of the term “projected effective-
ness”, as opposed to “extrapolated efficacy”, although 
we acknowledge the confusion around the use of this  
terminology in the literature, we decided to use the term 
“projected effectiveness” because we were not only ex-
trapolating the efficacy from REST using the rotavirus 
serotype prevalence in Brazil, but also making assump-
tions about the efficacy of untypeable rotavirus serotypes 
and vaccine coverage rates in a routine setting. In addi-
tion, efficacy projections in other disease areas often re-
fer to extrapolations that go beyond the length of the trial 
for the same population studied in the trial, something 
that was not the focus of our paper. Vaccine effectiveness 
analyses often aim to understand clinical trial results as 
applied to broader populations not specifically included 
in the trial, which was our objective in this paper. There-
fore, we decided that the term “effectiveness” was a bet-
ter reflection of our modelling approach than “extrapo-
lated efficacy”. We acknowledge that some factors in  
real-world settings could potentially impact outcomes, 
but we aimed to address as many as possible, including a 
number of non-trial parameters, such as vaccine coverage 
rates, hospitalization rates for rotavirus in Brazil (Satori 
et al. 2008), rotavirus serotype prevalence in Brazil (Mu-
nford et al. 2009) and assumptions related to the efficacy 
of the vaccine against untypeable serotypes.

In conclusion, as in any other mathematical model, 
the validity of the results depends on the assumptions 
used in the analyses. In the absence of real-world data, 
our modelling predicts a substantial impact of RotaTeq® 
against rotavirus-related hospitalizations in Brazil. 
These data will help policy makers assess the benefits of 
vaccination with the pentavalent rotavirus vaccine.
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