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a  b  s  t  r  a  c  t

Background:  Globally,  rotavirus  gastroenteritis  is  the  most  common  identifiable  cause  of  severe  diarrhea
in children  under  5.  Recently  introduced  rotavirus  vaccines  from  Merck  &  Co.  and  GlaxoSmithKline  have
the potential  to  save  hundreds  of  thousands  of  lives.  Efficacy  results  in Ghana  suggest  Merck  & Co.’s  live
oral  pentavalent  rotavirus  vaccine  (RotaTeq®)  prevents  65.0%  of severe  gastroenteritis  due  to  rotavirus
infection  in  children  under  5. The  announcement  by  Merck  and  GSK  to  make  their  rotavirus  vaccines
available  for  developing  nations  at  reduced  prices  provides  Ghana  with  the opportunity  to  introduce
rotavirus  vaccines  into  the  national  immunization  program  after  investigation  of  the medical,  economic
and  political  implications.
Methods: We  estimated  the  average  costs  of  treating  children  with  diarrhea  in  the  Ashanti  region  of
Ghana  as  inpatients  and  outpatients.  Using  these  results,  data  from  rotavirus  surveillance  studies,  and
recent rotavirus  vaccine  efficacy  evaluation,  we  estimated  the  cost-effectiveness  of  introducing  RotaTeq
in Ghana.
Results:  Based  on our  prospective  calculations,  we  estimated  an  average  inpatient  and  outpatient  costs  of
$233.97  and  $17.09,  respectively,  for  treating  childhood  diarrhea.  Using  the 2003  birth  cohort,  RotaTeq
introduction  could  save  1554  lives  and  avert  93,109  disability-adjusted  life-years  (DALYs)  annually.  At  a
market  price  of  $5  per  dose,  introducing  RotaTeq  would  have  a base-case  cost  of  $62.26  per  DALY  averted,
at  a market  price  of  $3.50  per  dose,  a base-case  cost  of  $39.59  per  DALY  averted  and  at  market  cost  of $1

per dose,  a  base-case  cost  of  $1.81  per  DALY  averted.  All  three  values  are  below  the  2009  Ghana  per  capita
GDP. Thus,  RotaTeq  introduction  into  Ghana  will  be  very  cost-effective.  Sensitivity  analyses  suggest  these
results are  robust.
Conclusions:  RotaTeq  vaccination  for children  under  five  in  Ghana  would  be  a highly  cost-effective  public
health  intervention.  Ghanaian  health  officials  should  seek  GAVI  funding  and  evaluate  how  to  maximize
RotaTeq  access.
. Introduction

Diarrheal diseases claim the lives of 1.8 million children each
ear world-wide [1].  Surveillance studies suggest that globally,
otavirus gastroenteritis is the most identifiable cause of diarrheal
isease in children less than 5 years of age, accounting annually
or more than 500,000 deaths and 55% of hospitalizations [2–5].
otavirus infection is transmitted by fecal–oral route and manifests
s severe diarrhea in young children who lack previous exposure.

early all deaths due to rotavirus infection occur in the developing
orld, yet, children are infected at similar rates globally [1,6,7].  This

ndicates that rotavirus infection will continue to be transmitted
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regardless of sanitary improvements [8].  Thus, attention has now
turned to vaccines, which have the greatest potential for reducing
the burden of disease by preventing infection [6].

Two  live oral rotavirus vaccines, an attenuated single human
serotype [Rotarix (GlaxoSmithKline)] [9] and a pentavalent human-
bovine reassortant [RotaTeq (Merck & Co.)] [10], have been
developed and are being used in the United States, Europe, and
Latin America. Data from the US indicates that rotavirus infection
in children has been reduced by 86% within 3 years of vac-
cine introduction [11,12]. Therefore, rotavirus infection is now
considered a vaccine preventable illness. The World Health Orga-
nization’s (WHO) Strategic Advisory Group of Experts (SAGE) has

recommended that rotavirus vaccines be included in all national
immunization programs, following the release of regional efficacy
and cost-effectiveness data [13]. Lack of regional specific efficacy
data has, however, delayed vaccine introduction into Africa and

dx.doi.org/10.1016/j.vaccine.2012.01.076
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
mailto:amahmoud@princeton.edu
dx.doi.org/10.1016/j.vaccine.2012.01.076


ine 30

A
r

o
c
p
g
a
c
c
i
G

(
b
c
h
i
i
h
a
t
d
[

o
i
c
U
i

2

2

b
u
c
s
s
a
o
i
s
d
w
d
v
v
R
a
2
l
a

2

r
D
c
2
c
w

C. Abbott et al. / Vacc

sia. Fortunately, efficacy results for Rotarix and RotaTeq have
ecently begun to emerge in these regions [14,15].

In the Republic of Ghana, diarrheal diseases account for 12.2%
f childhood mortality and the hospitalization of thousands of
hildren annually [16]. Nearly half of the diarrheal disease hos-
italizations of children under 5 in Ghana are caused by rotavirus
astroenteritis [17–20].  Recent studies in Ghana demonstrated that

 rotavirus vaccine (RotaTeq) was 65.0% effective against severe
ases of rotavirus gastroenteritis and 56.4% effective against all
ases of rotavirus gastroenteritis [14]. These results, coupled with
ncidence data, suggest that introducing the RotaTeq vaccine into
hana will prevent thousands of infections and deaths annually.

In 2005 Ghana introduced a National Health Insurance Scheme
NHIS), which requires that providers cover 95% of care for mem-
ers including children [21]. This expanded access to healthcare for
hildren, along with high existing coverage rates for other child-
ood vaccines such as DPT, will likely enable a successful vaccine

ntroduction [22]. Ghana, however may  be unable to fund RotaTeq
ntroduction at current developed-country market values. Merck
as recently announced that it will initially offer RotaTeq to UNICEF,

 procurement partner of the GAVI Alliance, for $5 per dose and
hen for $3.50 per dose once purchase volume exceeds 30 million
oses [22] which may  make Ghana suitable for funding assistance
23,24].

Our study estimated the costs of treating children below 5 years
f age presenting with diarrhea at an inpatient and outpatient facil-
ty in the Ashanti region of Ghana. We  then estimated the expected
osts and DALYs averted by introducing the vaccine into Ghana.
sing these results, we calculated whether introducing RotaTeq

nto Ghana will be cost-saving and/or cost-effective.

. Methods

.1. Study overview

Our analysis was adapted from models developed and utilized
y Rheingans et al. [25,26]. We  used the same methods for eval-
ating health burden, direct costs, cost-effectiveness, and vaccine
overage. To evaluate the cost-effectiveness of rotavirus vaccines,
pecifically RotaTeq, introduction in Ghana, we used rotavirus
urveillance data, our prospective calculation of healthcare costs
ssociated with treating children under 5 with diarrhea, the efficacy
f RotaTeq in clinical trials in Ghana [14], and the cost of vaccine
ntroductions. Our assessment focused on one nation rather than
ix global regions, thus differing from Rheingans et al. [25,26], nor
id we adjust coverage based on risk. Furthermore, our evaluation
as done from the perspective of the health care provider, so we
id not include societal costs. In our sensitivity analyses base-case
alues of incidence and cost data were subjected to ±25% and ±50%
ariance. Changes in health outcome following the introduction of
otaTeq were measured in Disability Adjusted Life Years (DALYs)
verted [27], and were based on expected events and costs for a
003 birth cohort until 5 years of age. Monetary values were col-

ected in 2009 Ghana cedis, and were expressed in 2009 $US using
n exchange rate of 1.44 Ghana cedi to 1.00 $US.

.2. Health burden of rotavirus

The burden of disease was estimated as the expected number of
otavirus-associated hospitalizations, outpatient visits, deaths and
ALYs during the first 5 years of life for the 2003 Ghanaian birth

ohort using data from northern Ghana and surveillance data from
003 to 2008 [18–20,28].  The number of children in the 2003 birth
ohort that were treated for rotavirus infection in outpatient clinics
as estimated to be 12.1 times the number that were hospitalized
 (2012) 2582– 2587 2583

due to rotavirus [8].  For mortality data, we used the WHO  published
2004 Ghanaian childhood rotavirus mortality data [29].

DALYs were calculated to quantify the years of life lost due to
premature mortality (YLL) and years lived with a disability (YLD)
[27]. Most severe diarrhea occurs in children 1.5 years of age, so the
YLL due to rotavirus is equivalent to the average life expectancy of a
1 year old multiplied by the number of deaths [30]. YLD is calculated
by multiplying the average duration of the condition by the severity
weight measures valuation of loss of healthy life [31]. Parental days
of missed work were not included in our analysis.

2.3. Medical costs of treating rotavirus gastroenteritis

The prospective study was conducted in accordance with the
human studies principles of the Noguchi Memorial Institute for
Medical Research at the University of Ghana, and the Agogo Presby-
terian Hospital in Agogo, Ghana and was  approved by University of
Ghana IRB. We estimated the direct medical costs of treating chil-
dren under 5 years old with diarrhea using subjects who  had ≥3
watery stools in the 24 h prior to visit, and whose guardians gave
informed consent. The number of subjects that presented with mild
to severe dehydration during our study was  52 outpatients and 15
inpatients.

Using this information and the monetary values obtained from
administrators of Agogo hospital, we  calculated the costs of hos-
pitalization, diagnostics, pharmaceuticals, hospital personnel and
capital expenditures on buildings and equipment. The average
length of stay was generated from the results of the prospective
study and published global data [32,33].  We  then calculated the
cost per bed-day using WHO  protocol for estimating the economic
burden of rotavirus diarrhea [33]. The total cost per outpatient
visit was calculated by adjusting the WHO-CHOICE Ghana estimate
proportionally to the inpatient cost per bed-day obtained in the
prospective study [34]. Using treatment costs, cost per bed-day and
cost per visit, we  calculated the total average cost per inpatient and
outpatient visit. A previous study conducted in northern Ghana pre-
dicted lower inpatient and outpatient visit costs, therefore, these
values were used in the sensitivity analyses to account for uncer-
tainty [35]. The economic burden of rotavirus infection in Ghana
was  then estimated by multiplying the cost of treating each event
by the number of times each event occurred.

2.4. Estimating costs and efficacy of RotaTeq introduction

The costs of introducing RotaTeq include the price of the vaccine,
the number of doses, the cost of administration, and the expected
loss from waste. Merck announced that RotaTeq will be available
for $5 per dose or $3.50 per dose to UNICEF [23]. Furthermore, GAVI
Alliance suggests that rotavirus vaccines could eventually be pro-
cured at $1 per dose in developing nations, based on tiered pricing
[24]. Thus we  calculated the incremental cost-effectiveness ratio
(ICER) at $5 per dose, $3.50 per dose and $1 per dose. Since RotaTeq
will be administered simultaneously with DPT, a low incremental
administration cost of $0.35 per dose was  assumed [36].

Our analysis incorporated the predicted RotaTeq coverage level
and the efficacy of RotaTeq against a range of disease severities.
RotaTeq coverage should mimic  the current DPT coverage level in
Ghana (84.6%) because they will be administered together [3,16].
We applied lower bounds of 57% and 63% coverage to assess how
the proposed age-limitations would affect the cost-effectiveness of
RotaTeq introduction [37].

This study used the clinical trial efficacy results of RotaTeq

in Ghana [14] to estimate what proportion of rotavirus-related
events occurred in the 2003 birth cohort could have been averted
if the vaccine had been introduced. We  used the vaccine efficacy
against severe diarrhea (0.65) as measures of efficacy against
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ospitalizations and deaths, but this likely provides a conservative
stimate for deaths [26]. Efficacy rates were not altered to account
or partial series administration because partial administration of
otaTeq was still found to be highly effective at preventing severe
otavirus disease [38].

.5. Cost-effectiveness analyses

The ICER value indicates the monetary investment needed to
vert each DALY. It was calculated by dividing the incremental cost
IC) of RotaTeq introduction by the number of DALYs averted. The
ncremental cost was measured by comparing the annual cost of

anaging rotavirus infections before and after RotaTeq introduc-
ion without including the potential cost of side effects associated
ith vaccination. The number of DALYs averted was estimated by

omparing the number of deaths and infections before and after
otaTeq introduction. Thus the ICER value is measured in $US per
ALY averted. We  compared the ICER values to the 2009 Ghana
er capita GDP to evaluate the cost-effectiveness of RotaTeq intro-
uction into Ghana [24,25]. An intervention with an ICER value

ess than the GDP per capita is considered very cost-effective, an
ntervention with an ICER value between one and three times GDP
er capita is considered cost-effective, and an intervention with
n ICER value more than three time the GDP per capita is not
onsidered cost-effective [39]. We  assumed a willingness-to-pay
hreshold equal to the 2009 Ghana per capita GDP.

.6. Discounting and sensitivity analyses

This assessment used 3% annual discounting over a 5 year
eriod, because present costs carry more weight than future costs
27]. We  also discounted health effects because the value of a unit
f consumption decreases over time. The ideal discount rate for
ealth effects is widely debated, yet this study used a 3% dis-
ount rate per annum [40,41]. To test the sensitivity of these
esults, we applied 0% and 6% annual discount rates to costs and
ffects.

One-way sensitivity analyses were done by varying individual
ase-case input values, to compensate for parametric uncertainties
nd to evaluate how changes in individual parameters affect the
ost-effectiveness of introducing RotaTeq. Input variables included
ortality, hospitalization and outpatient rates; vaccine coverage,

ost and efficacy; treatment and program costs; and discounts
Table 1).

In order to show the potential maximum ICER, we  conducted
 multi-way sensitivity analysis and measured whether the ICER
ould cross our defined potential willingness-to-pay threshold if
ultiple parameters were altered. This was assessed by simultane-

usly using the least economically optimal upper or lower bounds
or each parameter.

. Results

.1. Treatment costs

A total of 67 patients were interviewed. 52 were outpatients,
ncluding 27 boys (52%) and 25 girls (48%), with a mean age of
5.93 months. 15 were inpatients, including 11 boys (73%) and 4
irls (27%), with a mean age of 10.38 months. Patients were diag-
osed based on their symptoms without confirmatory cultures. We
ocumented the treatment and diagnostic tests required for treat-

ng each patient; 87% were treated for diarrhea as well as malaria,

ysentery, sepsis and/or other infections. We  then calculated the
verage cost of treating each inpatient and outpatient including
osts of pharmaceuticals and diagnostic tests. The average inpa-
ient stayed for 4.3 days and received $68.25 worth of treatment and
 (2012) 2582– 2587

diagnostic tests. The average outpatient required fewer treatments
and diagnostics, receiving $6.18 worth of treatment and diagnostic
tests.

The capital and recurrent costs of running the hospital were cal-
culated using data obtained from administrators of Agogo hospital.
The cost per visit allocated to hospital bed-day was $16.11, the staff
cost was  $15.63, and the overhead cost was  $9.69. Thus the average
cost per bed-day at inpatient facilities in Ghana was estimated at
$41.43. After adjusting the WHO-CHOICE proportion of inpatient
and outpatient visit costs [34], the mean cost of treating inpatients
with diarrhea was $233.97 per child and the mean cost of treating
outpatient children was  $17.09 per patient.

3.2. National health and economic burden of rotavirus infection

We estimated that in the 2003 Ghana birth cohort; 7804 hos-
pitalizations, 94,671 outpatient visits, 2826 deaths and 169,446
DALYs were the results of rotavirus infection. In order to administer
three doses of RotaTeq to 84.6% of the 2003 birth cohort 1,342,315
doses of RotaTeq were needed (1,491,461 doses after 10% waste
was  accounted for [42]). With this level of RotaTeq administra-
tion, hospitalization and outpatient visits due to rotavirus infection
are expected to drop to 3513 and 46,055, respectively. As a result,
deaths and DALYs would be reduced by about 55% to 1272 and
76,337, respectively.

We then used the health burden data and patient costs to
estimate the total economic burden of rotavirus-induced disease
before and after vaccine introduction. Table 2 details the interven-
tion cost and net cost before and after the introduction of RotaTeq
using three possible vaccine price scenarios. This framework esti-
mated that $3,248,976 was  spent treating children in the 2003 birth
cohort with rotavirus, and predicted that $1,731,085 equal to 53.3%
of treatment costs would have been averted if RotaTeq had been
introduced.

3.3. Cost-effectiveness

The total costs of introducing RotaTeq at $5, $3.50 or $1 per dose
were $7,527,846, $5,417,235 or $1,899,550, respectively. Using
these values, we  calculated that the corresponding incremental cost
(IC) of introducing RotaTeq using the three possible prices/dose is
$5,796,761, $3,686,150 or $168,465 respectively (Table 2). The vac-
cine would need to cost less than $1.16 per dose to be cost-saving,
so at all prices (with $0.35 program costs), introducing RotaTeq into
Ghana is not cost-saving.

Assuming 65% efficacy against death and 56.4% against all infec-
tion, 1554 deaths (55.0%) would have been averted and 93,109
years of healthy life (54.9%) would have been regained. Thus,
the incremental cost-effectiveness ratio (ICER) is $62.26 per DALY
averted at $5 per dose, $39.59 per DALY averted at $3.50 per dose or
$1.81 per DALY averted at $1 per dose, all of which are well below
the per capita GDP, without including additional societal costs. The
values used to calculate these ICER’s are detailed in Table 2 and
indicate that introducing RotaTeq into Ghana is very cost-effective.

3.4. Sensitivity analysis

Sensitivity analyses were conducted to account for uncertainty
in inputs and to determine how robust the cost-effectiveness analy-
sis results were. The parametric ranges used in one-way sensitivity
analyses are detailed in Table 1. Fig. 1 depicts the range of ICER val-
ues that correspond with upper and lower bounds in the one-way

sensitivity analyses. Fig. 1A represents the ICER values at Merck’s
pledged price of $5 per dose. The parameters that most heavily
influenced the ICER were price per dose, RotaTeq efficacy against
severe disease, and rotavirus death. Similar effects are seen in
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Table  1
Epidemiologic, clinical, and economic variable estimates utilized in the cost effectiveness evaluation of RotaTeq introduction in Ghana.

Parameter Base case Range for uncertainty analysis Source

Epidemiologic
2003 Birth cohort 528,887 – [28]
Life  expectancy of 1–4 year olds, years 63.2 – [28]

Clinical
Coverage rate (based on DTP3 vaccine rate) 0.846 0.57–0.99 [22]
RotaTeq efficacy against severe rotavirus, % 0.65 0.325–0.724 [14]
RotaTeq efficacy against all rotavirus, % 0.564 0.355–0.819 [14]
Proportion of children treated as inpatients with rotavirus 0.014755 0.011066–0.018445 [32–34]
Proportion of children treated as outpatients with rotavirus 0.179 0.172–0.22 [34]
Number of rotavirus deaths in Ghana, 2004 2826 2337–3316 [29]
Discounting health effects 0.03 0.00–0.06 [27,40,41]

Economic, US$
Price per dose 5.00 0.10–10.00 [23,24]
Program cost per dose 0.35 0.18–0.53 [33]
Vaccine wastage rate 0.1 0.05–0.15 [33]
Average total inpatient cost 233.97 65.14–268.10 [33,35]
Average total outpatient cost 17.09 3.86–22.55 [33–35]
Discounting costs 0.03 0.00–0.06 [27]

Note: DTP3, 3-dose diphtheria, tetanus, and pertussis.

Table 2
Costs and cost-effectiveness of RotaTeq introduction in Ghana.

Price per dose, US$

5.00 3.50 1.00

(A) Cost of treatment without vaccination programa 3,248,976 3,248,976 3,248,976
(B)  Cost of vaccination program aloneb 7,527,846 5,417,235 1,899,550
(C)  Total cost of vaccination program and remaining treatmentc 9,045,737 6,935,126 3,417,441
(D)  Additional cost of vaccination program (C–A)d 5,796,761 3,686,150 168,465
(E)  ICER, US$ per DALY avertede 62.26 39.59 1.81

a All costs in 2009 US dollars, 3% annual discounting where appropriate.
b Calculated as product of price per dose and number of doses.

 inpa
of trea
ogram

F
p
a
F
o
t
a

F
o
G
b
w
i
$
(
i
f

c Sum of total expenditure on RotaTeq vaccination and remaining cost of treating
d The total cost of a vaccination program and additional treatment less the costs 

e ICER, incremental cost-effectiveness ratio. Additional cost of the vaccination pr

ig. 1B, which depicts the ICER values at Merck’s projected future
rice of $3.50 per dose; the ICER varied most when RotaTeq efficacy
gainst severe disease and rotavirus death values were changed.

ig. 1C shows the ICER value at GAVI Alliance’s projected price
f $1 per dose, which was most heavily affected by changes in
otal outpatient and inpatient costs and changes in RotaTeq efficacy
gainst severe rotavirus. Despite variation, all one-way sensitivity

ig. 1. One-way sensitivity analysis of ICER values at various prices. In order to account for 

f  the three prices: (A) the original Merck Price ($5/dose) – base ICER $62.26 per DALY, (
AVI  anticipated price ($1/dose) – base ICER $1.81 per DALY. The range of ICER values ob
oxes.  In all analyses, the introduction of RotaTeq is cost effective. Values below $0 repr
ith  lower RotaTeq prices. (1) Price per dose sensitivity analysis was only conducted from

nfection was  varied from 35.5% to 81.9%. (3) The rotavirus death incidence was varied fro
3.86  to $22.55. (5) The average total inpatient cost per episode was varied from $65.14 to
7)  The program cost per dose was varied ±50% from $0.18 to $0.53. (8) Discounting cost
ncidence was  varied from 5853 to 9755. (11) RotaTeq efficacy against all types of rotaviru
rom  57% to 99%. References for each of the above variables are included in Table 1. All ap
tients and outpatients with rotavirus.
tment alone, without a vaccination program.

 (D) divided by 93,109 DALYs averted assuming 3% annual discounting.

analyses yielded ICER values that were below the GDP per capita,
supporting the conclusion that RotaTeq introduction in Ghana is
very cost-effective. In addition, the use of least optimal values for

each parameter in our multi-way sensitivity analysis predicted that
introducing RotaTeq into Ghana would in the worst case scenario,
cost $320.94 per DALY averted, an ICER value that is well below the
annual per capita GDP.

uncertainty in input values, one-way sensitivity analyses were conducted for each
B) the Merck reduced price ($3.50/dose) – base ICER $39.59 per DALY, and (C) the
tained by varying each input variable individually are depicted above by the black
esent cost-saving interventions. Variability in the ICER values is generally smaller

 the $5/dose reference (A) from $0.10 to $10.00. (2) RotaTeq efficacy against severe
m 2337 to 3316. (4) The average total outpatient cost per episode was  varied from

 $268.10. (6) The rotavirus outpatient incidence was varied from 47,336 to 142,007.
s and (9) health effects were varied ±100% from 0% to 6%. (10) Inpatient rotavirus
s infection was varied from 32.5% to 72.4%. (12) Vaccine coverage rates were varied
propriate values are in $USD.
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. Discussion

Over 500,000 children die annually from rotavirus gastroen-
eritis, and the majority of the deaths could be averted with
he introduction of rotavirus vaccines into national immunization
rograms. Recent strides made by the international health com-
unity highlight the need for these vaccines globally. We  have the

esources and knowledge necessary to provide children in develop-
ng nations with life-saving vaccines, and thus policy makers must
ow push for the immediate introduction of rotavirus vaccines. The
AVI Alliance Accelerated Vaccine Introduction Initiative (AVI) has
et as one of its objectives the rapid and large-scale introduction of
neumococcal conjugate and rotavirus vaccines into GAVI-eligible
ountries [43]. A key component of this initiative is to establish
educed prices and an increased supply of vaccines. At a 2011
ledging conference, GAVI obtained US $4.3 billion in pledges from
arious donors, which helped to fill their funding gap. The implica-
ions of this milestone are enormous and may  enable immunizing
f over 250 million children by 2015 [44]. GlaxoSmithKline has
greed to make Rotarix available to GAVI for $2.50 per dose, and
erck has pledged to offer RotaTeq to UNICEF for $5 (and even-

ually $3.50) per dose [23], significantly below the current lowest
arket price. These prices are likely to lead to $150–500 million

n savings through 2020, will generate a dynamic supply base, and
ill enable more children to receive vaccinations globally.

We  present Ghana as a case study for evaluation of the cost-
ffectiveness of RotaTeq introduction into Sub-Saharan Africa. At
5, $3.50 or $1 per dose, the ICERs generated in base-case and
ensitivity analyses were all well below Ghana’s 2009 GDP per
apita of US $695 [45]. Our results support cost-effectiveness trends
een in other developing countries. When ICER and GDP per capita
alues from 8 Latin American countries were compared, there
as nearly an identical ratio between Ghana and the most cost-

ffective rotavirus vaccine introduction in a Latin American country
Honduras) [25,45].  Furthermore, when extreme changes due to
ariation in cost-effectiveness models were mimicked, RotaTeq
ntroduction into Ghana was still a very cost-effective intervention.
everal recent studies compared cost effectiveness models [46] and
emonstrated equivalent results in other countries [47–50]. This
ssessment did not analyze Rotarix introduction because no Rotarix
fficacy data exists in Ghana. The ICER changed insignificantly (<5%)
hen RotaTeq program costs were altered to mimic  the admin-

stration of two doses rather than three, and thus, differences in
fficacy and price per dose will determine cost-effectiveness vari-
nce between the two vaccines.

There are a few limitations to this study. First, a small num-
er of subjects from one location were included in the assessment
f treatment costs. However, our sensitivity analyses used values
50% the base-case as well as the visit costs estimated by Aikins
t al. [35] in northern Ghana, and found that in all instances, the
CER values were still well below the GDP per capita. These find-
ngs suggest that the introduction of RotaTeq into Ghana will be
ery cost-effective regardless of differences in treatment costs, and
hat analyses involving more subjects will yield similar conclusions.
nother limitation of this study concerns the recommended sched-
led RotaTeq age administration cut-offs. Arvay et al. [37] state that
hildren in the Kassena-Nankana District of Ghana often received
PT later than the RotaTeq age-limit cutoffs. If administration of the
rst dose was required by 12 weeks of age, coverage levels are pre-
icted to drop to 63% and if doses 2 and 3 were required by 32 weeks
f age, coverage levels are predicted to drop to 57% [37]. If these
ut-offs were instituted, the reach of RotaTeq would be reduced;

07 (32.6%) fewer lives would be saved and 30,376 (32.6%) fewer
ALYs would be averted. Nevertheless, these rates changed the

CER values minimally, and we expect RotaTeq introduction will be
ery cost-effective regardless of age based administration cut-offs.

[

[
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Furthermore, we  used conservative mortality rates and excluded
indirect medical costs attributed to disease, and thus RotaTeq intro-
duction may  be even more cost-effective than predicted here.
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