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ABSTRACT
Objectives: Policymakers face many decisions when
considering public financing for health, including the
kind of health interventions to include in a publically
financed package. The consequences of these choices
will influence health outcomes as well as the financial
risk protection provided to different segments of the
population. The purpose of this study is to illustrate
the size and distribution of benefits due to treatment
and prevention of diarrhoea (ie, rotavirus vaccination).
Methods: We use an economic model to examine
the impacts of universal public finance (UPF) of
diarrhoeal treatment alone, as opposed to diarrhoeal
treatment along with rotavirus vaccination in Ethiopia
using extended cost-effectiveness analysis (ECEA).
ECEA allows us to measure the health gains and
financial risk protection provided by these
interventions for each wealth quintile. Our model
compares a baseline situation with diarrhoeal
treatment seeking of 32% (overall) and no rotavirus
vaccination, to a situation where UPF increases
treatment seeking by 20 percentage points for each
quintile and rotavirus vaccination reaches DTP
(diphteria, pertussis, tetanus) 2 levels for each
quintile (overall rate of 52%). We calculate deaths
averted, private expenditures averted and costs
incurred by the government under the baseline
situation and with UPF.
Results: We find that diarrhoeal treatment paired with
rotavirus vaccination is more cost effective than
diarrhoeal treatment alone for the metrics we examine
in this paper (deaths and private expenditures
averted). Per US$1 million invested, diarrhoeal
treatment saves 44 lives and averts US$115 000 in
private expenditures. For the same investment,
diarrhoeal treatment and rotavirus vaccination save 61
lives and avert US$150 000 in private expenditures.
The health benefits of these interventions tend to
benefit the poor, while the financial benefits favour
the better-off.
Conclusions: Policymakers should consider multiple
benefit streams as well as their scale and incidence
when considering public finance of health
interventions.

INTRODUCTION
Universal health coverage (UHC) continues
to receive considerable attention from the
global health community.1–6 Powerful health
advocates publically support UHC, including
WHO Director General Margaret Chan who
stated that “universal health coverage [is] the
single most powerful concept that public
health has to offer.”6 While substantial vari-
ation is a hallmark of the UHC movement,
UHC is generally viewed along three dimen-
sions: who is covered, what services are
covered, and the proportion of the costs that
are covered.1 As countries move closer to
UHC, potential benefits include improved
health outcomes and improved financial
risk protection (FRP). Unfortunately, little
evidence is available to allow policymakers to
examine and compare the potential benefits
of UHC in these disparate realms. Recent
work provides a tool, extended cost-
effectiveness analysis (ECEA), to gain a more
complete understanding of the health and
financial benefits associated with different

Strengths and limitations of this study

▪ This paper extends traditional cost-effectiveness
analysis to examine the health and financial
implications of publically financed health inter-
ventions by wealth quintile.

▪ This paper provides insight into the potential
consequences of a high-profile policy issue—
universal health coverage.

▪ This paper uses extended cost-effectiveness ana-
lysis (ECEA) methods.

▪ This is a static model rather than a dynamic
model; hence, herd immunity was not included.

▪ This analysis does not address the needs of
households which do not seek care from a
health facility or provider.
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health interventions.7 ECEA combines traditional cost-
effectiveness with a quantification of the benefits asso-
ciated with the reduction in risk exposure.7–10 This tool
allows policymakers to make decisions based on the joint
benefits and tradeoffs associated with different health
interventions. The current paper extends previous work
through the examination of two child health interven-
tions (diarrhoeal treatment and rotavirus vaccination) in
Ethiopia.8 This paper compares the benefits of publically
financed diarrhoeal treatment alone, as well as publically
financed diarrhoeal treatment and rotavirus vaccination
in the health and FRP domains. We selected these inter-
ventions as they represent efficacious prevention and
treatment options. While diarrhoea has many causes, it is
believed that rotavirus is the cause of 27% of severe diar-
rhoeal episodes and deaths in the African region.11 The
efficacy of vaccination and treatment varies by setting,
but in contexts such as Ethiopia, vaccination has an effi-
cacy of approximately 50% while treatment efficacy nears
95%.12 13 This analysis also examines these benefits by
wealth quintile, so policymakers and the engaged public
can better understand how each intervention affects dif-
ferent segments of the population—a critical element of
publically financed healthcare.
Ethiopia is a fitting country in which to base this ana-

lysis. Ethiopia has a population of approximately 92
million and is sub-Saharan Africa’s second largest
country.14 It is a low-income country with a per capita
gross domestic product (GDP) of US$357, a growth rate
of 7–8%, and approximately 30% of its population living
under the poverty line.14 Approximately one-third of
health expenditures are financed out-of-pocket (OOP)
in Ethiopia.15 Despite formidable challenges, Ethiopia
has made substantial progress in reducing the under-five
mortality rate from 204 deaths per 1000 live births
in 1990 to 68 in 2012, achieving the Millennium
Development Goal 4 3 years early.16 However, there is
still substantial need for child health interventions. In
2012, approximately 250 000 Ethiopian children died
from preventable causes and treatable diseases before
reaching their fifth birthday. Apart from neonatal
causes, the two major killers of children in Ethiopia are
acute respiratory infections and diarrhoea.17 Even with
substantial improvement in the last two decades, cover-
age of child healthcare services remains very low.
According to Ethiopia’s 2011 Demographic and Health
Survey (DHS), coverage of Pentavalent 3 (the 3rd dose
of diphtheria, pertussis, tetanus, Haemophilus influenzae
type b and hepatitis B vaccine), and care seeking
for diarrhoea were 35% and 32%, respectively.18

Additionally, inequities in child mortality and access to
care, between urban and rural dwellers and across
wealth quintiles, remain large. Infant mortality is 29%
higher in rural areas (76 deaths per 1000 live births)
than in urban areas (59 deaths per 1000 live births).
The urban–rural difference is even more pronounced in
the case of under-five mortalities (83 and 114 deaths per
1000 live births in urban and rural areas, respectively).

Furthermore, wide regional variations were observed in
infant and under-five mortality. Under-five mortality
rates range from a low of 53 per 1000 live births in
Addis Ababa to a high of 169 per 1000 live births in
Benishangul-Gumuz in the western part of the country.
Despite increased risk of diarrhoeal illnesses among chil-
dren from the lowest wealth quintile, children from the
wealthiest quintiles were considerably more likely to
receive care from a health facility or provider.18

The objective of this study is to provide evidence-based
information on the expected health and FRP outcomes
of various diarrhoea-related interventions. This will allow
policymakers to consider both health and financial out-
comes when making resource allocation decisions
regarding these interventions.

METHODS
In this paper, we analyse the implications of universal public
finance (UPF)—the government pays for care irrespective
of who is receiving it—of diarrhoeal treatment as well as the
combination of both rotavirus vaccination and diarrhoeal
treatment. Diarrhoeal treatment (which includes ORS (oral
rehydration salts) and zinc delivered in an outpatient
setting or hospitalisation) and rotavirus vaccination are
complementary investments and share similarities in the
modelling framework. For purposes of clarity, we discuss the
methodology and calculations for diarrhoeal treatment and
rotavirus vaccination as though they were standalone inter-
ventions. However, our analysis considers the cases of (1)
diarrhoeal treatment and (2) rotavirus vaccination and diar-
rhoeal treatment. We analyse the second case by examining
rotavirus vaccination and then reconsidering the effect of
diarrhoeal treatment with reduced diarrhoeal incidence
and deaths. In our results, we report on the effect of diar-
rhoeal treatment, and the joint effect of the two interven-
tions. Note that our core analysis does not directly compare
the impact of rotavirus vaccination (alone) to diarrhoeal
treatment. While this is an interesting comparison, policy-
makers may consider rotavirus vaccination as a realistic alter-
native to diarrhoeal treatment. This economically rational
decision may be medically inappropriate. As such, we
compare treatment alone to prevention and treatment
together. The interested reader will find select results of the
vaccination-only intervention in the discussion.
In this analysis, we examine the health outcomes

(deaths averted) and the financial implications of these
interventions. In terms of the financial implications, we
include private expenditures averted and the increased
costs to the government. This paper takes the under-five
population of Ethiopia as the beneficiary population for
these interventions.

Mortality distribution
Diarrhoea accounts for approximately 10–15% of all
under-five deaths in Ethiopia.11 17 19Across Africa, rota-
virus is responsible for 27% of all deaths owing to diar-
rhoea, a proportion that we apply to Ethiopia.11
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To estimate deaths from diarrhoea and rotavirus by
wealth quintile, we begin with the under-five deaths
caused by diarrhoea in Ethiopia.11 We then distribute
these deaths across the wealth distribution by applying
the methodology outlined in Rheingans et al’s study.20

Rheingans et al calculate the risk of rotavirus mortality
per 1000 births for each quintile by using three proxy
measures. One proxy represents access to care (the post-
neonatal mortality rate), and two represent higher phys-
ical susceptibility as measured by weight for age Z scores.
Each of these proxies were then used to estimate the
quintile share of rotavirus mortality. In the absence of
clear evidence as to which proxy best represents the
quintile share, an average value was calculated from all
three proxies. Rheingans et al report rotavirus deaths
per 1000 births. We then adjust their methodology to
account for the percentage of women currently preg-
nant, and the percentage of under-fives with diarrhoea
in each wealth quintile as reported in the Ethiopian
DHS.18 This establishes a baseline number of deaths
owing to diarrhoea, by wealth quintile, and figure 1 pre-
sents the resulting distribution of mortality from diar-
rhoea across the different wealth quintiles.

Diarrhoeal treatment: deaths averted
To determine the number of deaths averted by UPF in
the diarrhoeal treatment, we assume a 20-percentage
point increase in treatment seeking above the level
reported for each wealth quintile in the 2011 Ethiopian
DHS.18 For example, the overall treatment seeking rate
for diarrhoea is 31.8%, though it ranges from just over
20% in the lowest quintile to just over 50% in the
highest quintile. After UPF, the overall rate is 51.8% with
the 20-percentage point increase in treatment seeking
applied to each quintile. We also assume that diarrhoeal
treatment is 93% effective in preventing deaths from
diarrhoea.12 Deaths averted by wealth quintile are the

product of the baseline number of diarrhoeal deaths,
the increase in treatment coverage, and the effectiveness
of treatment.

Rotavirus vaccine: deaths averted
After determining the baseline number of diarrhoeal
deaths by wealth quintile as described above, we attri-
bute 27% of diarrhoeal deaths to rotavirus.11 This yields
the number of rotavirus-attributable deaths by wealth
quintile. To calculate coverage increases as a result of
UPF of rotavirus vaccination, we begin with a baseline of
no rotavirus vaccination. UPF of the vaccine is assumed
to increase coverage to the level achieved by the second
dose of the diphteria, pertussis, tetanus (DPT) vaccine,
an achievable level of coverage in the local health system
(table 1). While estimates of vaccine efficacy vary in
sub-Saharan Africa and by strain, we use an effectiveness
of 49% for all strains, and assume that it prevents visits
to the health facilities as well as mortality.8 20 21

Specifically, to estimate number of rotavirus deaths
averted, the model follows the under-five Ethiopian
birth cohort, and rotavirus deaths averted are the
product of baseline rotavirus deaths, vaccine coverage
and vaccine effectiveness.8 The approach is static and,
therefore, is not able to capture epidemiological
changes such as herd immunity, which has only been
documented in a few countries.21–23

Diarrhoeal treatment: private expenditure averted
In addition to averting deaths, publically financed diar-
rhoeal treatment can also avert private medical expendi-
tures. Private expenditures averted are based on the
number of diarrhoeal episodes, the probability of
seeking treatment (either inpatient or outpatient),
inpatient and outpatient treatment costs (including
transportation), and the percentage of total health
expenditure paid OOP. In calculating private expendi-
tures averted, we assume that UPF averts the copays
(OOP expenditure) paid by individuals seeking treat-
ment for diarrhoea. In this analysis, OOP expenditures
include formal or informal copays as well as other drug
costs incurred by the household prior to receiving
formal care. Transportation costs are considered separ-
ately. For a small group of individuals (those who are
newly encouraged to seek treatment as a result of the
publically financed intervention), public finance leads
to new (transportation) costs which are not averted
through UPF.

Rotavirus vaccine: private expenditure averted
Private expenditures averted through publically financed
rotavirus vaccination are calculated differently than for
diarrhoeal treatment, because vaccination prevents a
subset of the diarrhoeal cases and their related expendi-
tures. That is, the vaccine averts diarrhoeal expenditures
for cases that did not occur but would have, in the
absence of the vaccine. Private expenditures averted
depends on number of cases of rotavirus (a subset of

Figure 1 Estimated under-five mortality for diarrhoea across

wealth quintiles in Ethiopia.
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total diarrhoeal cases), vaccine coverage, the effective-
ness of the vaccine, the probability of seeking either
inpatient or outpatient care in the absence of the
vaccine, and the cost of inpatient and outpatient care
including transportation costs.

Diarrhoeal treatment: cost to government
The government incurs increased costs by providing
public finance for diarrhoeal treatment. For those who
already seek treatment at baseline, the increased cost is
the copay for treatment (34%) that the government
would assume. The total cost for this population is influ-
enced by the number of episodes, the probability of
seeking treatment, the relative distribution between
inpatient and outpatient treatment, and the costs of
each treatment option. Treatment costs are based on
international estimates rather than an Ethiopia-specific
unit cost analysis. These cost estimates include both the
cost of the visit and medications (ie, ORS, zinc). The

same factors are important in estimating costs for those
newly crowded into diarrhoeal treatment through UPF.
However, for the 20-percentage point increase in treat-
ment seeking, the government’s cost increase includes
the total cost of care rather than only the 34% copay.

Rotavirus vaccine: cost to government
Government costs for UPF of the rotavirus vaccine also
differ from the case of diarrhoeal treatment. Costs for
the rotavirus vaccine are based on the size of the vacci-
nated population, vaccine coverage (assuming DTP2
rates), the costs of the vaccine, and the associated costs
of delivery. Because the rotavirus vaccine also averts
future costs of rotavirus treatment, the averted treatment
costs are subtracted from the cost of delivering the
vaccine.
Table 1 provides a summary of the parameters and

sources used in the analysis described above. Additional
details on the calculations discussed above can be found

Table 1 Parameters used for the economic evaluation of UPF for rotavirus vaccination and diarrhoeal treatment in Ethiopia

Parameter Value Sources

Epidemiology

Under-5 deaths due to diarrhoea in 2011 23 700 Walker et al11

Proportion of under-5 diarrhoeal deaths

attributed to rotavirus

27% Walker et al11

Percentage of mortality, from poorest to richest

(wealth quintile 1–5)

31, 26, 18, 18, 6 Authors’ calculations based on EDHS18

Rheingans et al;20 see online supplemental material

Interventions

Diarrhoeal treatment effectiveness 0.93 Munos et al12

Rotavirus vaccine effectiveness (per 2-dose

course)

0.49 Madhi et al*13

Coverage of diarrhoeal treatment, from poorest

to richest (wealth quintile 1–5), before UPF

Coverage of diarrhoeal treatment, from poorest

to richest (wealth quintile 1–5), after UPF

22%; 25%;

35%; 33%; 53%

42%; 45%;

55%; 53%; 73%

EDHS18

Coverage of vaccine (DTP2 rates), from poorest

to richest (wealth quintile 1–5), before UPF

Coverage of vaccine (DTP2 rates), from poorest

to richest (wealth quintile 1–5), after UPF

0%; 0%; 0%;

0%; 0%

42%; 45%;

47%; 57%; 78%

EDHS18

Costs (2011)

Hospitalisation costs for diarrhoea US$49 Stack et al;24 WHO-CHOICE25

Outpatient clinic visit costs for diarrhoea US$9 Stack et al;24 WHO-CHOICE25

Transportation costs for inpatient visit US$8 Authors’ calculations based on;14 26 see online

supplementary material

Transportation costs for outpatient visit US$4 Authors’ calculations based on;14 26 see online

supplementary material

Probability of hospitalisation for diarrhoea, from

poorest to richest (wealth quintile 1–5)

0.02; 0.02; 0.01;

0.02; 0.01

Authors’ calculations based on EDHS18 and

Lamberti et al;27 see online supplementary material

Probability of outpatient visit for diarrhoea, from

poorest to richest (wealth quintile 1–5)

0.22; 0.25; 0.35;

0.33; 0.53

EDHS18

Vaccine price (per vial, 2 doses needed) GAVI28

Base case US$1.0

No GAVI subsidy US$2.5

With GAVI subsidy US$0.2

Vaccination system cost (per vial, 2 doses

needed)

US$0.5 Griffiths et al 29

Ethiopia’s gross domestic product per capita US$360 World Bank14

*Based on data from Malawi.
DPT, diphtheria, pertussis, tetanus; UPF, universal public finance.
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in online supplementary table S1. All analyses were
carried out using the R statistical software (http://www.
r-project.org). Additionally, the model structure (deci-
sion tree) is available for illustrative purposes in online
supplementary figure S1.

RESULTS
At a summary level, the interventions described above
lead to the following outcomes for the Ethiopian
under-five cohort. On an annual basis, UPF for diar-
rhoeal treatment averts 4400 deaths and US$12 million
of household private expenditures at the cost of approxi-
mately US$100 million to the government. Rotavirus vac-
cination and diarrhoeal treatment together avert 5600
deaths and US$13.5 million in private expenditures at a
net cost of US$93 million to the government (gross gov-
ernment expenditure for rotavirus vaccination and diar-
rhoeal treatment is approximately US$102 million).
Without factoring in the benefits of averting private
health expenditures, diarrhoeal treatment saves lives at a
cost of approximately US$23 000 to the government,
whereas, rotavirus vaccination and diarrhoeal treatment
jointly avert deaths at an approximate cost of US$18 000.
If we view these results per US$1 million spent, diar-

rhoeal treatment averts approximately 44 deaths and US
$115 000 in private expenditures (figures 2 and 3).
Rotavirus vaccination and diarrhoeal treatment avert 61
deaths and US$150 000 in private expenditures per US
$1 million spent (figures 2 and 3). These summary
results provide one outstanding message about these
interventions. Rotavirus vaccination with diarrhoeal
treatment ‘dominates’ diarrhoeal treatment alone,
according to the two measures discussed (lives saved and
private expenditures averted).

The numbers given above provide important informa-
tion on the overall impacts of these interventions.
However, it is also critical to view results through the
equity lens to understand the effects of UPF. Figures 2
and 3 also illustrate how a US$1 million investment in
UPF of these interventions is distributed throughout the
population. In terms of deaths averted (figure 2), the
interventions provide greater benefits to the poor, and
the scale of these benefits favours rotavirus vaccination
along with diarrhoeal treatment over diarrhoeal treat-
ment alone. Per US$1 million spent across the entire
population, about five times as many deaths are averted
in the lowest quintile relative to the wealthiest due to
UPF of diarrhoeal treatment. The corresponding ratio
for UPF of rotavirus vaccination with diarrhoeal treat-
ment is greater than 4. A major reason that both inter-
ventions benefit the poorest is the higher burden of
diarrhoeal disease among these groups. Examining
private expenditures averted demonstrates a different
trend (figure 3). For diarrhoeal treatment alone, and
diarrhoeal treatment along with rotavirus vaccination,
the wealthy tend to experience the greatest gains in
private expenditures averted.

DISCUSSION
This paper helps exhibit the potential benefits of provid-
ing UPF for two child health interventions in Ethiopia:
rotavirus vaccination and diarrhoeal treatment. More
specifically, we examine the benefits of UPF of diar-
rhoeal treatment as well as UPF of both diarrhoeal treat-
ment and rotavirus vaccination. Given the continued
focus on equity and UHC, this paper also demonstrates

Figure 2 Deaths averted, per US$1 000 000 spent, with

universal public finance (UPF) of diarrhoeal treatment at a

20-percentage point coverage increase over the current level

and rotavirus vaccination at current DTP (diphtheria,

pertussis, tetanus) 2 coverage level with diarrhoeal treatment,

in Ethiopia.

Figure 3 Private expenditures averted, per US$1 000 000

spent, with universal public finance (UPF) of diarrhoeal

treatment at a 20-percentage point coverage increase over the

current level and rotavirus vaccination at current DTP

(diphtheria, pertussis, tetanus) 2 coverage level with

diarrhoeal treatment, in Ethiopia.
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how UPF could provide different benefits across the
wealth distribution.
There are three clear messages that result from this

work. First, rotavirus vaccination and diarrhoeal treat-
ment together are a better buy than diarrhoeal treat-
ment alone by the two metrics examined in this analysis.
Per dollar invested, rotavirus vaccination along with diar-
rhoeal treatment averts more deaths and more private
health expenditures than diarrhoeal treatment alone.
Second, the scale of the health benefits is large relative
to the financial benefits associated with UPF of these
interventions. This does not suggest that OOP expendi-
tures are not large and important for the welfare of the
poor. It does, however, indicate that it may be unwise to
give equal weight to the health and financial benefits
provided by UPF when the scale of the benefits differs.
That is, health and financial benefits should be consid-
ered by policymakers, and intervention choice should
recognise the potential tradeoff between health and
financial benefit. Policy choices should then reflect
society’s preferences for improved health relative to
poverty reduction. Third, the health benefits of these
interventions are progressive while the financial benefits
accrue to wealthier populations. If an objective of UHC
or UPF is to improve the equity of the health system, a
disproportionate focus on financial risk protection may
serve to exacerbate rather than alleviate these inequal-
ities if the relative distribution of benefits is similar for
other interventions.
It is interesting to note the equity consequences

related to health and financial risk protection for these
child health interventions, because diarrhoeal episodes
are relatively evenly distributed across wealth quintiles.18

For health conditions where burden or ability to access
care is more concentrated among the wealthy, we would
likely see a more dramatic distribution of financial bene-
fits in favour of the wealthy. While this analysis does not
analyse a case of this type, it does illustrate a potential
unintended consequence of UHC. In striving for univer-
sality (and including interventions such as tertiary care),
policymakers could inadvertently deliver a regressive set
of benefits. While this is not the intention of UHC, it
does highlight the political economy constraints policy-
makers face when considering pathways to UHC.
While the bulk of this analysis compares treatment

alone, as against treatment along with prevention inter-
vention, there is value in briefly considering the impacts
of a vaccination-only policy if only to better understand
the outcomes associated with rotavirus vaccination. Per
US$1 million spent, rotavirus vaccination averts 685
deaths and US$960 000 in private expenditures. Relative
to either treatment alone or treatment paired with rota-
virus vaccination, rotavirus vaccination saves more than
10 times as many lives and averts nearly 10 times as
many private expenditures per dollar spent. The health
impact tends to favour the poor while the financial ben-
efits tend to favour the wealthier. Diarrhoeal treatment
is an important life-saving intervention. However, this

analysis clearly demonstrates the impressive health and
financial outcomes associated with rotavirus vaccination
in Ethiopia.
There are several limitations to this analysis. First, this

is a static model rather than a dynamic model; hence,
herd immunity was not included in the model, though
evidence on herd immunity has only been documented
in a few countries.21–23 On a related note, this model
uses inputs available from the recent past. As newer data
becomes available, it would alter the results presented
here, but we do not believe that this would dramatically
change our results. Second, we have not completed a
comprehensive accounting of household medical pay-
ments. This analysis does include transport costs but
excludes indirect costs associated with time loss and loss
of earnings for caregivers. If we were to include add-
itional costs as associated with the loss of earnings, we
would expect this to increase the financial risk-
protection benefits for both interventions, and make
prevention interventions even more attractive per dollar
invested. Third, this analysis does not address the needs
of households which do not seek care from a health
facility or provider.

CONCLUSION
Using extended cost-effectiveness analysis (ECEA), this
paper seeks to inform the debate around publically
financed healthcare and UHC by examining the health
and financial implications of diarrhoeal treatment as a
stand-alone intervention and paired with rotavirus vac-
cination. We also examine the effects of these interven-
tions by wealth quintile. We find that universal public
finance of rotavirus vaccination with diarrhoeal treat-
ment is more ‘cost-effective’ than diarrhoeal treatment
on the two metrics we examined. These metrics include
deaths averted and private expenditures averted. We
also find that most of the health benefits accrue to the
poorest wealth quintiles, while the financial benefits
favour the wealthy. This result helps illustrate the
tradeoffs, both in terms of health versus financial risk
protection, as well as across wealth quintiles faced by
policymakers when considering reforms towards UHC.
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