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Ways of Doing Implementation Science

• An intervention is identified from a (relatively small) RCT

• Several potential approaches for scaling or implementing the

intervention are identified

• Essential components of the approaches are implemented

• Outcomes of the intervention are measured

• (Estimated budget for measuring outcomes: $6 million)
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Demographic and Health Surveys

• Nationally representative surveys conducted in most Sub-Saharan

African counties

• Since 2003, over 60 surveys that include HIV testing (over 1,000,000

HIV tests) conducted among women and men

• Surveys also contain an enormous amount of additional information

• Information is collected in (largely) the same way across countries

and surveys

1. Geospatial information

2. Personal and demographic information

3. Socioeconomic information

4. (Self-reported) sexual behavior
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Demographic and Health Surveys

5. Anemia

6. Anthropometrics

7. Intimate partner violence

8. Reproductive health

9. Abortions

10. HIV knowledge and attitudes

11. Child health and mortality

12. Maternal health and mortality

13. Tobacco use

14. Nutrition
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DHS - geospatial opportunitiesArticles
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all the data in the study and had fi nal responsibility for 
the decision to submit for publication.

Results
Figure 1 shows the sub-national patterns of under-5 
mortality for the 1980s, 1990s, and 2000s, and the changes 
in mortality between the 1980s and 2000s. We found 
substantial overall decline in under-5 mortality rates 
during this time period, but also noted two under-
recognised sources of variation. First, large heterogeneity 
existed within countries, with mortality rates varying by at 
least a factor of 10 across locations within most countries, 
even in the 2000s. Second, the pace of reductions in 
under-5 mortality was also highly variable within countries 
and across the region as a whole. Although our estimates 
for specifi c grid cells were uncertain in some regions—
especially in sparsely populated areas—the spatial patterns 

in the distribution of mortality within countries and over 
time were robust (appendix pp 23–29). 

We quantifi ed the importance of within-country versus 
between-country sources of variation (table). Between-
country diff erences accounted for only 22·3–26·0% of 
the overall cross-sectional variation in mortality in the 
1980s, 1990s, or 2000s. Similarly, between-country 
diff erences accounted for 24·5% of the variation in 
changes in mortality between the 1980s and 2000s. 
Roughly three-quarters of the variation in under-5 
mortality in our data was attributable to factors that vary 
over space or time within countries. This fi nding did not 
seem to be an artifact of interpolation: the results were 
qualitatively unchanged when the analysis was restricted 
to pixels with lower uncertainty or to pixels in close 
proximity to DHS clusters (appendix p 45).

Figure 2 shows regression discontinuity estimates of 
diff erences in under-5 mortality for each of the 
40 country-pairs during the 2000s. Ten (25%) of 40 borders 
showed diff erences in mortality of at least ten deaths per 
1000 child-years, of which seven diff erences were 
signifi cant signifi cant at p<0·05. Of the remaining 
30 border-pairs, only four were signifi cantly diff erent. 
Repeating this exercise for other decades, and after 

Figure 1: Variation in under-5 mortality
Maps show variation across sample countries in three decades, and the diff erence in cell-level mortality between the 1980s and 2000s. Mortality (and change in mortality) is represented as 5m0 
(deaths per 1000 under-5 life-years).

1980s 1990s

Under-5 mortality Change in under-5 mortality

2000s Change 1980s–2000s

0 50 >100 <–80 0 >80

Overall cell-level 
variance explained 
by country dummies

Border pairs with 
signifi cant cross-border 
changes in under-5 
mortality (%)* 

Mortality levels, 1980s 26·0% 10·0%

Mortality levels, 1990s 22·3% 15·0%

Mortality levels, 2000s 23·2% 7·5%

Changes in mortality, 
1980s–2000s

24·5% 7·5%

Results for additional specifi cations are available in the appendix (p 33). 
*Estimates refl ect the results with our preferred specifi cation, which applies a 
cubic polynomial functional form with three nodes and the Imbens-Kalyanaraman 
procedure for bandwidth selection; to account for the multiple comparisons 
problems that arise from simultaneously testing the signifi cance of 40 border 
pairs, we used the Holm-Bonferroni p value correction method to control the 
familywise error rate. 

 Table: Variation in under-5 mortality explained by between-country 
diff erences

Figure 2: Border discontinuities in under-5 mortality rates for births that 
occurred from 2000–09

Each panel represents a border pair. The vertical line in the centre of each panel 
shows the border, and the x-axis denotes distance from this border (increasing 
to the right and left). Dots show mortality rates in cells up to 100 km on either 

side of the border, red and blue lines show the model predictions used to fi t 
these points, and the gap between the red and blue lines provides the point 

estimate of the diff erence in mortality at the border. Lines represent diff erent 
models (3rd, 4th, 5th degree polynomials, cubic spline with 3,4,5 knots, 

local-linear regression) estimated with diff erent bandwidths (0·5 degree, 
1 degree, Imbens-Kalyanaraman optimal). Average regression discontinuity 

estimates across models for a given border are shown at the top of each panel, 
and vertical green lines at the border show signifi cant diff erences (p<0·05).

Bendavid et al, Lancet GH 2016 9
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DHS - malnutrition (stunting)
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those areas were relatively uncertain (42.2% (28.3–58.0%)). For more 
detail, see Supplementary Figs 13–15.

The predicted space–time models of CGF prevalence closely matched 
the observed national survey data, and we used 5-fold cross-validation 
strategies to assess the fit of our models. The full array of validation metrics 

by indicator and country are provided in the Supplementary Information 
(Supplementary Tables 8–19 and Supplementary Figs 16–36).

Given the continental scope and fine spatial scale of this work, addi-
tional results are provided in the Supplementary Information and 
all outputs of these analyses at the first administrative subdivision  
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Figure 1 | Prevalence of stunting (2000–2015) in children under five 
and progress towards 2025. a–c, Prevalence of moderate and severe 
stunting (MSS) at the 5 ×​ 5-km resolution in 2000 (a), 2010 (b) and 2015 
(c). d, Prevalence of stunting at the first administrative subdivision in 
2015. e, Overlapping population-weighted lowest and highest 10% of 
pixels and AROC in stunting from 2000 to 2015 across the continent. 
f, Overlapping population-weighted quartiles of stunting and relative 95% 
uncertainty in 2015. g, Annualized decrease (AD) in stunting prevalence 
from 2000 to 2015 relative to rates needed during 2015–2025 to meet the 
WHO GNT. 100% indicates the annualized decrease from 2000 to 2015 
equivalent to the pace of progress required during 2015–2025 to meet 
the WHO GNT by 2025 (40% decrease in stunting, relative to 2010). 

Blue pixels exceeded this pace; green to yellow pixels proceeded at a slower 
rate than required; orange pixels were non-decreasing; and purple pixels 
were estimated to have met the target by 2015 (‘Met GNT’). h, Pixel-
level prevalence of stunting was predicted for 2025 on the basis of the 
annualized decrease achieved from 2000 to 2015 and projected from 2015. 
i, Acceleration in the annualized decrease in stunting required to meet the 
WHO GNT by 2025. Purple pixels were either non-decreasing or must 
accelerate their rate of decline by more than 400% over 2000–2015 rates 
during 2015–2025 to achieve the target; white pixels require no increase. 
Maps reflect administrative boundaries, land cover, lakes and population; 
pixels with fewer than ten people per 1 ×​ 1 km and classified as ‘barren or 
sparsely vegetated’ are coloured in grey44–49.

© 2018 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.
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DHS - diarrhea
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Childhood Diarrheal Morbidity and Mortality in Africa

geria with the highest mortality rates in Africa 
— accounted for 6% of all diarrhea­related deaths 
in Africa while encompassing 1% of the popula­
tion at risk (with 9900 deaths [95% credible inter­
val, 7600 to 13,000], 4800 deaths [95% credible 
interval, 3500 to 6500], and 5400 deaths [95% 
credible interval, 4000 to 7300], respectively) 

(Fig. 2). More than 50% of all the diarrhea­related 
deaths among children in Africa were estimated 
to occur in just 7.0% (55 of 782) of the first­level 
administrative subdivisions on the continent (en­
compassing 35% of the population) (Fig. 3).

Although the burden of diarrhea­related deaths 
varied across the continent, diarrhea­related mor­

Figure 1. Diarrhea-Related Mortality Rates among Children Younger than 5 Years of Age in 2000 and 2015.

Panels A and B show the estimated mean rate of death attributable to diarrhea per 1000 children in 2000, and Pan‑
els C and D the rate in 2015. Panels B and D show the rates for 2000 and 2015, respectively, at the 5‑km2 scale at 
which the model was fit. Panels A and C show the rates for 2000 and 2015, respectively, aggregated up to first‑level 
administrative subdivision with the use of population weighting. The color scales for mortality are set to indicate 
the locations in which the mean estimates of the mortality rate met the Global Action Plan for the Prevention and 
Control of Pneumonia and Diarrhea goal of less than 1 death per 1000 children. Areas with fewer than 10 persons 
per 1 km2 or that have been classified as being barren or sparsely vegetated are shown in gray.

C Diarrhea Mortality in 2015, First-Level Administrative
Subdivision with Population Weighting

A Diarrhea Mortality in 2000, First-Level Administrative
Subdivision with Population Weighting

D Diarrhea Mortality in 2015, 5-km2 Scale

B Diarrhea Mortality in 2000, 5-km2 Scale
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With 17 incident cases, a larger than expected number 
of infections occurred in the western province, which 
does not represent a large portion of the overall 
population of Rwanda (figure). Three villages in the 
western province had multiple infections. Two pairs 
of infections also occurred within households, although 
one pair consisted of two brothers and the other pair 
consisted of a mother and her daughter. On the basis 
of the number of participants, number of households, 
and the estimated HIV incidence of 0·27 per 100 person-
years, the probability of observing two or more such 
households is very low (0·0012). Similarly, the estimated 
probability of seeing two or more villages with three or 
more households with incident infections was 0·0001. 
Thus, these multiple cases within villages and 
households, which accounted for nine infections, suggest 
that HIV outbreaks had a role in the spread of HIV in 
Rwanda. The three villages are all located on the northern 
shores of Lake Kivu, a large lake making up much of 
Rwanda’s western border. The people infected in the 
three villages were mostly farmers and there was no 
indication that any of them were migrant workers, such 
as fishermen.

Discussion
New infections of HIV occur in Rwanda with an 
estimated incidence of 0·27 infections per 
100 person-years. For a long time, HIV incidence in 
Rwanda has been estimated with mathematical models, 

and this study provides informative insights into the 
results of these models and the current state of the HIV 
epidemic in Rwanda.

The incidence of HIV in Rwanda is comparatively low 
in a region where wide variations occur across groups 
and demographics.17 This incidence is, however, 
somewhat larger than might be expected in a country 
with a stable prevalence of 3%. Other nearby countries 
have reported high incidences within different 
populations and at different times. This intranational 
geographical heterogeneity is consistent with findings 
from a systematic review showing that incidence ranged 
from 0·8% to 7·5% in Tanzania, 2·3% to 16·4% in 
Kenya, 1·8% to 17·0% in South Africa, and 0·5% to 9·0% 
in Uganda.17 In the past, the incidence of HIV in Rwanda 
could have been underestimated by more than 50% in 
mathematical models; the estimates provided by this 
survey therefore provide more accurate data for future 
planning. According to the UNAIDS Spectrum/EPP 
model,8,9 the estimated incidence of HIV in Rwanda 
for 2014−15 was 0·08% (95% CI 0·05–0·14) and the 
estimated number of new infections among adults and 
children was 7·34 (5·38–9·28).18 These estimates were 
used by the national HIV programme for strategic 
planning activities. However, questions of large 
confidence intervals and uncertainty of the model 
assumptions were the subject of regular discussions 
between the country monitoring and evaluation team 
and the UNAIDS reference group.8 These new results, 
which suggest slightly more than 14 000 new infections 
per year (0·27% incidence in a projected population 
of 5 392 209 aged 15–49 years), will probably be used in 
future to better adjust the model estimates to provide 
more accurate data for decision making. Follow-up 
surveys are needed to establish the accuracy of our 
findings. Given the coverage of ART in Rwanda, and 
relatively low HIV-associated mortality compared with 
other sub-Saharan African countries, this somewhat 
high incidence seems potentially inflated. Although 
young people (aged 15–24 years) did not have discernibly 
higher incidence than any other age groups, they make 
up a large proportion of Rwandan society and 
con sequently account for the largest number of new 
infections. Efforts aimed at single young adults might 
help to curb the current HIV incidence.

The incidence was largely driven by young adults and 
single people, who accounted for more than half of all 
new infections. These infections are probably a result of 
low condom use (51·1%) among 15–24 year olds and 
relatively low comprehensive knowledge (60%) about 
HIV among 14−25 year olds.16 These results are 
particularly concerning given that HIV is a chronic 
disease that requires lifelong treatment. Local outbreaks 
were another potential driver of incidence: nine (26%) 
of the 35 seroconversions occurred in people from 
three villages. We could not identify the origin of the 
infection from individuals in those villages. Specifically, 

Figure: Distribution of new infections across the provinces of Rwanda
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Household survey of HIV incidence in Rwanda: a national 
observational cohort study
Sabin Nsanzimana, Eric Remera, Steve Kanters, Augustin Mulindabigwi, Amitabh B Suthar, Jean Paul Uwizihiwe, Mutagoma Mwumvaneza, 
Edward J Mills, Heiner C Bucher

Summary
Background In Rwanda, HIV prevalence among adults aged 15–49 years has been stable at 3% since 2005. The aim of 
this study was to characterise HIV incidence across Rwanda.

Methods We did a nationally representative, prospective HIV incidence survey for the period of 2013−14, which used 
two-stage sampling. We randomly selected 492 villages in the first sampling stage and 14 households per village in the 
second stage. Participants completed a questionnaire and 14 140 people were tested for HIV. 13 728 participants were 
HIV negative, and were enrolled in the incidence cohort. Participants were retested and surveyed again after 
12 months. Weights were calculated as the inverse of the probability to select the villages and the households.

Findings The study period was from Nov 5, 2013, to Nov 15, 2014. Among 14 222 respondents from 6792 households, 
14 140 were tested for HIV and 13 728 were HIV negative. Of 12 593 people who participated in the endpoint data 
collection activities, 5965 (47·4%) were men and the mean age was 30 years (SD 10·8). 11 237 (89·2%) participants lived 
in rural areas, 4826 (38·3%) were single, and 7140 (56·7%) were married or cohabitating. During the year, 35 participants 
had seroconversion, including 13 men and 22 women, resulting in an overall incidence of 0·27 per 100 person-years 
(95% CI 0·18−0·35). Incidence was 0·21 per 100 person-years (0·10–0·32) in men and 0·32 per 100 person-years 
(0·19–0·45) in women. Our findings suggested multiple breakouts, with multiple seroconversions occurring in three 
villages and two households. Incidence was higher in adults aged 36−45 years (0·37 per 100 person-years, 0·12–0·62; 
adjusted hazard ratio [aHR] 4·49, 95% CI 1·30−14·70) relative to those aged 16–25, higher in western province 
(0·57 per 100 person-years, 0·31–0·87; aHR 5·90, 1·33−25·28) relative to the northern province, and higher in urban 
areas (0·65 per 100 person-years, 0·23–1·07; aHR 3·10, 1·28−6·99) than in rural areas.

Interpretation The incidence of HIV in Rwanda was higher than that previously estimated from models, with 
outbreaks seeming to contribute to the ongoing epidemic. Characterisation of incident infections can help the 
national HIV programmes to plan for preventive interventions tailored to the most at risk populations. 

Funding Global Fund to Fight HIV, Tuberculosis and Malaria, WHO Rwanda, UNAIDS Rwanda, and the Government 
of Rwanda.

Introduction
HIV remains a leading cause of death and disability 
worldwide.1 In 2015, there were 1·1 million HIV-related 
deaths, 2·1 million new HIV infections, and 
36·7 million people living with HIV.2 Most of the 
burden of HIV is in sub-Saharan Africa, where 73% of 
deaths and 65% of new infections occurred in 2015 and 
where 70% of people living with HIV live.2 The global 
response to the epidemic has been impressive. As 
of 2015, 17 million people were receiving antiretroviral 
therapy (ART), which has contributed to an estimated 
43% reduction in AIDS-related deaths since 2003.2 In 
2016, the UN General Assembly agreed to fast-track 
the end of the HIV epidemic by achieving three 
global goals by 2020: to reduce new HIV infections 
to fewer than 500 000 per year globally, to reduce 
AIDS-related deaths to fewer than 500 000 per year, and 
to eliminate HIV-related stigma and discrimination.3 In 
Rwanda, HIV incidence peaked in the mid-1990s 
and seemed to decline after the implementation of 
population pre vention measures, including screening 

of donated blood, health education, and prevention 
services such as provision of condoms. This decline 
was accelerated with the national scale-up of ART.4 At 
the end of 2015, 160 000 people in Rwanda were 
receiving treatment and 86% of those on ART had viral 
suppression (fewer than 40 copies per mL).5

To reduce new HIV infections, countries will need 
to understand incidence nationally, subnationally, and 
within different populations. HIV incidence remains 
the most informative measure for understanding the 
nature of an HIV epidemic, such as where and in whom 
new infections are occurring. WHO recommends 
various methods to measure incidence.6 The gold 
standard is direct measurement of incidence in a cohort 
of uninfected individuals. Although this is the ideal 
method, it is resource intensive and not always feasible. 
The most common alternative option to measure 
incidence is mathematical modelling of data that affects 
incidence (eg, HIV prevalence and risk behaviour). 
Limitations of this approach include the robustness of 
the data used in modelling and the methods used.7 
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DHS - leveraging opportunities

• Additional surveys available for (at least) Kenya, Zambia, DRC,

Lesotho, Benin, Togo, Liberia, Angola, and South Africa

• Information is available to create...

1. HIV testing prevalence

2. HIV prevalence among those untested

3. prevalence of some co-morbidities (undernutrition, anemia)

4. HIV risk factor distribution (circumcision, marital status, IPV)
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Innovating measurement approaches

• To do more with the

finite resources, trial

should use LEVIS...

1. Large

2. Leveraged

3. Embedded

4. Valuable

5. Innovative

6. Inexpensive

7. Sound
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Leveraging population trials

• Design large trials with meaningful outcomes

• Implementation inside existing population samples or registries

• Leverage existing data collection efforts

• Embed data collection of primary outcomes in existing data

structures

• Make any possible parts of the data publicly available

• DHS waves cost on average $1-2 million
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