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ESTIMATING CIRCUMCISION RATES

I Objective: Produce estimates of MC rates and coverage in South Africa
I District level
I By age
I Over time

I Overall MC prevalence combines not only VMMC but also traditional
circumcision (TMC)
I Survey data on the type of circumcisions performed
I Program data on number of VMMCs
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ESTIMATING CIRCUMCISION RATES

I Five surveys
I SABSSM 2002, 2008, 2012, 2017
I DHS 2016

I Variables extracted
I Demographics: Age and residence
I Circumcision: Status, age at circumcision, where and who circumcised

I Program data
I Number of circumcisions reported

I How do we put these things together to get a coherent answer?



MODELLING CIRCUMCISION COVERAGE

I Region-age-time specific
circumcision rates

I Survival analysis
I Baseline component

I Assumed constant over time
I Represents an underlying rate

of circumcision
I Excess component

I Assumed zero before to 2008
I Represents circumcisions

observed through VMMC
programs

I Models fit using Template Model
Builder (TMB)

λiat =

{
λbase

ia t < 2008
λbase

ia + λVMMC
iat t ≥ 2008



MODELLING CIRCUMCISION COVERAGE

Baseline rate
λbase

ia = α+ ψi + φa + γia

I Region random effect - ψi (ICAR prior)
I Age random effect - φa (RW2 prior)
I Interactions -

I Region-age: γia (ICAR ⊗ RW2 prior)



MODELLING CIRCUMCISION COVERAGE

Excess rate
λVMMC

iat = α+ ψi + φa + θt + γia + δat + ζit

I Region random effect - ψi (ICAR prior)
I Age random effect - φa (RW2 prior)
I Time random effect - θt (RW2 prior)
I Interactions -

I Region-age: γia (ICAR ⊗ RW2 prior)
I Age-time: δat (RW2 ⊗ RW2 prior)
I Region-time: ζit (ICAR ⊗ RW2 prior)
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Figure: Estimated circumcision rates by age between 2005 and 2016 in South Africa. Lines denotes the median and the shaded region
denotes the 95% CI.
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Figure: Estimated circumcision prevalence by age between 2005 and 2016 in South Africa.



PROVINCIAL RESULTS

North West Northern Cape Western Cape

KwaZulu−Natal Limpopo Mpumalanga

Eastern Cape Free State Gauteng
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Figure: Estimated baseline circumcision rate by age (fixed over time) in each province of South Africa.
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Figure: Estimated VMMC circumcision rates by age between 2007 and 2016 in each province of South Africa.
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Figure: Estimated VMMC circumcision rates by age between 2007 and 2016 in each province of South Africa.
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Figure: Estimated VMMC circumcision rates by age between 2007 and 2016 in each province of South Africa.
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Figure: Estimated VMMC circumcision rates by age between 2007 and 2016 in each province of South Africa.
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Figure: Estimated VMMC circumcision rates by age between 2007 and 2016 in each province of South Africa.
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Figure: Estimated VMMC circumcision prevalence between 2005 and 2016 in each province of South Africa.
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Figure: Estimated baseline circumcision rate by age in 2016 in each district of South Africa.



DISTRICT RESULTS

West Rand DM Xhariep DM ZF Mgcawu DM Zululand DM

Ugu DM uMgungundlovu DM Umkhanyakude DM Umzinyathi DM Uthukela DM Vhembe DM Waterberg DM West Coast DM

Overberg DM Pixley ka Seme DMRuth Segomotsi Mompati DMSarah Baartman DM Sedibeng DM Sekhukhune DM T Mofutsanyana DM Tshwane MM

Lejweleputswa DM Mangaung MM Mopani DM N Mandela Bay MM Namakwa DM Ngaka Modiri Molema DM Nkangala DM O Tambo DM

G Sibande DM Garden Route DM Harry Gwala DM iLembe DM J T Gaetsewe DM Joe Gqabi DM Johannesburg MM King Cetshwayo DM

Capricorn DM Central Karoo DM Dr K Kaunda DM Ehlanzeni DM Ekurhuleni MM eThekwini MM Fezile Dabi DM Frances Baard DM

A Nzo DM Amajuba DM Amathole DM Bojanala Platinum DM Buffalo City MM C Hani DM Cape Town MM Cape Winelands DM

0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60

0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60

0.00
0.25
0.50
0.75
1.00

0.00
0.25
0.50
0.75
1.00

0.00
0.25
0.50
0.75
1.00

0.00
0.25
0.50
0.75
1.00

0.00
0.25
0.50
0.75
1.00

0.00
0.25
0.50
0.75
1.00

0.00
0.25
0.50
0.75
1.00

Age at circumcision

C
irc

um
ci

si
on

 p
re

va
le

nc
e

Year

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

Figure: Estimated VMMC circumcision prevalence between 2005 and 2016 in each district of South Africa.



ADDING PROGRAM DATA

I Estimate an expected number of circumcisions performed

Niat = Piat × λVMMC
iat × exp(−Λiat)

I Piat - Male population aged a, in time t and region i
I λVMMC

iat - VMMC circumcision rate for age a, time t and region i
I Λiat - Cumulative hazard (total rate) from (0, t − a) to (a, t) in region i

I Compare to the number of circumcisions performed
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Figure: Estimated number of circumcision between 2012 and 2016 in each province of South Africa, along with the number of circumcisions
reported through circumcision programs.



ADDING PROGRAM DATA

I Expected number of circumcisions performed

Niat = Piat × λVMMC
iat × exp(−Λiat)

I Have the number of circumcisions performed in region i and time t, Cit

I Add into the model through a Poisson likelihood

Cit ∼ Poisson

(∑
a

Niat

)



ADDING PROGRAM DATA
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Figure: Estimated number of circumcision between 2012 and 2016 in each province of South Africa, along with the number of circumcisions
reported through circumcision programs.
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Figure: Estimated number of circumcision between 2012 and 2016 in each province of South Africa, along with the number of circumcisions
reported through circumcision programs.



ADDING PROGRAM DATA
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Figure: Estimated baseline circumcision rates by age in 2016 in each province of South Africa.



ADDING PROGRAM DATA

North West Northern Cape Western Cape

KwaZulu−Natal Limpopo Mpumalanga

Eastern Cape Free State Gauteng

0 20 40 60 0 20 40 60 0 20 40 60

0.0

0.1

0.2

0.3

0.4

0.5

0.0

0.1

0.2

0.3

0.4

0.5

0.0

0.1

0.2

0.3

0.4

0.5

Age

C
irc

um
ci

si
on

 r
at

e

Survey

Survey + Program

Figure: Estimated VMMC circumcision rates by age in 2016 in each province of South Africa.



ADDING PROGRAM DATA
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Figure: Estimated number of circumcision between 2012 and 2016 in each province of South Africa, along with the number of circumcisions
reported through circumcision programs.



SUMMARY AND FUTURE WORK

I Produced a model that estimates circumcision rates in South Africa
I National/province level
I By age
I Over time

I Future work
I District level estimates
I Short-term projections
I Age disaggregates of number of circumcisions performed
I Movement (between districts) for circumcisions
I Medical vs. traditional circumcision



ANY QUESTIONS?


