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Total: 33.3 million [31.4 million – 35.3 million]
2.6 million new infections in 2009

Western & 
Central Europe

820 000
[720 000 – 910 000]

Middle East & North Africa
460 000

[400 000 – 530 000]

Sub-Saharan Africa
22.5 million

[20.9 million – 24.2 million]

Eastern Europe 
& Central Asia
1.4 million 

[1.3 million – 1.6 million]

South & South-East Asia
4.1 million

[3.7 million – 4.6 million]

Oceania
57 000

[50 000 – 64 000]

North America
1.5 million

[1.2 million – 2.0 million]

Central & 
South America

1.4 million
[1.2 million – 1.6 million]

East Asia
770 000

[560 000 – 1.0 million]

Caribbean
240 000

[220 000 – 270 000]

People living with HIV 2009

source: UNAIDS
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HIV in Europe

•

 
±1 million people living with HIV/AIDS in Europe.

•

 
Infection with HIV does not always produce 
symptoms that lead to diagnosis around the time of 
infection.

•

 
As a result, many people with HIV are not aware of 
their infection.

•

 
Accurate estimates of the number of people with HIV 
for all countries in the region are necessary for a full 
response to the HIV epidemic.
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Estimating number of HIV infections

•

 
Relatively easy for generalised epidemics:


 

HIV prevalence is high (>5%) in the general 
population.

•

 
More difficult for concentrated epidemics:


 

HIV prevalence is high in certain risk populations.


 

Need data on all subpopulations, often difficult to 
reach.
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Estimating number of HIV infections

2 main approaches for estimating the number of HIV 
infections:

• based on prevalence surveys

• based on reported number of HIV diagnoses


 

reconstruction of HIV incidence curve


 

using the relationship between AIDS and CD4
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2 main approaches for estimating the number of HIV 
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Mutually exclusive risk groups

IDU

migrants

MSM

low risk

HIV prevalence
x

size
= number with 

HIV

+

+

+
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Available software

• Workbook


 

Spreadsheet in XL

• Estimation and Projection Package (EPP) & Spectrum


 

Transmission model


 

Calculates trends in incidence & prevalence

• Multi-Parameter Evidence Synthesis


 

Formal statistical triangulation
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Workbook method

•

 
Spreadsheet developed by UNAIDS to estimate HIV 
prevalence.

•

 
Requires lower and upper bounds on estimated group 
sizes and HIV prevalence.

•

 
HIV-infected population estimated by taking the 
product of the midpoints.

•

 
User-friendly and easy to use.
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•

 
Estimation and Projection Package (EPP) & Spectrum 
is a tool for estimating HIV prevalence and making 
short-term projections.

•

 
Fits a transmission model with 5 parameters:

EPP-Spectrum method

r rate of growth of the epidemic

f0 fraction at risk of infection at

start of the epidemic

t0 start year
φ behavioural response to the

epidemic

d average time spent in a risk

group
time

%
 H

IV
+

t0

φ

r
f0

d
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EPP-Spectrum

• 3 prevalence estimates per risk group.

• Level fits: all surveillance sites in a region follow a 
similar pattern of changing prevalence but at different 
levels.

• Effect of antiretroviral treatment on prevalence is 
taken into account.

• Epidemic curves for subpopulations are combined to 
form a national estimate of HIV prevalence.

• Spectrum uses (EPP) incidence curves to generate 
numbers of programmatic concern such as death and 
children with HIV.
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Issues Workbook and EPP-Spectrum

• Often multiple sources of data informing on the size 
or prevalence of the same risk group.

• Data may be contradictory.

• Often no or sparse information for some of the risk 
groups.

• Not clear what to do with case report data, which are 
collected by many countries.

• No full uncertainty analysis for concentrated 
epidemics.
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Multi-Parameter Evidence Synthesis

• Developed by the Health Protection 
Agency in the UK

• Bayesian modelling framework

• Uses all available data in a coherent 
way

• Can use data on diagnosed 
infections

• Multiple data sources can inform on 
the same parameter

• Estimates “true” prevalence and 
diagnosed proportions with 
credibility intervals

• Applied to HIV epidemic in England 
and Wales and, recently, in the 
Netherlands
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MPES

• Total population divided into mutually exclusive risk 
groups g in different regions r with population Nr .

• For each group, 3 basic parameters are estimated:


 

ρr,g relative size of the risk group


 

πr,g prevalence of HIV in the group


 

δr,g proportion diagnosed amongst those infected

• Data informing on a combination of these parameters 
can be used, e.g.:


 

πr,g δr,g HIV prevalence diagnosed


 

Nr πr,g δr,g ρr,g diagnosed infections
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MPES - limitations

• No simple user interface.

• Uses non-standard software that has to be adapted to 
each estimation problem depending on available data.

• Statistical and epidemiological knowledge is needed.

• Lots of data are necessary as there are many 
parameters that have to be estimated.

• Assumptions have to be made on parameters that are 
not constrained by available data.

• Biases and contradictions have to be understood.
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Other issues

• Matching populations sampled in the prevalence 
surveys with the populations for which size is 
estimated.

••• Measuring prevalence.Measuring prevalence.Measuring prevalence.

••• Uncertainty in risk group sizes.Uncertainty in risk group sizes.Uncertainty in risk group sizes.

•••

 
Available data should be from the same time period.Available data should be from the same time period.Available data should be from the same time period.

•••

 
Which risk groups to divide the population into?Which risk groups to divide the population into?Which risk groups to divide the population into?
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Matching - example

• A prevalence survey should be based on a 
representative sample of the risk group of which the 
size is estimated.

low sexual risk behaviour 
MSM

HIV prevalence

high
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Matching - example

• Applying the prevalence found in the survey to all 
MSM will result in overestimation of the HIV 
prevalence.

low sexual risk behaviour 
MSM

HIV prevalence

prevalence
survey

high
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Matching - example

• A solution is splitting MSM in two groups of high and 
low risk, each with a prevalence survey

low highsexual risk behaviour 
MSM

prevalence
survey

prevalence
survey

HIV prevalence
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Other issues

••• Matching populations sampled in the prevalence Matching populations sampled in the prevalence Matching populations sampled in the prevalence 
surveys with the populations for which size is surveys with the populations for which size is surveys with the populations for which size is 
estimated.estimated.estimated.

• Measuring prevalence.

••• Uncertainty in risk group sizes.Uncertainty in risk group sizes.Uncertainty in risk group sizes.

•••

 
Available data should be from the same time period.Available data should be from the same time period.Available data should be from the same time period.

•••

 
Which risk groups to divide the population into?Which risk groups to divide the population into?Which risk groups to divide the population into?
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Prevalence

• STI clinics


 

informed consent versus opt-out


 

visitors are already a selection

• Respondent driven sampling


 

target members recruit for you


 

needs population with a social network

• Time location sampling


 

sampling people at locations where they may be 
found



 

suitable for hard-to-reach populations, e.g. street 
children

• How to determine prevalence in low-risk groups?


 

blood donors


 

screening of pregnant women
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Other issues

••• Matching populations sampled in the prevalence Matching populations sampled in the prevalence Matching populations sampled in the prevalence 
surveys with the populations for which size is surveys with the populations for which size is surveys with the populations for which size is 
estimated.estimated.estimated.

••• Measuring prevalence.Measuring prevalence.Measuring prevalence.
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•••

 
Available data should be from the same time period.Available data should be from the same time period.Available data should be from the same time period.
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Which risk groups to divide the population into?Which risk groups to divide the population into?Which risk groups to divide the population into?
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Risk group sizes

• Capture-recapture methods


 

overlap of 2 or more independent samples in same 
population

• Multiplier method


 

overlap of 2 or more independent datasets 

S1 S2

N

S12

S12 / S2

=
S1 / N
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Risk group sizes

Other methods
• household surveys
• network scale-up method, using data on people’s 

network of acquaintances
• for MSM only, proportion of men aged 45 years and 

over who have never been married

Potential biases
• not always clear what is meant by IDU or MSM
• triangulation: use different methods
• Bayesian methods are currently being developed
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Other issues
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Number of HIV infections

2 main approaches for estimating the number of HIV 
infections:

• based on prevalence surveys

• based on reported number of HIV diagnoses


 

reconstruction of HIV incidence curve


 

using the relationship between AIDS and CD4
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Back-calculation

infectionsdiagnoses
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Original back-calculation

Calendar year

infections

observed AIDS cases

HIV AIDS
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Original back-calculation

HIV -infected population
subtract cumulative number 
of deaths from cumulative 
number of infections

Calendar year

observed AIDS cases

infections
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Curve linking infection and AIDS / death

• Effective treatment changed the duration between 
infection and AIDS in a way that is hard to quantify.

• Use time between infection and diagnosis.
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Curve linking infection and diagnosis

Complications
• curve is unknown
• curve changes over time (more testing in recent 

years)

0                     5                   10                    15                 20   
years from infection

HIV diagnoses

infected 1995

infected 2005
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Hazard of diagnosis

0                    5                    10                    15                 
years from infection

testing driven by 
a recent episode 
of risk behaviour

testing driven by 
symptoms/AIDS

regular testing



34

New infections and diagnosis rate
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New infections and diagnosis rate
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New infections and diagnosis rate

0

500

1000

1500

2000

2500

3000

3500

4000

2003 2004 2005 2006 2007 2008
0

0.1

0.2

0.3

0.4

0.5

0.6

Diagnosis rate

New infections

# people

New 
diagnoses

Diagnosis rate



37

New infections and diagnosis rate

0

500

1000

1500

2000

2500

3000

3500

4000

2003 2004 2005 2006 2007 2008
0

0.1

0.2

0.3

0.4

0.5

0.6

Diagnoserate

New infections

# people

New 
diagnoses

Diagnosis rate

Use CD4 counts or AIDS at 
diagnosis to distinguish 
between these two 
scenarios.
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Several methods exist

Ndawinz JDA, Costagliola D, Supervie 
V. Recent Increase in the Incidence of 
HIV Infection in France. 17th 
Conference on Retroviruses and 
Opportunistic Infections.  San 
Francisco, USA. 16th-19th February 
2010. 
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Data needed for back-projection

Cambridge Atlanta A’dam Bordeaux Ottawa/
Sydney

Paris

HIV diagnoses

AIDS diagnoses

HIV/AIDS 
diagnoses

HIV-related 
symptoms

CD4 counts

recent infections

country of 
infection
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Complications

• Delayed reporting to national surveillance system.

• Underreporting.

• Double counting.

• Incomplete information.

• Implicit assumption that everyone will be diagnosed 
eventually.

• Mortality before HIV diagnosis.

• Linkage between databases.

• Are data representative?
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Number of HIV infections

2 main approaches for estimating the number of HIV 
infections:

• based on prevalence surveys

• based on reported number of HIV diagnoses


 

reconstruction of HIV incidence curve


 

using the relationship between AIDS and CD4
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Relationship CD4 count and AIDS

Suppose that
• 25% of individuals with CD4 <200 develop AIDS 

within 1 year
• AIDS is diagnosed immediately

N=250

diagnosed HIV/AIDS 
with CD4 <200

N=1000

total with CD4 <200
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Two approaches

1 Use this approach for all CD4 strata and sum up.

2 Use CD4 count distribution in asymptomatic patients.

Complications
•

 
Low event rate at high CD4 counts so the uncertainty 
in the estimate will be large.

•

 
Under-diagnosis.

•

 
Underreporting.

Lodwick et al  PE 18.1/5.  European AIDS Clinical Society 
(EACS) meeting, Cologne, October 2009.  
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Summary and conclusions

• Three main approaches to determine the size of the 
HIV-infected population in a country :
– based on prevalence surveys
– based on case report data
– based on relation between CD4 count and AIDS

• All approaches have their limitations.

• For most countries with concentrated epidemics, 
methods based on case reports or the CD4-AIDS 
relation are most likely the best way to estimate the 
size of the HIV epidemic.
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Road map

• Develop method to reconstruct HIV incidence curve 
using:
– HIV diagnoses
– HIV/AIDS diagnoses
– AIDS diagnoses (before 1996)
– CD4 counts at diagnosis

• Apply method to countries with different epidemics:
– Denmark MSM, small scale
– Germany MSM, large scale
– Bulgaria IDU
– Estonia IDU

• In parallel, test methods based on CD4-AIDS relation.
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