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Objective: The Joint United Nations Program on HIV/AIDS–supported Spectrum
software package (Glastonbury, Connecticut, USA) is used by most countries worldwide to monitor the HIV epidemic. In Spectrum, HIV incidence trends among adults
(aged 15–49 years) are derived by either fitting to seroprevalence surveillance and
survey data or generating curves consistent with program and vital registration data,
such as historical trends in the number of newly diagnosed infections or people living
with HIV and AIDS related deaths. This article describes development and application
of the fit to program data (FPD) tool in Joint United Nations Program on HIV/AIDS’ 2016
estimates round.
Methods: In the FPD tool, HIV incidence trends are described as a simple or double
logistic function. Function parameters are estimated from historical program data on
newly reported HIV cases, people living with HIV or AIDS-related deaths. Inputs can be
adjusted for proportions undiagnosed or misclassified deaths. Maximum likelihood
estimation or minimum chi-squared distance methods are used to identify the best
fitting curve. Asymptotic properties of the estimators from these fits are used to estimate
uncertainty.
Results: The FPD tool was used to fit incidence for 62 countries in 2016. Maximum
likelihood and minimum chi-squared distance methods gave similar results. A double
logistic curve adequately described observed trends in all but four countries where a
simple logistic curve performed better.
Conclusion: Robust HIV-related program and vital registration data are
routinely available in many middle-income and high-income countries, whereas
HIV seroprevalence surveillance and survey data may be scarce. In these countries,
the FPD tool offers a simpler, improved approach to estimating HIV incidence
Copyright ß 2017 Wolters Kluwer Health, Inc. All rights reserved.
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Introduction
The Joint United Nations Program on HIV/AIDS
(UNAIDS) and country partners produce annual global,
regional and country-specific estimates of HIV burden
for use in national and global planning and monitoring.

These estimates are prepared with oversight from the
UNAIDS Reference Group on Estimates, Modeling and
Projections, which works to advance the development of
statistical and mathematical approaches to modeling the
HIV epidemic [1]. Most countries use Spectrum, a
UNAIDS-supported modeling software tool (Spectrum,
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Glastonbury, Connecticut, USA), to generate these
annual estimates.
The fit to program data (FPD) tool, first introduced in
2014, was developed as an alternative curve fitting tool
to the Estimates and Projection Package (EPP) for
countries with concentrated epidemics and robust
historical vital registration and case-based HIV surveillance systems. Before 2014, most of these countries
would have used EPP to derive national incidence
curves from HIV seroprevalence surveillance and survey
data among key populations at higher risk of HIV
exposure (such as female sex workers, gay men and other
MSM and people who inject drugs) and pregnant
women attending antenatal care clinics alongside
estimates of the size of each population subgroup
[2,3]. EPP-derived estimates have been subject to
criticism where prevalence data among key populations
are not routinely available or not nationally representative, do not reflect, or where accurate estimates of the
size of key populations are not available [4,5]. The
challenge in many places is that the surveillance,
especially among MSM, is comparatively unstable and
changes too frequently to represent trend data. In
countries with very low-level epidemics where few
historical measures of HIV prevalence are available
among key populations, estimation of HIV incidence
using EPP may not have been possible.
The FPD tool overcomes the challenges of scarce HIV
survey data and key population size estimates by offering
countries with robust vital registration and case-based
HIV surveillance systems an alternative approach for
deriving HIV incidence estimates. Previous studies have
shown that many middle-income and high-income
countries have reasonably complete vital registration
systems [6] and that misclassification of AIDS-related
deaths to other causes is low [7,8]. Although published
evaluations of the quality and completeness of HIV casebased surveillance systems are more limited, studies
elsewhere have shown that HIV incidence curves derived
from program data are a good alternative to fits in EPP
when information about the timing of diagnosis, the
proportion of the population undiagnosed and the
potential for misclassification of AIDS-related deaths
over time is known [9,10].
This article describes the implementation of the FPD tool
in the 2016 UNAIDS estimates round, with a focus on
advances in the development of methods and a new
approach for incorporating uncertainty. We also provide a
brief summary of where the tool was applied in 2016, the
frequency of available program data inputs, and its impact
on estimates of HIV incidence, people living with HIV
and AIDS-related deaths. Finally, we provide some
illustrative examples of the fitting process in Barbados and
Chile and describe improvements planned for future
estimation rounds.

Methods
Modeling HIV incidence among adults aged
15–49 years
Double logistic curve
In the FPD tool, the HIV incidence curve is modeled as a
double logistic function of the form
I ðt Þ ¼

expðaðt  t0 ÞÞ
1 þ expðaðt  t0 ÞÞ


expðbðt  t0 ÞÞ
þb ;
 2a
1 þ expðbðt  t0 ÞÞ

(1)

where a defines the rate of increase at the beginning of
the trend, b defines the rate of convergence to the
asymptote, t0 determines the time of the inflexion point, a
modulates the peak incidence, and b indicates the
asymptote (i.e. the incidence value over time); and all
parameter values are greater than zero.
Eq. (1) was first proposed by Stover et al. [9] and describes
a flexible class of functions. However, these functions
assume that the incidence converges to a constant over
time. For some countries, program data inputs do not
support this assumption. Moreover, the parameter
dimension may be too large for it to be estimated with
good precision when program data are scarce.

Simple logistic curve
When there is no evidence of an inflexion point or there
are too few data points, a simple logistic curve may be
warranted. In the 2016 version of the FPD tool, we added
a second option that models incidence as follows:
I ðt Þ ¼

expðc þ aðt  t̃0 ÞÞ
;
1 þ expðc þ aðt  t̃0 ÞÞ

(2)

where t̃0 ¼ 1970, c defines the incidence at time t˜0 and a
defines the rate of increase of the trend. As in the double
logistic curve, all parameter values must be greater
than zero.

Incidence estimation
To estimate trends in HIV incidence, we assume that, for a
given country, the numbers of AIDS deaths
at
 recorded

times t d1 ; . . . ; t dSd were N d ðt d1 Þ; . . . ; N d tdSd , respectively; the numbers of newly detected HIV cases recorded
at times t n1 ; . . . ; t nSn were N n ðt n1 Þ; . . . ; N n ðt nSn Þ,
respectively; and the numbers of people living
with HIV (PLHIV)
at times tl1 ; . . . ; tlSl were
 
N l ðt l1 Þ; . . . ; N l t lSl , respectively, where Sd, Sn and Sl
are the respective numbers of years for which AIDS
deaths, new HIV diagnoses and PLHIV were available.
Let u be the parameter vector for the incidence curve. We
have u ¼ (a,b, t0, a,b) if Eq. (1) is considered, and
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u ¼ (a,c), if Eq. (2) is considered instead. And, for each u
and for each time t, let nd (u;t), nn (u;t) and nl (u;t) be the
numbers of AIDS death, new cases and PLHIV,
respectively, as predicted by Spectrum given the
incidence curve corresponding to u.
Our objective is to find the incidence curve that provides
estimates of new cases, deaths and number living with
HIV that fit the observed numbers best.
Maximum likelihood estimation
In the maximum likelihood estimation approach, the
observed numbers followed independent Poisson distributions such that the likelihood is
Lik /

Su
Y

Y
u¼d;n;l


N t


nu u; tu j u ð u j Þ enu u; tu j :

j¼1

We estimated u by maximizing Lik, which is equivalent to
minimizing
llikðuÞ ¼ 

Su 
X X

   



N u tu j log nu u; tu j nu u; tu j ;

projections and, for each indicator of interest, 95%
confidence bounds are obtained using the bootstrap and
percentile method [13].

Adjustment to reported program data
In practice, the data from case-based notification and vital
registration systems will not account for all relevant cases.
Some proportion of the population living with HIV will
be undiagnosed, data from certain facilities or geographical areas may be missing, and deaths from AIDS-related
causes may have been attributed to some other cause or
not reported
Additional inputs to the tool are therefore used for
adjusting program data inputs, including annual estimates
of percentage undercounted, percentage undiagnosed
and number of years from infection to diagnosis. Indeed,
two sets of values for estimated percentage undercounted
can be used, for scaling new HIV cases and AIDS-related
deaths, whereas estimated percentage undiagnosed is used
to scale PLHIV. Estimated years from infection to
diagnosis are used to shift the new HIV cases data to
earlier years as a representation of new HIV infections
rather than diagnoses.

u¼d;n;l j¼1

that is finding ûMLE ¼ ArgminfllikðuÞg, the set of
arguments u that maximize the log-likelihood.
When this approach is used for parameter estimation, the
double and simple logistic models can be compared using
the Akaike information criterion (AIC) [11].
Minimum chi-squared distance
The minimum chi-squared distance (MKS) approach
allows avoiding the Poisson assumption. This consists of
minimizing the following loss function:
 

2
Su 
X X
N u tu j  nu u; tu j
 
ksðuÞ ¼
N u tu j
u¼d;n;l j¼1

that is finding ûMKS ¼ ArgminfksðuÞg, the set of
arguments u that minimizes the chi-squared distance.

Uncertainty analysis
In 2016, a new approach was adopted on the basis of
asymptotic properties of the estimators. For each curve
fit, under regulatory conditions, the parameter is
assumed to be asymptotically Gaussian and the

 of the estimated parameter, that is
covariance
matrix
ûMLE or ûMKS is obtained from the Hessian matrix of
llik (or ks) [12]. Uncertainty can then be derived by
sampling the parameters using that covariance matrix
and generating new incidence curves (default of 1000).
These incidence curves are then used to make

As the FPD tool employs a fitting procedure to the
program data, the aim of these adjustments is to be a
more accurate representation of the number of people
living with and dying from HIV as well as HIV
infections as opposed to diagnoses. Proportions
undiagnosed are used to directly adjust the reported
number in the same year. In fact, let us assume for
example that t is the average duration in years between
infection and diagnosis. Let us further assume that
Ñn ðt þ tÞ is the number of reported new diagnoses at
time t þ t (Spectrum input). Then the ‘true’ number of
new diagnosis at time t (defined in the ‘Minimum chisquared distance’ section), Nn(t), is calculated as follows:
N n ðt Þ ¼ Ñn ðt þ tÞ=ð1  qðt ÞÞ, where q(t) is the proportion of undercount at time t which is an input that
can be obtained from external studies.
Numbers of people who have died because of AIDSrelated causes is also scaled to account for potential
misclassification or under-reporting of deaths using the
same approach as described for the proportion
undiagnosed.

Results
Application of the fit to program data tool in the
2016 UNAIDS estimation round
In 2016, the FPD tool was used to estimate incidence
curves for 62 countries, an increase from 16 countries in
2015 (Table 1). The tool was used most often in countries
in Western and Central Europe and North America. In
Latin America and the Caribbean, 13 countries opted for
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Table 1. Countries with incidence curves and trends derived from the ‘fit to program data’ tool in Spectrum 2016.
Asia and
Pacific

Eastern Europe and
Central Asia

Australia
Japana,b

Albaniab
Bosnia and
Herzegovinab
Georgia
Montenegrob,c

New Zealandb
Republic
of Koreab
Singaporeb

The Former Yugoslav
Republic of
Macedoniab
The Russian
Federationa,b

Latin America and
the Caribbean

Western Europe and
North America

Middle East and
North Africa

Argentinaa
The Bahamas

Costa Ricaa
Cuba

Austriab
Belgiumb

Greece
Hungaryb

Polandb
Portugalb

Algeriaa
Lebanona

Barbados
Belize

El Salvador
Mexico

Bulgariab,c
Canadaa,b

Icelandb
Irelandb

Romaniab
Serbiab

Omana,b

Brazila

Panama

Croatiab

Israelb

Slovakiab,c

Chilea,c

Venezuelaa

Cyprusa,b

Italy

Sloveniab

Czech Republica,b
Lithuaniab
Estoniab
Finlandb
Francea,b

Latviab
Switzerlandb
Luxembourgb
Maltab,c
Netherlandsb

Germanya,b

Norwayb

Swedenb
Denmarka,b
Turkeyb
United Kingdomb
United States
of Americab

Colombia

a

‘Fit to program data’ tool used in the 2015 round of UNAIDS estimates.
Validated results were not available at the time of publication so results contribute only to UNAIDS regional and global estimates.
c
Incidence curve was modeled following a logistic curve instead of the default double logistic curve.
b

FPD over EPP approaches in 2016, up from five in the
previous round. Georgia was the first country in Eastern
Europe and Central Asia to adopt the tool and publish
estimates from it in 2016, although results from four
other countries contributed to 2016 UNAIDS regional
and global estimates. In the Middle East and North
Africa, Lebanon and Algeria used the tool for a
second year.
Data inputs to inform FPD curve fits were primarily
AIDS-related mortality data coming from vital registration systems and new HIV case reports from case-based
notification systems. Five countries in Latin America and
13 high-income and middle-income countries had
sufficiently robust case-based notification systems linked
to vital registration systems to provide historical numbers
of PLHIV as an input.
In four countries, Bulgaria, Chile, Montenegro and
Slovakia, a simple logistic curve to model incidence was
required. For all countries, the maximum likelihood and
minimum chi-squared distance approaches produced
similar results.

Examples applications of the fit to program data
tool in
Barbados
In Barbados, previous efforts to publish estimates from
Spectrum had failed because of insufficient availability of
HIV serosurveillance data from key populations. Unpublished estimates that were used to contribute to regional
and global totals were based on attempts to fit EPP to
case-based notifications of the people newly diagnosed
with HIV by sex.

In 2016, the country adopted the FPD tool, taking
advantage of historically robust program data of the
number of people currently alive in their HIV case-based
surveillance system and the number of people reported to
have died from AIDS-related causes. Reports of the
number of PLHIV in the National Surveillance database
were available between 1989 and 2013. Approximately
15% of PLHIV were assumed to be undiagnosed over
time. Program data on AIDS-related mortality was
available from 2003 to 2012.
Comparisons of HIV incidence trends and estimates
of the number of PLHIV and the number of AIDSrelated deaths in the 2015 and 2016 models relative to
program data inputs are shown in Fig. 1a–c,
respectively. This indicates that the FPD tool fits the
data, for example the reported number of PLHIV better
than EPP which, in this context, uses a poor data set
and appears to underestimate that indicator from 2005
onward and presents larger confidence widths. Estimates from the FPD tool were validated and accepted
for publication by the Ministry of Health in Barbados
and UNAIDS (personal communication, Dr Anton
Best, 25 May 2016).
Chile
Chile adopted the FPD tool in 2015 because of limited
availability of historical HIV seroprevalence surveillance
and survey data among key populations. The country has
robust historical data on the number of people newly
diagnosed with HIV in the national surveillance system,
the number of positive tests from the central reference
laboratory and the number of people who died from
AIDS-related causes.
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Fig. 1. Estimates and Projection Package 2015 and Spectrum fit to program data tool 2016 HIV incidence estimates among
adults aged 15–49 years (a), model fits and country reported numbers of people leaving with HIV (b) and AIDS-related deaths (c)
for Barbados, from 1970 to 2014.

AIDS-related mortality data have been reportable in
Chile since 1997 and available through 2013. New HIV
cases were reported to the Ministry of Health from 2004
and were available through 2012. In 2015, the FPD tool
was used to estimate HIV incidence using a double
logistic curve. In 2016, however, an improved curve fit
was achieved using a simple logistic approach, as
suggested by a change in AIC of 6. Nevertheless, both
approaches suggest that the incidence remains stable over
time. This suggests that prevention efforts have had
limited success in the country. Estimates of HIV
incidence, validated and published by the Ministry of
Health in Chile and UNAIDS, are shown in Fig. 2 for the
2015 and 2016 rounds.
Impact of moving to the fit to program data tool on
2016 global estimates
Figure 3 shows a comparison of estimates of HIV
incidence, new HIV infections, PLHIVand AIDS-related
mortality for the 46 countries that were using EPP but
newly adopted the FPD tool in 2016. Caution is needed
when interpreting this impact as differences are also

Fig. 2. HIV incidence estimates among adults (15–49 years)
in Chile, from 1990 to 2014, using the simple logistic curve
(red) and double logistic curve (blue) options of the Spectrum fit to program data tool.
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Fig. 3. Estimates of HIV incidence (a), new HIV infections (b), people leaving with HIV (c) and AIDS-related deaths among
adults aged 15–49 years, for the 46 countries previously using Estimates and Projection Package but adopted the Spectrum fit to
program data tool in 2016.

because of other modifications in the 2016 Spectrum
model described elsewhere (in this issue). Overall,
adoption of the FPD tool resulted in lower estimates
of incidence between the early 1980s and mid-1990s and
a higher and modestly rising trend in incidence from early
2000 through 2015 compared with results from the
previous year. Estimates of PLHIV in 2015 were similar in
both rounds, although the increase was steeper in the
early 2000s using the FPD tool. Peaks in AIDS-related
deaths occurred in 1995 for both methods, although the
FPD tool results showed somewhat steeper declines as
compared with the previous fitting approach.

Discussion
In this article, we presented a review of the FPD tool
methods and most recent advances as well as a summary of
its application and potential impact on the 2016 round of
estimates. The tool was used in the most recent round to
estimate HIV incidence trends among adults aged 15–49
years in 62 of the 167 countries that contribute to
UNAIDS regional and global estimates, an increase from
the previous year where it was used by just 16 countries.
The newly added simple logistic functional form for
incidence yielded an improved fit to the program data in
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four countries. Aggregation of result across countries
newly adopting the tool suggested that in more recent
years, HIV incidence was rising modestly rather than
declining and that progress in reducing AIDS-related
mortality may have been greater than assumed during the
2015 UNAIDS estimates round in these countries.
The use of the FPD tool, with its ongoing expansion and
improvements in methods, has offered a number of
benefits. Perhaps the most important for countries is the
transparent fitting process to routinely available surveillance and vital registration data and the acceptability of
modeled results. Previously, many countries, including
the Bahamas, Barbados and Costa Rica, were unable to
generate acceptable estimates using EPP because of
limited or no HIV survey data among key populations.
Elsewhere in Latin America and the Caribbean, historical
estimates of HIV prevalence from surveys among key
populations have been shown to be potentially biased by
various sampling, selection and participation biases, and
there is no accepted gold standard method for estimating
the size of key populations [4,14]. In addition, as observed
in this study, because the FPD tool was tailored to fit
mortality data among other indicators, it should perform
better than EPP in countries with good vital
registration systems.
Another benefit of the tool as implemented in 2016
compared with 2015 is that uncertainty around the
estimates is now directly incorporated, which better
informs the precision around the estimates.
Additional work is planned to improve the FPD tool and
its application by countries in future estimation rounds.
One of the main priorities will be to work with countries
to document the quality and completeness of program
data inputs and to more accurately reflect the uncertainty
in the inputs into the uncertainty bounds around the final
incidence estimates. For example, historical estimates of
the proportion of the undiagnosed population or time
from infection to diagnosis may not be available in many
countries but could be estimated from other models or
taken from other studies in the region. Estimates of
misclassification of AIDS-related mortality and completeness of vital registration systems from other modeling
work could also be used to scale AIDS-related mortality
data [15]. However, using indicators such as number of
PLHIV obtained from modeling studies as input to the
FPD tool may lead to biased estimates resulting from these
studies, which can be hard to detect. In addition, data on
recent diagnoses or deaths may not yet be reported to the
system for more recent years, which may create a greater
uncertainty around the most recent estimates than is
currently captured by the model.
A second area for further exploration is the parameterization of the incidence curve. In the current version of
the tool, the incidence curve is parameterized as either a

double logistic or simple logistic curve. The double
logistic curve appears flexible and provided reasonable fits
for most of the countries. Though these provided
satisfactory fits, neither may be very appropriate to detect
outbreaks. This suggests that a wider class of functions,
including the repertoire of curves offered by EPP, should
be explored for future development of the tool and
possibly the need to provide model selection tools
to users.
A final area for future work is to explore how countries
might produce HIV incidence curves by key populations
or within smaller level geographic areas using this tool.
Although the functionality could be incorporated easily
with the tool, it would require countries to introduce
changes in case notification forms that capture the likely
location and suspected route of transmission of the
infection. As countries begin to realize the benefits of
using case reporting and vital registration system data to
produce more robust estimates of the impact of the HIV
epidemic; however, the level of effort required to achieve
this vision may not seem so extraordinary.
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