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Foreword

The Spectrum-STI Module is a computer program developed to generate country estimates of prevalence
levels and time trends for active syphilis, gonorrhea and chlamydia. Spectrum-STl is a statistical trend fitting
model and whilst appropriate for looking at past trends, it should not be used for generating future long term
projections.

Spectrum-STI has been developed by Avenir Health with financial support from WHO.
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Acronyms and Abbreviations

WHO World Health Organization

STI Sexually Transmitted Infection

RPR rapid plasma reagin (syphilis diagnostic assay)
TPHA Treponema pallidum haemagglutination assay
DemProj DemographicProjection, module of Spectrum
AlM AIDS Impact Module, within Spectrum

M Male

F Female

FSW Female sexworkers

MSM Men who have sex with Men

Cl confidence interval(s)

ANC Antenatal Care

Ob/Gyn Obstetrics and Gynecology

GAM Global AIDS Monitoring

IBBS Integrated Bio-Behavioural Survey

EPP Epidemic Projection Package, sub-module of Spectrum AIM
HIV Human Immunodeficiency Virus

PWID People whoinjectdrugs

RP Reported prevalence

uscbcC United States Centers for Disease Control
PEPFAR U.S. President's Emergency Plan for AIDS Relief




1 Introduction

The Spectrum-STI Module is part of the Spectrum system of modelling tools developed by Avenir Health. All of
the Spectrum modules have been designed to produce information useful for policy formulation and dialogue
(see Spectrum Manual for more information, http://www.avenirhealth.org/software-spectrum.php).

Spectrum-STI was designed to look at national trends over time in adults in the prevalence and incidence of
sexually transmitted infections [1-7]. The three STIs currently included in the STI module are Chlamydia
trachomatis (chlamydia), Neisseria gonorrhoeae (gonorrhea) and Treponema pallidum, subspecies pallidum
(syphilis).

Spectrum-STI generates prevalence and incidence estimates for:

Syphilis: ‘probable active’ syphilis infection, defined as primary plus secondary stages of infection. In
prevalence surveys this correspondsto being concurrently rapid plasma reagin (RPR)-positive

and Treponema pallidum haemagglutination assay (TPHA)-positive. This is the same definition used by the
WHO? and the Institute of Health Metrics and Evaluation in their regional and global syphilis estimates.
Gonorrhea and chlamydia: Urogenital infections only. Both infections can also rectal or oropharyngeal
infections, but these are notincluded in the estimates.

The STI module is run in parallel with the Spectrum module DemProj (short for: Demography projection).
DemProj projects the growth over time of national populations. It is also recommended that the Spectrum
AIDS Impact Module (AIM) is run in parallel to the STI module.

DemProj: DemProj is the Spectrum module underlying all Spectrum disease modules. It projects the
population for an entire country by age and sex, based on assumptions about fertility, mortality, and
migration. Urban and rural projections can also be prepared. These estimates and projections are based
on the United Nations Population Division's World Population Prospects, 2019 Revision. Data to generate
estimates for almost all countries in the world are part of the Spectrum data file.

AIDS Impact Model (AIM): AIM is the Spectrum module that projects the impact of the HIV/AIDS
epidemic. It is optional but recommended when running the STI module especially in countries where HIV
is affecting background mortality and age structure. It is also useful if a user wants to compare trends in
HIV and STlIs using the same projection file.

Figure 1.1 providesan overview of Spectrum-STI.

Please note, that the computer program uses the term “projection” to describe a country “estimation’.
Spectrum-STl is a statistical trend fitting model and hence is designed to look at past trends not future. The use
of the term “projection” in the computer program does not mean that the module is appropriate for making
future projections. This is just the terminology used in all of the Spectrum modules.


http://www.avenirhealth.org/software-spectrum.php
http://sti.bmj.com/content/early/2017/03/21/sextrans-2016-052953#ref-1
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2 Estimation Methods

Spectrum-STI Version 5.88 generates national prevalence estimates from estimates for different population
groups. In the default version there are four population groups:

e Low-risk women

e Low-risk men

e Female Sex Workers (FSW)

e Men who have sex with Men (MSM)

In addition, users have the option to introduce other population groups for which they have one or more
prevalence data point and a population size estimate (see Section 5.4).

2.1 Prevalence trend estimates for populations with data: Statistical methods

2.1.1 Syphilis

Spectrum-STI provides two alternative statistical estimation methods to fit the available syphilis data in a
population group over time:

e Logistic regression;

e Segmented polynomials for incidence.

Logistic regression is the default method set for syphilis for all groups when a new Spectrum-STI projection file
is created. This method is much quicker to run than the segmented polynomial regression, but will always give
a monotonous increase or decrease in prevalence throughout the time period estimated. This approach
should be used for initial test runs, data editing and quality checking.

In the segmented polynomial (spline) forincidence approach, prevalence is fitted through the underlying
infection incidence. This allows for flexible time trends, including smooth reversals in prevalence, and year-on-
year fluctuations in prevalence are constrained as incidence cannot drop below zero[2,3]. In Spectrum-STI the
spline is restricted to having at most 2 knots, which means that there can be at most three epidemic phases
over the projection horizon. When there are fewer than 3 data points, the spline produces results similar to
logistic regression: the slope is dropped in the estimation and only a constant intercept is estimated, producing
a time-constant estimate in case of only 1 data point, and a monotonous rise or decline in case of 2 data

points.

For both statistical methods, the data are scaled by dividing by sample size, so that the sample size does not
influence the estimated prevalence level or trend but does influence confidence bounds. The 95% confidence
intervals (Cl) for prevalence are then derived by bootstrapping, and the median of the bootstrapped
prevalence is the final estimate.

In addition, Spectrum-STI extrapolates syphilis trend estimates in a population to a user specified length of
time before the first prevalence data point and after the last data point (see Section 4.2). Before and after
these dates, prevalence is assumed to be constant.

2.1.2 Gonorrhea and chlamydia

Gonorrhea and chlamydia prevalence in each population group are estimated over time as a moving average
through the standardized and weighted prevalence data. Priorto doing the estimation, each prevalence data
point is divided by sample size so that sample size does not influence the estimated prevalence levelor trend
but doesinfluence the confidence bounds. When generating the moving average, the relative contribution of
each data point to the estimate for a particular year reflectshow close it is to the year being estimated. Each
year further away results in its contribution falling by a fixed percentage (called the annual dilution factor),
which is set at 20% as default (see Sections 4.3 and 4.4).



This estimation method is applied throughout the period with any data available; for years before the first data
point and after the last data point, the estimate is flat-lined at the value of that earliest year with data and
latest year with data, respectively.

95% confidence intervals (Cl) are derived by bootstrapping, combining uncertainties in each survey’s observed
prevalence,and in the male-to-female prevalence ratio, urban-to-rural prevalence ratio, and high-risk to low-
risk population prevalence ratio.

2.2 Estimating incidence

For gonorrhea and chlamydia, and for syphilis when prevalence trends were estimated using logistic
regression, incidence estimates for each population group are derived from the prevalence trend estimates
and the relationship between prevalence, incidence and duration of infection (also see Annex 2.2).

The 95% Cls on incidence bounds reflect both the uncertainty (estimated by bootstrap) in prevalence, and an
additional uncertainty on the duration of infection, set at £50%.

When syphilis estimates are generated using the segmented polynomials for incidence approach both
prevalence and incidence estimates are generated directly.

2.3 Pooling data & generating trend estimates

Table 2.1 summarizes how the prevalence data are pooled to generate the trend estimates for low-risk
women, FSW, low-risk men, and MSM.

Table 2.1 Approaches used to generate estimates.

Syphilis: Gonorrhea and chlamydia:
Low-risk | Estimated by pooling data from low-risk population groups (e.g., Estimated by pooling prevalence data from low-risk
women ANC survey, ANCroutine screening, surveys in low-riskwomen, women (e.g., ANC, pregnant womenin the
blood donors). community/outside ANC, clinic attendees, Ob/Gyn
clinicattendees, community, military, students, young,
Prevalence data can also be included that does not disaggregate workers, blood donors, and mixed groups).
between womenand men (e.g. routine blood donor screening
results, or general population surveys). If there are no data for low-riskwomen, but there is
an estimate for FSW or another female high-risk
If there are no data from low-riskwomen, but an estimate was group, then high-riskto low-risk female ratiois used.
generated for low-risk men, then the prevalence in low-risk
women is estimated from the low-risk men’s prevalence, using the | Otherwise no estimate generated.
male-to-female prevalence ratio.
If there are no data from low-riskwomen or men but there is an
estimate for FSWs or another female high-risk group, then the
high-risk to low-risk ratiois used.
Otherwise no estimate generated.
FSW Estimated from FSW prevalence data Estimated from FSW prevalence data.
If there are no FSW prevalence data but there is a low-risk If there are no FSW prevalence data but there is a low-
estimate for women, then the FSW prevalence is generated from risk estimate forwomen, then the FSW prevalence is
the low-risk estimate using the high-risk to low-risk prevalence generated from the low-risk estimate using the high-
ratio for women. risk to low-risk prevalence ratio for women.
Otherwise no estimate generated. Otherwise no estimate generated.
Low-risk | Estimated by pooling data from low-riskmen (e.g., clinic Estimated by pooling prevalence data from low-risk
men attendees, community, military recruits, students, young, workers, men.

blood donors).

If there are no data or the available data are not active
(Use data = N or Spectrum-STI Weight set at0) then




Syphilis:

Gonorrhea and chlamydia:

If there are no data or the available data are not active (Use data =
N or Spectrum-STI Weight set at 0) then the prevalence inlow risk
men is estimated from the prevalence inlow-risk women using the
male-to-female prevalence ratio.

If there is no low risk female or low-risk male data but there is data
and an estimate for MSM or, if no MSM data, another male key

group, then the high-riskto low-risk ratio used.

Otherwise no estimate generated.

the prevalence in low risk men is estimated from the
prevalence in low-risk women using the male-to-
female prevalence ratio.

If there is no low risk female or low-risk male data but
there is data and an estimate for MSM or, if no MSM
data, another male key group, then the high-risk to
low-riskratio used.

Otherwise no estimate generated

MSM

Estimated by pooling MSM prevalence data.

If there are no MSM prevalence data but there is a low-risk
estimate for men, then the MSM prevalence is generated from the
low-risk estimate using the high-risk to low-risk prevalence ratio
for men.

Otherwise no estimate generated.

Estimated by pooling MSM prevalence data.

If there are no MSM prevalence data but there is a
low-risk estimate for men, then the MSM prevalence

is generated from the low-risk estimate using the high-
risk to low-risk prevalence ratio for men.

Otherwise no estimate generated.

When there are insufficient data for a region to generate an estimate for a particular population or infection
Spectrum-STl is structured to estimate prevalence using male-to- female ratios (Table 2.2) or high-risk to low-
risk prevalence ratios (Table 2.3). These ratios are based on the estimates used in the WHO 2012 and 2016
Global Estimates and expertdiscussions [8,9].

Table 2.2 Male-to-Female prevalence ratio. Ratios are assumed to be time constant.

Value Lower-bound Upper-bound
Syphilis 1.0 0.667 1.33
Gonorrhea 0.86 0.53 1.07
Chlamydia 0.80 0.60 1.00

Table 2.3 High-risk group to low-risk group prevalence ratio. Ratios are assumed to be time constant.

STI Population group Sex Value Lower-bound Upper-bound
Syphilis FSW Women 10.0 7.5 15.0
OtherHighRisk-Women Women 10.0 5.0 20.0
MSM Men 10.0 7.5 15.0
OtherHighRisk-Men Men 10.0 5.0 20.0
Gonorrhea FSW Women 10.0 7.5 15.0
OtherHighRisk-Women Women 10.0 5.0 20.0
MSM Men 10.0 7.5 15.0
OtherHighRisk-Men Men 10.0 5.0 20.0
Chlamydia FSW Women 5.0 3.8 7.5
OtherHighRisk-Women Women 5.0 1.5 6.0
MSM Men 10.0 7.5 15.0
OtherHighRisk-Men Men 10.0 5.0 20.0




2.4 Aggregating groups to generate a national estimate

Once the prevalence trend estimation is done for each group, Spectrum-STI aggregates the groups into a
national estimate by weighting the prevalence in each population group by its population size. The number of
low-risk adult women and men are estimated by subtracting from the overall (men and women) population
the sizes of all the other groups entered (e.g., FSW, MSM).

The uncertainty distributions (95% Cis) for the national estimates are calculated by combining the respective
variances as if they were independent.
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3 Installing and Using Spectrum-STI

3.1 Installing Spectrum-STI

Spectrum-STI will run on any computer running Windows 95 or later Windows versions. It requiresabout
70MB of hard disk space?.

To install Spectrum-STI:

1. Download the latest version of the Spectrum software (e.g., Spectrum Beta 5.88 from
http://spectrumbeta.futuresinstitute.org/.

2. Install Spectrum by double clicking on the file named “specinstall.exe”. This will start the installation
program. Follow the instructions on the screento complete the installation. The program will, by default,
install into C:\Program Files (x86)\Spectrum5.

3. For ease of use pin the Spectrum application icon to the taskbar, via Windows Explorer, folder C:/Program
files x86/Spectrum5 — right-click on the ‘Application’ file.

3.2 Opening Spectrum

Open Spectrum by clicking on the Spectrum Icon (rainbow) in the Taskbar:

This will bring up the Opening screen.

To run Spectrum click on the Spectrum icon under “Applications and Tools’.

=]

Fa3 Applications and Tools

Spectrum

A Spectrum oK1 OneHealth '

Recent Bt Generalized Cost
Run OneHealth Effectiveness Analysis

INZ . 3 o acToA a
t-Jan13.PINZ @ “‘Jov e o = e JOHNS HOPKINS
in the online
Subnational wizard LiST .

China 5.73b10 +DPmportYunnan.PINZ

e »
aacEEAR  J@UNAIDS
Join the online
AIM/Goals Download National
‘conversation HIV Estimates Files
& Open projection

@ E ﬂ,‘venir:

Help . Health )

Bl O 1ype here to search

1If you have trouble installing Spectrum-STI, it may be that you do not have the appropriate permission to
install programs on your computer and you will need to seek permission and/or help from your institution’s IT
administrator.
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http://spectrumbeta.futuresinstitute.org/

This will take you to the Welcome page.

= B =R Spectrum
File Home [Rfelsl
New B
g O @ H Ba Group [T Arrange All = Welcome © @
A save -
Open 5 Close Set Adtive Manager ¢ Favorites - @ Close Al [£2] Start Screen Help  Online Support
File Projection Display Window Information

™ Welcome 2

Welcome to Spectrum

A system of policy models which will help you analyze, plan and advocate for
improved health programming. Spectrum will assist you in projecting future
needs and examining the effects of policy options.

Getting started

D New projection

To get started, click here to create a new projection (%)

Open existing projection

Browse to find and open a previously saved projection

-
Selectarecentprojection fromthe list provided

Spectrum online support
Submit arequest, visitthe forums and access the knowledge base

@ Recently opened projections
o

3.3 Changing the language

The first time Spectrum is run after being installed the displays will be in English. You can change to another
language, by selecting “File” in the blue task bar and then “Options” from the bottom task bar and then under
“Appearance” chose “Language” from the Spectrum menu and select the language you want to use and click
on the “Ok” button.

The STl module is available in English and Spanish. Other UN languages (e.g., French and Russian) have part of
the windows translated, but the STl-specific parts are only available in English and Spanish. Note, if a language
other than English, French, Spanish or Portuguese are selected you must have the proper fonts or version of
Windows to display the language correctly.

3.4 Accessing Help and Online Support

To access Help and Online Support you need to be in the Home screen.If you are not on the home screen (i.e.,
you are in the STI Module) you will needto clickon “Home”.

Help: As of May 2020, online Help content is available for the STI module in English. Help is available for the
other modules, e.g. DemProj and AIM for HIV, in several languages.

Online Support: Users can request online support from Avenir Health with the Spectrum-STI module, as for
any Spectrum module — this is accessed from within the Spectrum application.

When switching to another language, Spectrum’s ‘Help’ functionality gets translated via a download from the
internet provided you have accessto the internet when doing the language switch. If you do not have access
to the internet the Help text will remain in English.
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3.5 Creating a new STl estimation/ projection

You can create a new estimation or projection in two ways from the Welcome page.
1. Select "New projection" under Getting Started or
2. Selectthe Home tab and clickon" New".

Spectrum

“. g ’NVEW @ H BB Group [T Arrange All =\ welcome ® @

Ope Set Active Manager

[5] start Screen Help Online Support

File Projection Display Window Information

2 Welcome | &2

Welcome to Spectrum

A system of policy models which will help you analyze, plan and advocate for
improved health programming. Spectrum will assist you in projecting future
needs and examining the effects of policy options.

New projection
To get started, click hereto create a new projection  (2)

! Qpen existing projection

Browse to find and open a previously saved projection

Selectarecent projection from the list provided

Spectrum online support
Submita request, visit the forums and access the knowledge base

=
@ Recently opened projections
o

The Projection manager dialogue box will then open:

W, Project

Projection Manager @

pections open. The parameters for this new projection wil be t
urrenily open. Al you need e do is create 3 proj

jection file rame and select 2

Set the file name and year baunds for your projection data
Prapecton fl name

Frst year Fal year

1090 s

Activate madules for use I your projection

Demograptics
w . x
#

W

& & Ams (A *

Matarmal & Child heath:
] ¢ ClusT costng
Other health priorites:

J Dmsiare @ Do communicable dseases
%) 178 tmpoct Modsl and Esimetas (TIME) ]

Select a country or global region from which to retrieve demagraphic and other default data

Detault data

B

| u [oR—

To generate a new estimation you needto:

1. Set the file name and year boundaries for the projection.

e  Projection file name: This is the name and path for the data files associated with this projection. This
name is also used to identify the projection across the Spectrum user interface. The file will take the
form of *.PJNZ.

e Boundary Years: Set the first year of the projection to a year before the first known prevalence data
point; or if you don’t know that yet, to an early historic year. We recommend that you change these to

1990 and 2025. The last year should be set to 2025 — to allow short-term projections of the ongoing and
near-future trend.
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TIP:

Once a projection file has been created, it is not possible to add other Spectrum modules or to change the
start or end year. If you have data from before 1990, or anticipate that these will come forward, then set
the first boundary year of the projection accordingly. Outputs/Results can easily be adjusted to show fewer
years (e.g. the years with actual country data).

2. Activate the relevant modules for the projection by clicking on the relevant check boxes. At a minimum you
will need to activate 2 modules.

e Demographic Projection (DemProj) under Demographics.

e Sexually Transmitted Infections (STI) under Other health priorities.

In addition, we would recommend that you activate
e AIDS (AIM) under HIV. This module projects the impact of the HIV/ AIDS epidemic. It is optional but
recommended especially in countries where HIV is affecting background mortality and age structure.

Do NOT activate any other modules.

3. Select a country or global region by clicking the “Default Data” button and selecting a country from the list
on the screen and click on the “OK” button. This will take you back to the Projection Manager Screen.

B\ Country and regional default data o

Select: Select a

18 Country ~

Subnational region Albania
Algeria

Global region
Sample country
Na country or global region

Select modules for which default data should be
loade:

Module Load data Source

AWM =]
3 Bangladesh
sm =
=] Barbados
Belarus
Belgium

Belize
Benin

Bhutan

Bolivia

Bosnia and Herzegovina
Botswana

Brazil

Brunei Darussalam
Bulgara

Burkina Faso

Burundi

Cambodia

Cameroon

Canada

Cape Verde

Central African Republic
Chad

Channel Islands

China
China Hong Kang SAR

Céte d'lvoire

Croatia

Cuba

Curacao

Cyprus

Czech Republic

Dem. People's Republic of Korea
Democratic Republic of the Conga
Denmar k

ok cancel

n O T1ype hete to search

4. Click on the OK button at the bottom of the Projection Manager screen.

Spectrum-STI will now create the projection and load the default demographic, HIV and STl data available for
the country. Note, an Internet connection is required for this process. It typically takes up to a minute or two
for the data to load. Whilst this is happening the bottom-left corner providestime-changing updates (Creating
demography, then Creating AIM... etc.,) indicating that Spectrum-STl is loading the data. Wheniit is finished
processing the program will return to the File management page and the bottom-left corner will say ‘Ready’.
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3.6 Opening an existing estimation/ projection

An existing projection can be openedin a number of ways.

1. Click on “Open existing projection” or on “Recently opened projections”.
2. Under the Home tab clickon "Open". Awindow will open, so that you can navigate to the directoryand

find the desired projection.

3. Click on the “File” tab in the upper left corner of the Spectrum window. This will open a drop down menu.
Either, click"Open projection" navigate to the directory and find the desired projection, or clickon one of
the projections listed under Recent projections on the right side of the drop down menu.

Spectrum

Set Active

File Projection Display

= Welcome 2

Welcome to Spectrum

[T Arrange All
 Close all

= Welcome

® ©

[E2] Start Screen Help Cnline Support

Window Information

A system of policy models which will help you analyze, plan and advocate for
improved health programming. Spectrum will assist you in projecting future

needs and examining the effects of policy options.

Getting started

New projection
To get started, click here to create a new projection (%)

2" Open existing projection

Browse tofind and open a previously saved projection

Recently opened projections <
Selectarecentprojection from the list provided

Spectrum online support
Submita request, visitthe forums and access the knowledge base

3.7 Setting the active estimation/ projection

You can determine which projectionis active, by looking at the top-centre of the Spectrum window. The file
name of the active projection will be displayed in the blue bar. In the example shown below, ‘Cambodia.’ is the
active projection. If only one projectionis open, that is automatically the active projection. To see all
projections that are open, look at the bottom-right of the Spectrum window. If more than one projectionis
open, all of the projection file names are displayed there. The active projectionfile is the one in bold with a

star in front of the name.

TIPS:

e If a projection is “active” then any edits made to the STI file (Configuration, STI Data, Biomedical
parameters or results) will affect this projection only. They will not affect any other projectionsthat

are open but are not active.

e To selectanother projection to be set as active, use the Set Active button in the menu bar or click on

the appropriate file name in the status bar.
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2\ Welcome
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New projection
To get started, dick here to create anew projection (D

3‘ Open existing projection

Browseto find and open a previously saved projadion

™ Recently opened projections =
Select arecent projection fromthe list provided

Click here or on the application button above for additional file options

Edit data and view results

To edit a specific module's data or view results, click its icon in the menu group above. This
will display the module's editor and results menu bar for appropriate selection.

Ready 0% mm-ms‘,mm

3.8 Saving an estimation/ projection

There are two easy ways to save a projection.

1. Click on the “Home” tab on the top menu and then clickon "Save".

2. Click on the “File” tab in the upper left corner of the Spectrum window. This will open a drop down menu.
Choose "Save projection" to keep the same projection name and location. You also have the option to
click "Save projection As" in the drop down menu. Use this option if you want to change the projection
name or the folder path where the projectionfile is saved.

If more than one projection is open, you will be given the option to save one or all of the projections.

Kenya-test - Spectrum

Recent projections
Colombia v5.77 B 16 29 August.PINZ

KENYA-gonorrhea-v5.81Beta09Jan42020.PINZ
§ Openprojection

KENYA 5 2020-pop2.PINZ
BRAZIL - gonorrhea - V5.81 Beta 4 Jan 10 - pop2.PINZ [omedical parameters > Results -
BRAZIL - gonorthea - V5.81 Beta 4 Jan 10.INZ

BRAZIL - gonorrhea - V5.77 Beta 47 Dec 2.PINZ

Save projection As

KENYA-gonorrhea-v5.818etad an42020.P INZ

0N M e W N e

KENYA-gonorrhea-v5.77Betad7Dec2. PINZ

Close projection

(O
]
0
&
&2

2\ About 3 Options & et

Edit data and view results

To edit a specific module's data or view results, click its icon in the menu group above. This
will display the module's editor and results menu bar for appropriate selection.

Ready 0% Mongoka-test,Cambodia - test, *Kenya-test
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3.9 Closing an estimation/ projection

The easiest way to close an estimation/ projection is either:

e C(Click on “Home” in the top menu, then select "Close" and follow the instructions (see above). This gives
you the option to choose one or all projections to close. You select the projection you want to close, by
clicking the projection name or "All projections";
or

e Click on “File” tab in the upper left corner of the Spectrum window. When the File tab is clicked, a drop
down menu appears and choose "Close projection" and follow the instructions. This gives you the option
to choose one or all projections to close. You select the projection you want to close by clicking the
projection name or "All projections".

You can also close a projection — and the program — by clicking on the “X” box in the top upper right corner of
the Spectrum window.
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4. STl Module: Configuration parameters

Click on the Configuration menu item and the configuration data editor will appear. There are four
Configuration menu sheets. All of the parameters in the four sheets can be changed. However, we
recommend that you do not change any of these parameters. The default values reflectbest-practice, global
values as proposed by Avenir Health, WHO and specialist advisors. The source box provides a list of related
references. If you do make any changes, you will need to click on the “Ok” box to save them.

Kenya-test - Spectrum

L—D i &l 7 1 f2sn ¥ @ 0 Groun

Projection =™\ Configuration O X

Set Active Manager ol

General Syphilis Gonorrhea Chlamydia
i Conbaaetion P Adjustment for zero prevalence  [9.01

A value of 0,01 means: For those data points with 0% prevalence, the 0% was replaced by a notional
| Welcom: prevalence calculated as 1 case divided by 100 (=1/0.01) times the sample size. This adjustment is

) made to allow generating uncertainty intervals.
File management

MNumber of boot samples 300
New projection
To get started, dick here to crel

= | Open existing projection
(™ Browsetofind and opena previ

™ Recently opened projectio
A Select arecent projection fromt]|

Click here or on the application buttg

Edit data and view resu

To edit a specific module's data or
will display the module's editor and

Ready 0% Mongolia-test, Cambodia - test, *Kenya-test
4.1 General

Adjustment for zero prevalence: If a study reported a prevalence of 0 this value is replaced by the
“adjustment for zero prevalence” times the sample size to allow for logistic regression and generation of
uncertainty intervals.

Number of bootstraps: The default value is set to 400. Simulations suggest that this number is typically
enough to obtain a good approximation of both incidence and prevalence over time, using their respective
medians. For the final estimates, (i.e. after the data sets have been finalized and weights assigned) the number
of bootstraps can beincreased to 1,000 to smooth the curves.
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4.2 Syphilis

Y Configuration
General Syphilis Gonorrhea Chlamydia

Maximum prevalence by population, as %
Low-risk population FSW MSM Other high-risk groups
Male 20.04 35.00 35.00

Female 20.00 40.00 40.00

Backward, before first data point Forward, past most recent data point™

Segmented Polynomials for Incidence

:

Logistic Regression

2

**E.q. for a population with its first and last prevalence data points in 2010 and 2015, respectively,
the estimation result for 2009 is used for all years pre-2009, and the estimation result for 2016 is used

for all years post-2016.

2
2

Syphilis fitting type by population

Low-risk Women High-risk women Low-risk Men High-risk men

|I.ogistic Regression ~ | Logistic Regression ~  Logistic Regression ~  Logistic Regression

Use M+F combined data points in Low-risk F estimation

Use M+F combined data points in Low-risk M estimation

o 1 o | o

a Help

Maximum prevalence by population: The estimated point prevalence and the upper bound of the 95% ClI for
each population group are restricted. The default maximum values are based on empirical data from across

low- and middle-income countriessince 1990.

Extrapolation period: Users can specify how long before and after the first and last data point, respectively,
Spectrum-STI extrapolates the time trend estimation. Before and after these dates, prevalence is assumed to

be constant.

Syphilis Fitting type by population: For syphilis there are two options for curve fitting. The default model is
logistic regression (see Section 2.1.1). Users can also specify if they want to include data points that are not
disaggregated by sex in the low-risk female and/or the low-risk male estimations. If the boxesare checked
then data from studies that presentdata for males and females combined (M + F) are included in the

estimates.
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4.3 Gonorrhea

2\ Configuration O X
General Syphilis Gonorrhea Chlamydia
by ion, as %
Low-risk population FSW MSM Other high-risk groups
Male 17.@ 40.00 40.00
Female 20.00 50.00 50.00|

100% minus the annual dilution factor, in moving

average estimation

E} Cancel Source @ Hep

Maximum prevalence by population: The estimated point prevalence and the upper bound of the 95% Cl for
each population group are restricted. The default maximum values are based on empirical data from across
low- and middle-income countriessince 1990.

Dilution Factor: The default value of the dilution factor, used in moving average estimations, is 20%. The
Configuration screen displays this as the complementi.e. 100% minus the dilution factor, i.e. 80%. The

dilution factor for gonorrheais also used for chlamydia.

Extrapolation period: For gonorrheaand chlamydia the estimate is fixed before and after the first and last
data point, respectively.

4.4 Chlamydia

2\ Configuration O X
General Syphilis Gonorrhea Chlamydia
by ion, as %
Low-risk population FSW MSM Other high-risk groups
Male 24.@ 60.00 60.00
Female 30.00 70.00 70.00
E} Cancel Source @ Heb

Maximum prevalence by population: The estimated point prevalence and the upper bound of the 95% ClI for
each population group are restricted. The default maximum values are based on empirical data from across
low- and middle-income countriessince 1990.
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5 STI Module: Population sizes

Spectrum-STI Version 5.75+ generates estimates for different population group and combines these to
generate national estimates for adult men and women. The Spectrum-STI demographic database includes
country estimates of adult population size and estimates of the size of the FSW and MSM populations.

2\ STI Data a

opulation saes

Use  Population 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 20
data

17800 18191 18,613 19091 19664 20371 21,206 22170 23215 24259 25233 26099 26869 27503 28312 29,020 29677 30296 30873 3419 31949 32499 33024 33526 34000 344

14629 14970 15329 15739 16242 16874 17,631 18516 19486 20473 21,418 22288 23090 23857 24617 25356 26055 26705 27,306 27,869 28407 28944 29460 29,958 30436 308

Cancel Add female population ‘Add male popustion Source

[ [

5.1 Total population (15 to 49 years of age)

Spectrum-STI input data file includes national estimates and projections by year for each country of
e Total population, women 15-49 years
e Total population, men 15-49 years

These were drawn from the UN Population Division, World Population Prospects 2017 version [10].

5.2 Low-risk women and men

The number of low-risk adult women and men are generated by the program by subtracting the size of all the
key groups (i.e., FSW, MSM) from the total population of women and men. The low-risk population estimates
cannot be changed manually.

5.3 Female sex workers and Men who have sex with men

The Spectrum-STI input data file includes population size estimates for FSW and MSM based on:

1. Data reported by countriesinto the GAM system until May 2018. The GAM estimates are based on
Integrated Bio-Behavioural Survey (IBBS) or other national Population Size Estimation studies.

2. For countries that did not reportsize estimates to GAM estimates were based on the estimates used
in the country’s HIV epidemic estimation when available, i.e. based on values used in their national
(UNAIDS-supported) calibration to the Asian Epidemic Model or the Spectrum’s AIM/EPP model.

3. When no national size estimates were available regional estimates were based on a literature review
conducted by UNAIDS, GFATM and WHO (see Table 5.1, [11]).
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All of these population sizes can be modified. As size estimates for FSW and MSM are typically only available

for a subset of years for any country, Spectrum-STI initially assumes that FSW and MSM are a fixed proportion

of the total adult (15-49 years) population for those years without data. For example, if a country has 4,000

FSW in a population of 4 million women 15 to 49 years of age in 2012 then the FSW population is set at 1%, for

all yearsthroughout 2000-2025.

Table 5.1 Estimates of the population proportions of key populations in UNAIDS regions

% of 15-49 year-old women or men who are: FSW MSM
Asia and Pacific 0.35% 1.69%
Caribbean 0.49% 2.71%
Latin America 0.49% 1.49%
East and Southern Africa 0.58% 1.28%
East Europe and Central Asia 0.68% 1.39%
Western and Central Europe and North America 0.58% 1.28%
North Africaand Middle East 1.18% 0.90%
West and Central Africa 1.19% 0.72%

5.4 Other populations

If prevalence data are available for other key population groups (e.g., PWID, or prisoners), then population size

estimates will need to be entered for each group. This is done by using the “Add female population” or “Add
male population” buttons at the bottom of the STI Data page.

Use  Population 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
data

17,800 18191 18613 15091 19668 2037 2

14970 15329 15739 16242 16874 17631 18516 19486 20473 21,418 22288 230

Cancel Add female population Add male popuiation

L=
o [op

206 22170 23215 24259 25233 26099 26869 27593 28312 29020 29677 3029

06 27,869 28407

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 207

349 32499 33024 33526 34000 344

8944 29460 29958 30436
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6 STI Module: STI Data

6.1 STl prevalence data

There are three options under the STI Data menu: Syphilis; Gonorrhea; and Chlamydia. New projections are
initially populated with data from the Spectrum-STI Global Prevalence Database (see Annex 1).

Ef‘\ Recantly opered projections.
v

Edit data and view results
dora o

2 bcan in the mara group sbove. This
 fa appropriate selecton.

To edt o spack
il display the.

[« PR

Most of the data elements, but not all, can be modified, deleted, or added to. The following columns cannot
be modified, as they are calculated by the program based on the values (default or user entered) in the other
columns.

Syphilis:
e prevalence;
e prevalence, diagnostic test adjusted.

Gonorrhea & Chlamydia:
e prevalence;
e prevalence, diagnostic test adjusted
e urban prevalence test adjusted
e rural prevalence test adjusted
e national prevalence test and geography adjusted

Samples of the data entrytables are shown below for syphilis and gonorrhea. The chlamydia table has the
same format as gonorrhea.
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= STl Data a x

Syphilis Surveys
Use data Study year(s) Midpoint study year Sex Population Population detail Diagnostic test Number positive Number tested Number eligible Testing coverage Prevalence Prevalence Weigh ~
DAGNOSTIC test in ram
adjusted denot
= 2006 Women|~| ANC Routine ~ RPRAVDRL v 11,69 654,099 1,112,500 0588 1.788 0.948
= 2008 Women |+ | ANC Routine v RPRADRL v 11,69 654,099 1,112,900 0588 1788 0.348
| %} 201 Women » ANC Routine - RPR/VDRL v 11,696 654,099 1,112,900 0.588 1.788 0.948
’Z am Women ~ ANC Routine A RPR/VDRL W 1,024 659,158 1,100,159 0.636 1.577 0.836
=] 2012 Women|»/| ANC Routine ~ RPR/VDRL v 10,508 785,123 1,084,150 o7 1338 0.709
= 2013 Women | ANC Routine ~ APR/VDRL v 10172 823,727 1,196,978 0,688 1235 0.654
=] 2014 Women|v/| ANC Routine v RPRA/DRL v 9,612 686,548 976,342 0703 1400 0.742
M 2015 Women ~ ANC Routine - RPR/VDRL ~ 10,714 893,882 1,204,265 0.742 1.19% 0.635
= 2016 Women |~ ANC Routine v RPRAVDRL v 1,673 41,818 1,290,042 0730 1239 0.657
= 1993 Women v | ANC sentinel survey v RPRAVDRL v 8s4 13,131 6504 3447
=] 1996 Women|»| ANC sentinel survey ~ RPR/VDRL ~ 2 61 3.928 2.082
1997 Women ANC sentinel survey RPR (any titer) & TPHA 29 12414 2384 2384
- v
< >
Syphils data must include data from a mirimum of 3 years to converge.
Ok Cancel Dek i Hebp
Saurce Move Rows Up
R\ STI Data o
Gonorrhea Surveys
Use  Study Midpoint  Sex Population Population detail Location Age Age category  Age Geography ~ Number  Number  Clinical specimen  Diagn ~
data year(s)  studyyear Adjustment positive  tested
& 1,994 1994 Women/-| ANC sentinel survey +/ Pregnant women in ANC Nairobi Unknown v 1.000 Urban v 7 286 Genital Fluid | »| Cultur
? 1997 Women v Workers, Women v Plantation residents Western Kenya 18 to 50 Adults 1549 + 1.000 Rural v 50 1,922 Urine ~ NAAT,
2 1,997 1997 Women/ /| ANC sentinel survey v/ Pregnant women in ANC Nairobi Unknown v 1.000 Urban v 10 334 Genital Fluid || Cultur
2,001 2001 Women | ANC sentinel survey Pregnant women in ANC Nairobi Unknown 1.000 Urban/Rural 1 886 Genital Fluid Cuttur
%]
Jan2007 2008 Men Community, Men Cohort study: HIV-negative individuals Kisumu 18t0 34 Unknown 1.000 Urban/Rural 0 422 Urine NAAT
- to March v v v v
%) 2009
January 2008 Women | Community, Women Cohort Study: HIV-negative individuals Kisumu 18t034 Unknown 1.000 Urban/Rural 20 424 Genital Fluid NAAT,
March ¥ i i ct
2009
? 2010 Women| | ANC sentinel survey « Pregnant women, HIV-negative Wester Kenya Median 22, 46% adolescents Youth 15-24 | 1,000 Urban/Rural v 3 1,156 Genital Fluid  |»| NAAT
a9 2010t 20105 Women | Community, Women Not pregnant, HIV-negative, at average risk of infection Mombasa Unknown |, 1.000 Urban ” 1 110 Genital Fluid o Naar/
2o0m %
May 2011- 20125 Women ANC sentinel survey ANC clinic ANC (hosps) Western 14 or over Unknown 1.000 Rural 32 1,276 Genital Fluid NAAT,
June 2013
August 2015 Women | Studentsyoung, Women Survey: students - university or high school Mombasa 15t024 Youth 1524 1.000 Urban 7 451 Urine NAAT/
2014 to
March - ¥ v v )£
2015
v
< >
Ok Cancel Move Rows Down Delete selected row(s) O Heb
Source Add data Move Rows Up

Tip:
e  Only data that have atick in the column “Use data”, on the left, will be included in fitting of the
model and will be shown in Results prevalence graphs.

To modify data: Selectthe cell you want to change, make the relevant change and pressenter. Then to save the
changes use the button “OK” at the bottom of the screen.

To delete prevalence data:

e Temporary: If you don’t want to use a data row for a particular estimation, but may want to re-use it later
again, uncheckthe “Use data” button (first column).

e Permanent: If you want to permanently delete a data row, then use the “delete selected row(s)” button in at
the bottom of the screen.

To add prevalence data that are not in the Spectrum-STI global database: Click on “Add data”. A new line will
be introduced at the bottom of the country data file, and the relevant details can be entered.

Prevalence data are entered as the number of people positive and the number tested, not as a percentage. If
a study does not provide information on the number of people positive or tested, it is necessary to infer or

estimate these based on the reported prevalence.

The column “Weight for Spectrum Fitting in range 0 to 100” is the weight assigned to each study in the
statistical trend fitting. See Section 6.3 for more information about these weights.
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Box: Reviewing and updating Spectrum-STI prevalence tables in Excel
Prevalence data tables can be imported into and out of Excelfor reviewing and updating.
A. Copying a Spectrum-STI prevalence data table into Excel

e Putthe cursorin the middle of the data table, right-click and then select “Copy all”.
Switch to Excel, select cell A1 and paste the data.

B. Modifying data in Excel

e Update or correctthe relevant cells by typing in new values
(Note: Do not edit the columns that are calculated by Spectrum-STI — these will be recalculated, and
overwritten, by Spectrum-STI when the updated data are copiedinto Spectrum-STI).

C. Copying data from Excelinto a Spectrum-STI prevalence data table
e Checkthat all of the cellsin Excel are formatted as “General” (and not: Number, or Custom, etc.).
e  Copy the cells starting from the column ‘Study year(s)’. Do not try to copy the whole row.
e  Switch to Spectrum-STI.
e If the data being input are modifications to an existing data row
o Selectthe ‘Study year(s)’ column of the row being changed and paste the copied data.
e |[fthe data are new:
o Select ‘Add data’ from the Spectrum-STI data table
o Paste the saved data into the newly entered rows at the bottom, starting with the ‘Study
year(s)’
o Manually select, from the respective drop-down menus, for columns like Use data, sex,
population, diagnostic test.
e Confirm your overall changes to the data editor by clicking ‘OK’.
e Save the updated projection file, under File, ‘Save’ or ‘Save as’.

6.2 Standardizing prevalence data across studies

The observed prevalence values are converted into true prevalence estimates by adjusting for the sensitivity
and specificity of the diagnostic test, the age of the study population (for chlamydia only), and the geographic
location of the study population.

6.2.1 Syphilis

The methods for standardizing data from prevalence studies are based on the methods and parameter values
used in country Spectrum-STI estimations done over 2017-2018 [3-5]. A standardized prevalence data point was
obtained by adjusting the reported prevalence to reflect the diagnostic test used.

Laboratory test adjustor:

The default laboratory test adjustors for syphilis are reportedin Section 7.3. These adjustment factors are
based on two global meta-analyses of prevalence ratios [12, 13] and consultations with international STI
experts. They are assumed to remain constant over time.

6.2.2 Gonorrhea and chlamydia
The methods for standardizing data from prevalence studies were based on the methods and parameter values
used to generate the WHO 2012 and 2016 estimates [8,9]. A standardized prevalence data point was obtained

by adjusting the reported prevalence to reflectthe sensitivity and specificity of the diagnostic test used, the age
of the study population, and the geographic location of the study population using the following formulas:
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SP = (RP + Specificity — 1)
x age adjustor x geography adjustor

(Sensitivity + Specificity — 1)

where SP is the standardized prevalence, RP is the reported prevalence, specificity is the reported specificity of
the lab test and sensitivity is the reported sensitivity of the lab test. The age and geography adjustors are
described below.

Laboratory test adjustors: The performance characteristics of each laboratory test type are recordedin
Section 7.3.

Age adjustor: Prevalence data for chlamydia in women and men were systematically adjusted for age (see
Table 6.2). No adjustments were made for gonorrhea in women or men. The default values were assumed to

remain constant over time

Table 6.2 Age adjustors

Sex Age Group (years) Value | Lower- Upper- | Reference
bound bound
Chlamydia
Women 15-24 0.59 0.44 0.74 | [5]
25-49 1.39 1.04 1.74 | [5]
15-49 1.0 1.0 1.0 | Reference category
Unknown 1.0 1.0 1.0 | Reference category
Men 15-24 0.8 0.60 1.00 | Avenir Health (average between no
25-49 12 1.00 1.50 adjustment in WHO global estimates
[8,9], and strong adjustment for South
Africa [5]
15-49 1.0 1.0 1.0 | Reference category
Unknown 1.0 1.0 1.0 | Reference category
Gonorrhea
Women All age groups 1.0 0.75 1.25 [ WHO 2012 global & regional estimates
[8,9]
Men All age groups 1.0 0.75 1.25 | WHO 2012 global & regional estimates
[8,9]

Geography adjustor: The geography adjustors are recordedin Table 6.3. The adjustors reflectboth the
proportion of the population living in urban areas and the ratio of the prevalence of infection in rural areas to
urban areas (assumed to be 0.9).

Data from studies where information was available for both rural and urban areas suggest that the prevalence
of non-ulcerative STls is generally higher in urban areas than in rural areas. The number of studies with both
urban and rural data for syphilis, chlamydia or gonorrhea, however, was small.

Spectrum-STI uses the urban-to-rural prevalence ratios to calculate for each study an urban prevalence, a rural
prevalence and a corresponding ‘urban + rural’ prevalence. To calculate the latter, the country and group’s
urban and rural prevalences are aggregated, weighted by the country’s national urban and rural population
sizes, for the study year, using UN Population Division population estimates contained in the Spectrum
DemProj module. No adjustment was made for studies that involved samples from different types of sites or
where it was not clearly stated.

Table 6.3 Geography adjustors

Type of population Adjustor
National 1

Urban 0.947
Rural 1.052
Unknown 1
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Handling studies where the standardized prevalence was negative: When a negative number is generated for
the standardized prevalence Spectrum-STI resets the standardized prevalence at 1 case divided by 100 times
the sample size.

6.3 Weighting data from different studies

Each study is assigned a weight, reflecting its representativeness of the population group being estimated. In
the Spectrum-STI global database, these weights were generated by the Spectrum-STI global team. These
values, which appear as the default or starting point when a New projection is created in Spectrum-STI, need
to be reviewed by users and adjusted to reflectrepresentativeness and quality according to their expert
opinion.

The default weights assigned to the low-risk population data in the Spectrum-STI global database were
generated as follows:

Syphilis:

e Routine ANC screeningdata: weight is based on the national coverage of syphilis screening.

e ANCsurveys: weight reflectsthe number of sites sampled or type of survey.

e Surveys in low-risk women (excluding ANC surveys): weight reflectsthe type of survey

e Surveysin low-risk men: weight reflects the type of survey

e Blood donor data from women: generally assigned a weight of 0.1

e Blood donor data from men: generally assigned a weight of 0.1

e Blood donor data and surveys that did not differentiate between men and women: assigned a weight
of 0.

Gonorrhea and Chlamydia:
e  Most studies were set at 100%. Some small studies, or studies of a specific age sub-group were
assigned a lower weight.

For FSWs and MSM most studies were set at 100% for all three infections. In some countries when there were

data from multiple years and where the number of sites tested varied by year, studies were weighted to reflect
this.
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7 STI Module: Biomedical parameters

There are three files under the Biomedical parameters menu: Population prevalence ratios; Duration of
infection; Diagnostic test performance.

7.1 Population prevalence ratios

The population parameters are used to: (1) standardize and adjust the observed data from prevalence surveys
before making a prevalence estimation within a group; (2) generate an estimate for a population group that
has no data.

There are four types of population parameters.
1. Male-to-female prevalence ratio
2. Geographic adjustor or Rural / urban prevalence ratio
3. Age adjustor
4. Ratio of prevalence between high-risk groups and low-risk group

The values of the population parameters are based on expertopinion, consensus and agreed assumptions
used in past global and regional STI estimates [8,9], and insights from recentSpectrum-STI country
applications. For each population parameter thereis a default/best value, as well as a Lower-bound and
Upper-bound; the bounds are used to determine the uncertainty in a prevalence estimate that uses the
parameter concerned.

The population pattern parameters are all fixed and cannot be changed without going into the Spectrum
Developer’s mode (for advanced users). To change one or more of these parameters, please contact Eline
Korenromp (EKorenromp@avenirhealth.org).

2\ Biomedical parameters O X
Population prevalence ratios Duration of infection Diagnostic Test Performance
s Prevalence ratio Sex Adjustment factor Lower bound Upper bound Source A

Syphilis Male/Female prevalence

Syphilis

Syphilis

Gonorrhea Male/Female prevalence A

Gonorrhea

Gonorrhea Fural/Urba

Gonorrhea Rural/Urban prevalence High-ris

Gonorrhea Rural/Urba evalence, High-risk = 0.58 5 Ne an-L et LoS ONE, 2015 (=
Gonorrhea Age Catego ouths 15-24

Gonorrhea Age Category: Adults 25-49

Gonorrhea Age Category: Adu 5-49

Gonorrhea ~ge Catego

Gonorrhea ~ge Catego 5-24

Gonorrhea Age Category: Adults 25-4

Coannerl haa M
< >
Cancel Source & Heb

7.2 Duration of infection

The duration of an infection, or STl episode, is defined as the mean length of time that a person carries an
infection. This in turn depends on a number of factors including the average duration of infection in the
absence of treatment, the probability that a person with symptoms gets treated and how long, on average, it
takes for a symptomatic personto get treated. In addition, people who are asymptomatic may receive
treatment because of screening programmes, or partner notification, or inadvertent correcttherapy while
being treated for another health problem. The methods and parameters used to estimate the mean duration
of infection are based on the methods used in the WHO 2012 and 2016 global and regional estimates [8,9].
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All of the parameters that determine the duration of infection (Duration of untreated infection, duration of
treated infection, proportion of episodes that is symptomatic and proportion of symptomatic episodes that are
treated) can be changed for both men and women and over time to reflect, for example, historic time trends in
health care seeking and/or treatment access. The final estimates for duration for each year for women and
men are found in the circled columns, in grey font. These cannot be modified (and hence are in greyfont); they
are calculated from the preceding (left-hand) columns.

|\ Biomedical =} »®
Duration of infection
st
Syphis
Year  Male episode Male Male Male Female i Female Male Source Female &
symptomatic symptomatic duration,  duration, episode symptomatic duration,  duration,
%) episade unireated  treated (years) symp episode. untreated  treated (years)
treated (%) tyears) o) treated (%) tyears)
1990 60.00 35.00 516 60.00 35.00 5.16 25 Hewman-L et al. PLoS ONE, 2015 [« WHO 2012 estimates): Table AZT Hewman
1991 60.00 35.00 516 025 £0.00 35.00 516 02 Hewman-L et al. PLoS ONE, 2015 (= WHO 2012 estimates; Table A27 Hewman
1992 60.00 35.00 516 2 £0.00 35.00 516 025 Hewman-L ¢t al. PLoS ONE, 2015 = WHO 2012 estimatesy; Table AZ7 Hewman
1993 60.00 35.00 516 025 35.00 516 02 Hewman-L et al. PLoS ONE, 2015 = WHO 2012 estimates); Table AZ7 Hewman
1994 60.00 35.00 516 35.00 516 02 Hewman-L et al. FLoS ONE, 2015 = WHO 2012 estimates; Table A2 Hewman
1995 60.00 516 35.00 516 02 Hewman-L et al. PLoS ONE, 2015 = stimatesy Table AZ7 Hewman
1996 60.00 35.00 516 £0.00 35.00 516 025 Hewman-L ¢t al. PLoS ONE, 2015 [« W 12 estimatesy Table AZ7 Hewman
1997 60.00 35.00 516 £0.00 35.00 516 02 Hewman-L et al. PLoS ONE, 2015 {= WHO 2012 estimatesy Table A27 Hewman v
< >
=0 o | [ som Qe

7.2.1 Chlamydia and Gonorrhea

For chlamydia and gonorrhea, the duration of infection (D) for a person of sex (k) in treatment area (r) is
estimated using the following equation:
D(k,r) = S(k,r) x [V(k,r) x T5(k,r) + (1 = V5(k,r)) x US(k,n)]
+(1-S(k,r)
x [VA(k,r) x TA(k,r) + (1= VA(k,r)) x UAk, )]
where:
S(k,r) is the probability that an infected personis symptomatic (S).
VA(k,r) and VA(k,r) are the probabilities that infected people who are symptomatic (S) and asymptomatic (A)
were treated, respectively.
T5(k,r) and US(k,r) are the average durations of infections for symptomatic (S) people who are treated (7) and
not treated (U), respectively.

TA(k,r) and UA(k,r) are the average durations of infections for asymptomatic (A) people who aree treated and
not treated, respectively.

The estimates are based on the assumptions in Tables 7.1, 7.2 and 7.3.

Table 7.1 Probability of men and women developing symptoms

Infection Men Women
Chlamydia 0.54 0.17
Gonorrhea 0.64 0.34

Table 7.2 Average duration of infection

Infection Asymptomatic and not treated Symptomatic and treated

Men Women Men Women
Chlamydia 15 months 15 months 4 weeks 8 weeks
Gonorrhea 5 months 6 months 2 weeks 4 weeks

Table 7.3 Probability that a symptomatic person is adequately treated, by treatment access group*

Treatment access group Probability in men Probability in women
A —good access 0.80 0.75
B — moderate access 0.65 0.50
C — poor access 0.35 0.225

*The probability that an asymptomatic person is treated is assumed to be 10% of the probability that a symptomatic person

is treated.
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For treatment coverage the default values are based on the values used in the WHO global and regional
estimates [8, 9]. When generating the WHO countries were placed into one of 10 regions (see Table 7.4) and
these regions were assigned into one of three treatment groups.

Table 7.4 Allocation of regions into one of three treatment groups according to probability of treatment
Treatment group Regions
A e  Australasia and High Income Asia Pacific

e Highincome North America

e  Western Europe

B e  Andean, Central, Southern, Tropical Latin America & Caribbean

e  North Africa & Middle East

e  Oceania

. East Asia

e  Central & Eastern Europe & Central Asia

C e  Central, Eastern & Western Sub-Saharan Africa
e  Southern Sub-Saharan Africa

e  South Asia & South East Asia

7.2.2 Syphilis

A similar approach is followed for syphilis, after adjusting for the different stages of infection (primary,
secondary, and latent). The probability of adequate treatment is assumed to be the same for men and women.
It is also assumed that people with primary and secondary syphilis who do not develop symptoms are not
treated.

The estimates are based on the assumptions in the Tables 7.5, 7.6 and 7.7. For all of the parameters it is
assumed that there was no difference between men and women.

Table 7.5 Probability of developing symptoms by stage of infection.

% of episodes Primary stage 40%
symptomatic Secondary stage 60%

Table 7.6 Probability that a person is adequately treated for syphilis according to treatment group

Treatment group Symptomatic primary and secondary stages Latent stages
A— good access 0.85 0.95
B— moderate access 0.60 0.85
C— poor access 0.35 0.75

Table 7.7 Average duration of infection in a person with syphilis, depending on stage at which they are
treated

Stage of infection time
Primary 1 month
Secondary 3 months
Latent 3 years
Tertiary 15 years
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7.3 Diagnostic test performance

The defaults values of the performance characteristics of each laboratory test type are estimates based on
reviews of the literature done for the WHO regional and global estimates and updated and expanded by Avenir
Health for use in Spectrum-STI. These values are fixed and cannot be adjusted without going into the Spectrum
Developer’smode. To change one or more of these parameters please contact Eline Korenromp
(EKorenromp@avenirhealth.org).

o x
Diagnostic Test Performance
sn Specimen  Sex Diagnastic test Sensitivity % Specificity % Adjustment factor SensitivitySource SpecificitySource ~
Blood/serum
< >
e - @

31


mailto:EKorenromp@avenirhealth.org

8 STl Module: Results

Select the “Results” menu item and choose the infection you are interested in. For each infection there are
four differentoutputs available: Prevalence; Incidence rate; Number of incident cases; and Summary. Results
take the same format for all three infections.

Box: Exporting Spectrum-STI results into Excel

All of the Spectrum-STI result tables and line graphs can be exported into Excel, and then turned into
additional charts using the various Excel features (see https://www.excel-easy.com/data-
analysis/charts.html).

To exportthe results:

1. Putthe mouse somewhere in the middle of one of the results tables or graphs and then right-click:
Copy all if a table or right click: Copy chart (Image) to copy the graph or Copy chart (data) to copy
the date in the figure.

2. Paste the Spectrum output table into Excel.

8.1 Prevalence

Users need to specify the desired configuration of the estimation output:
1. Sex:whether they want to view the results for males and females combined, males only or
females only.
2. Display interval: single years or every five or ten years
3. Chart type: line graph or table
4. Time period: First and Final year of results shown.

And the results they would like to see. Users can selectto view for one or more sub-populations in females,
males, or females + males combined: the Spectrum-STI trend estimate, the corresponding 95% confidence
interval, the statistical line of best fit and/ or the adjusted prevalence data points.

2\ Configure - Syphilis prevalence, (% of 15-4... O X
First year Final year Sex
1990 2025 5 @ Male + Female
v
Male
Show all populations
Show confidence intervals ' Female
[ show best fi Display interval
[[]show data points 9 Single year
I Five year
Ten year
Chart type
@ Line 2d
| Table
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Tips:

Cl for each parameter.

e Graphs tend to get overcrowded if “Show confidence intervals” and “Show data points” are both
selected. We would recommend selecting one or the other.

e The Median estimate is the most appropriate estimate to use when presenting Spectrum-STI
results. It is the median within the estimated 95% confidence intervals.

e  For populations groups estimated using one of the global default prevalence ratio (male to
female or high-risk to low-risk), the estimation results do not necessarily reproduce the
inputted/assumed global ratio. This is because Spectrum-STI samples and averages from the 95%

8.2 Incidence rate and incident cases

The incidence rate and number of incidentcases estimates take the same form as the prevalence estimates.
The only difference is that the incidence graphs to do not have the option of showing data points. Aswith the
prevalence graphs, users need to select (1) First and Last year, (2) sex, (3) display interval, (4) chart type, and
what they want to see in the chart (incidence for all populations, confidence intervals, best fit).

=\ Configure - Syphilis incidence (per 100,000 ... 0 X
First year Final year Sex
@ Male + Female
1991 v~ | 2025 v
O Male
Show all populations
[ show confidence intervals > Female
] show best fit Display interval
@ Single year
_) Five year
) Ten year
Chart type
@ Line 2d
_) Table

The first year of the projection is not available for display since the values cannot
calculated from the inputs because they are mid-year to mid-year.

[ o ]

2\ Configure - Number of incident Syphilis cas... O X
First year Final year Sex
@ Male + Female
1991 v 12025 v
) Male
Show all populations
[~]show confidence intervals - Female
[[]show best fit Display interval
@ Single year
_) Five year
") Ten year
Chart type
9@ Line 2d
7 Table

The first year of the projection is not available for display since the values cannot
calculated from the inputs because they are mid-year to mid-year.

[ 1]

8.3 Summary

The summary table provides an overview of the results, for one particular year, broken down by population
group for males and females, combined and separately. Besides the outputs also shown in prevalence and
incidence graphs, this includes the share of each group in overall national prevalence and incidence, and the

population size of each group.

33




9 References

1. Korenromp EL, Mahiané G, RowleyJ, Nagelkerke N, Abu-Raddad L, Ndowa F, et al. Estimating prevalence trends in adult
gonorrhoea and syphilis prevalence in low- and middle-income countries with the Spectrum-STI model: results for
Zimbabwe and Morocco from 1995 to 2016. Sex Transm Infect. 2017;sextrans-2016-052953. doi: 10.1136/sextrans-2016-
052953.

2. Mahiane SG, Laeyendecker O.Segmented polynomials for incidence rate estimation from prevalence data. Stat Med.
2017;36(2):334-44. Epub 2016/09/28. doi: 10.1002/sim.7130. PubMed PMID: 27672002.

3. Korenromp EL, Mahiané SG, Nagelkerke N, Taylor M, Williams R, Chico RM, et al. Syphilis prevalence trends in adult
womenin 132 countries —estimations using the Spectrum Sexually Transmitted Infections model. Scientific Reports.
2018;8(1). Epub Jul 31. doi: 10.1038/s41598-018-29805-9.

4. Korenromp EL, Rios CY, Sabogal Apolinar AL, Caicedo S, Cuellar D, Cardenas Cafion IM, et al. Adult syphilis, chlamydia and
gonorrhea prevalence and incidence, and congenital syphilis incidence in Colombia, 1995-2016 —estimates using the
Spectrum-STI model. Pan-American journal of Public Health. 2018;42:e118. doi: 10.26633/RPSP.2018.118.
http://iris.paho.org/xmlui/handle/123456789/49457.

5. Kularatne R, Niit R, Rowley J, Kufa T, Peters RPH, Taylor M, et al. Adult gonorrhea, chlamydia and syphilis prevalence,
incidence, treatment and syndromic case reporting in South Africa: estimates using the Spectrum-STI model, 1990-2017.
PLoS ONE. 2018;i 13(10): e0205863.

6. Korenromp EL, Zhang W, Zhang X, Ma Y, Jia M, Luo H, GuoY, Zhang X, Gong X, Chen F, LI J, Nishijima T, Chen Z, Taylor
MM, Mahiané G, Rowley J, Chen XS. 2020 The Spectrum-STI Groups model: syphilis prevalence trends across high-riskand
low-risk populations in Yunnan, China. Scientific Reports, 10(1):5472.

7. Nishijima T, Win Htin KC, Shwe YY, Gurung A, Mahiane G, RowleyJ, et al., Korenromp-EL. Syphilis, gonorrhoea, and
chlamydia prevalence in womenin Fiji, Federated States of Micronesia, Papua New G uinea and Samoa, 2000-2017 --
Spectrum-STI model estimates. W. Pacific Surveillance & Response, 2020 in press.

8. NewmanL, Rowley J, VanderHoorn S, Wijesooriya NS, Unemo M, Stevens G, et al. Global estimates of the prevalence
and incidence of four curable sexually transmitted infections in 2012 based on systematic review and global reporting. PLoS
One. 2015;10(12):e0143304. Epub Dec 8. doi: 10.1371/journal.pone.0143304.

9. RowleyJTF, Van der Hoorn S, Korenromp E, Taylor M, et al. Global Estimates of the Prevalence and Incidence of Four
Curable Sexually Transmitted Infections in 2016. Bull World Health Organ 2019;97:548-562. doi:
http://dx.doi.org/10.2471/BLT.18.228486.

10. World Population Prospects 2017 [Internet]. 2017 [cited 16 November 2017]. Available from:
http://esa.un.org/unpd/wpp/.

11. SabinK, Zhao J, Garcia Calleja JM, Sheng Y, Arias Garcia S, Reinisch A, et al. Availabilityand Quality of Size Estimations of
Female Sex Workers, Men Who Have Sex with Men, People Who Inject Drugs and Transgender Womenin Low- and
Middle-Income Countries. PLoS One. 2016;11(5):e0155150. Epub 2016/05/11. doi: 10.1371/journal.pone.0155150.

12. Ham DC, LinC, Newman L, Wijesooriya NS, Kamb M. Improving global estimates of syphilis in pregnancy by diagnostic
testtype: A systematic review and meta-analysis. IntJ Gynaecol Obstet. 2015;130 Suppl 1:510-4. Epub 2015/05/13. doi:
10.1016/].ijg0.2015.04.012. PubMed PMID: 25963909.

13 Smolak A, RowleyJ, Nagelkerke N, Kassebaum N, Chico RM, Korenromp EL, et al. Trends and predictors of syphilis

prevalence in the general population: Global pooled analyses of 1103 prevalence measures including 136 million syphilis
tests. Clin Infect Dis. 2017;Nov 9. doi: 10.1093/cid/cix975.

34


http://iris.paho.org/xmlui/handle/123456789/49457
http://esa.un.org/unpd/wpp/

Annex 1: Spectrum-STI Global Prevalence Database

The Spectrum-STI global database has been populated with prevalence data from 1980 to 2018. The data
includedin the database come from studies using an internationally recognised diagnostic test with adequate
performance characteristics on urine, urethral, serum or cervico-vaginal specimens conducted among:

e Populations considered representative of the general adult population. This includes: pregnant
women, women at delivery, women attending family planning clinics, adults in household surveys,
and military recruits;

e Men who have sex with men (MSM);

e Commercial female sex workers (FSW);

e In addition, for syphilis for countries with very few data points from populations considered
representative of the general adult population routine national blood donor screening were included

[1].

The data in the database come from a variety of sources including:

e  WHO STI database of general population prevalence surveys in low-risk adult men and/or women
compiled for the 2005,2008, 2012 and 2016 global and regional STI estimates [2-4];

e Syphilis prevalence data reported to the Global AIDS Monitoring (GAM) system [5]. Prevalence data
for ANC women are based on the GAM data set as of December 2017 and include data from sentinel
surveys in pregnant women attending ANC care and routine programmatic screeningin ANC. The data
for MSM and FSW are based on the GAM data set as of August 2018 and are from surveys.

e WHO global status reporton blood safety and availability which includes national blood donor
screening results for syphilis [6];

e Institute of Health Metrics and Evaluation (IHME) syphilis prevalence database compiled for the 2015
Global Burden of Disease study [7];

e Systematic reviews of

o STl prevalence among pregnant women in antenatal care in sub-Saharan Africa [8]

o Curable STIs in pregnant women of low- and middle-income countries [Williams, in prep]
o Gonorrhea prevalence in the Middle East and North Africa[Smolak, in prep]

o Chlamydia prevalence in the Middle East and North Africa[9]

e Data compiled by the 10 countries that have used Spectrum-STI to generate national estimates as of
September 2018 (Zimbabwe [10], Morocco [11, 12], Mongolia [13, 14], Colombia [15], Georgia [16],
South Africa[17], China [18], Papua New Guinea, Fiji, Samoa and The Federal States of Micronesia
[19]);

e Other data brought to the attention of the Avenir Health team (e.g., national HIV/syphilis household
surveys conductedin 2016-2018 in Zimbabwe, Uganda and other African countries with support of
the USA CDC and PEPFAR [20]).

The codes used in the database for the different population groups are summarized in Table A1.1
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Table Al.1 Population groups and codes for prevalence data

Population type Pop. code
ANC Survey 1
ANC Routine screening 2
Survey LowRisk Women 3
Survey LowRisk Men 4
Survey LowRisk Men+Women 5
BloodDonor Screening Women 6
BloodDonor Screening Men 7
BloodDonor Screening Men + Women 8
FSW 9
PWID-Female 10
MSM 11
PWID-Male 12
Clinic attendees, Women 20
Community, Women 21
Community, sexually active, Women 22
Community, sexually active, HIV-negative, Women 23
Military, Women 24
Mixed groups / Unknown, Women 25
Ob/Gyn clinic attendees 26
Pregnant women, community (outside ANC) 27
Students/young, Women 28
Students/young, sexually active women 29
Workers, Women 30
Prisoners, Women 31
Wives of PWID 32
Clinic attendees, Men 40
Community, Men 41
Community, sexually active, Men 42
Community, sexually active, HIV-negative, Men 43
Military, Men 44
Mixed groups / Unknown, Men 45
Students/young, Men 46
Students/young, sexually active, Men 47
Workers, Men 48
Prisoners, Men 49

OtherHighRisk-Women1

OtherHighRisk-Women?2

OtherHighRisk-Men1

OtherHighRisk-Men2
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Annex 2: Technical Annex

A2.1 Prevalence: Statistical Methods
A2.1.1 Syphilis: Logistic regression

The prevalence (p,) was assumed to vary as a function of time following the formula:
exp (a + ft)

Pe = 1+ exp(a+ ft)

The parameters « and 8 were estimated by minimizing the function:

L=ijj (ﬁj logptj+(1—ﬁj)log(1—ptj)) Eq 1
where pjis the observed prevalence at time t; and w;is the weight (typically the sample size) associated with
the correspondingsurvey j.

A2.1.2 Syphilis: Polynomial segmented regression for incidence

This model is based on the relationship between incidence (i), prevalence and recoveryrate (r):
@ _ 1 -4, —
il i1l—p) —p Eq 2

and assumes that the incidenceis a second order polynomial by intervals, i.e. there exists k > 1, t; ... t;,
@y, vy Ay b, ey by, and ¢y, ..., ¢ such that i(t) = a;+b,(t — t)) + ¢, — t,)?> =0 for all tin (¢, ¢, ).

Parameters were estimated using Eql in which p, is replaced with the solution of Eq2.
A2.1.3 Gonorrhea and Chlamydia: Moving average

Time trends in prevalence were fitted using the formula:

A

m=§ Eq 3

Where:

i ét = Z?:?:; Z115:1 ﬁsj Wsj Vsj, Et = Z?Z‘tlg Z}5:1Wsjvsj
t, is the earliest year with available prevalence, t,,,, is the year with the latest prevalence survey, J¢ is
the number of surveys conducted during year s, p; is the standardized prevalence, vy; are the weights of
the respective data points; and wy; are temporal weights given by: wy; = exp (|t - s|log (d)).

e ‘d’is an annual dilution factor that weighs the contribution of each data point to the estimation for other
years than the study year (years before and after the study year, throughout the period from first to last
data point). The dilution factor is assumed to be a fixed proportion for each additional year away from the
estimated year (default value of the dilution factor is 20%).

A2.1.4 Uncertainty intervals

The 95% uncertainty or confidence intervals for each population group for all three infections account for (a)
variability in prevalence observed in survey data, and (b) modelling error.

Prevalence trend estimation was applied to the bootstrapped data, using the same weights as in the initial
analysis. The same seed was used for each bootstrapping iteration, so that prevalence estimates were
correlated. This process was repeated 400 times (or an alternative, user-defined ‘number of boot samples’,
specified under Configuration). The median bootstrapped prevalence was considered the best estimate and
the 2.5% and 95% percentiles of bootstrapped prevalence were used as 95% confidence intervals (Cl).
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Variability in prevalence observed in survey data

For each study, the test-adjusted prevalence, p (in the range Oto 1) was simulated using a beta distribution
and adding an error term to the parameters of the beta distribution.

Specifically, we assumed that prevalence data fromJ surveys, p;,j = 1 ...Jwere available (. LetN; and n;,j =
1...J denote the sample size and number of tested positive used to estimate p;. For simplicity, let us assume
that the test used to identify infected individuals is perfect. Let P; be the maximum likelihood estimation
ofp; j=1..].We have P, = ;—iand var (F]") = %}Pi), and, asymptotically P; follows a Gaussian
distribution.

This indicates that, for the purpose of estimating the uncertainty interval, the prevalence p; can be simulated
following a Gaussian distribution of mean 15] and variance var(pj). Nevertheless, a Beta distribution was used
rather than a Gaussian, as the sample sizes are typically not large in which case a Gaussian distribution can
yield negative prevalence estimates. Because we have estimates of the expectation and of the variance of E,
we can estimate the parameters of that beta distribution using the method of moments.

The test-adjusted prevalence of each data point p;, was thus simulated following a beta distribution

. . . R . o ?i(-p)) . .
p ~,8(aj,bj) with expectation E(P*) = p; and variance var(P*) = ———, where N is the sample size, the
~ 'y
parameter rp; is itself simulated using the relation log (1 ;*) = log (117—;) + &7, in which p; is the fitted
—Pj —Pj

prevalence (from observed data set) and the errorterm e]-* sampled following a uniform distribution on the set
of observed residuals (on the logit scale) with the same (unscaled) weight. Of note, we could have focused on
log (E) and derive its variance using the delta method. However, that technique also relies on the asymptotic

theory.
A2.2 Incidence: Methods

For gonorrhea and chlamydia, and for syphilis when prevalence trends are estimated using logistic regression,
incidence estimates for each population group are derived from the prevalence trend estimates. When syphilis
estimates are generated using the segmented polynomials for incidence approach both prevalence and
incidence estimates are generated directly.

A2.2.1Estimating incidence: gonorrhea, chlamydia and syphilis (logistic regression)

Spectrum-STI assumes that the incidence hazard or density (among uninfected people)is constant in each
consecutive interval of length 1 year, starting from the first projection year. If the incidence hazard or density,
i, and the duration of the STl disease episode, D, are constant in the interval (t,, t, + 1), then forall t in that
interval, the prevalence (p) satisfies the equation:

p@® = #+ (p(to) - #) exp(=G + )t —t,)) Eq 4

wherer =1/D.

Spectrum-STI solves this equation for i piecewise every year, after setting t = t, + 1. From this incidence
hazard, the correspondingincidence rate ‘IR’ per capita for each group is calculated as:

IR =i(1 —p), Eq 5

where p is the prevalence.

A2.2.2 Uncertainty intervals

For incidence estimates the 95% Cls on incidence bounds reflectboth the uncertainty (estimated by bootstrap)

in prevalence, and an additional uncertainty on the duration of infection, set at + 50%.
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