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Estimating National HIV Prevalence in Malawi from Sentinel
SurVeillance Data: Technical Report

Executive Summary

A technical working group organized by the National AIDS Commission (NAC) has used
the latest sentinel surveillance results for 2003 10 estimate national HIV prevalence 10
Malawi using internationally n:oommendcld methods; antenatal clinic data lind 1h~

'modeling computer software Estimation and Projection Package (EPP) and Spectrum.
This report describes the methodOlogy, assumptions and results of that work.

The estimated-lliY/AIDS. prevalence in adults (15 to 49 years) in Malawi in 2003 is
14.4%, with a range from 12 to 17%. The.analYsis indicates that levels ofHIV infection
in the adult population of Malawi have rematned constant for the last seven years. The
level of HIV infection among adults in urbiln areas is over 20 percent. HIV prevalence is
about twice as high in the South as in.the North and Centre.

The stable prevalence at 12 to 17 percent does not mean the HlV/AIDS problem has gone
away. Every year at least 80,000 people' are dying from AIDS and as many as 110.000
new infections occur.

There are some hopeful signs. The infection level among young women (15-24 years old)
attending antenatal clinics (ANC) in Lilongwe has declined from about 26 percent in
1996 to 16 percent today. For all ANC attendees (15A9) in Lilongwe the level of
infection has declined from 26 percent in 1998 to 17 percent in 2003.

Unfortunately. the indications are nof positive elsewhere. Infection levels are above 10
percent in all sentinel sites except some mral sites in the Central Region. HIV prevalence
is very high, 20-35 percent, in Blanly11:, Mzuzu City and several semi-urban sites.

The total number of people infected with HIV is estimated to be between 750,000 and
one million people in 2003. This figure includes 60.000 - 80,000 children under the age
of 15 who are infected One-third of those infected live in urban areas and two-thirds in
rural areas.

The implications of the epidemic are very serious. They include:
• Over 840 000 children under the age of 18 are orphans. with 45% due to AIDS.
• The death rate;. for adults 15-49 has bipled since 1990.
• The flUmber of tubel'Cll1osis £lISes is three times higher than it would be without

AIDS.
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'The adimates also indicate that the need for expanded services is IlII'gC. For example,
• 170,000 people are in need ofanti-retroviraI therapy.

.• An even 1lII'gCr number need voluntary counseling and testing to learn their HIV
status.

• Almost 950,000 orphans and wlnerable children need support.
• About 500,000 pregnant women need good antenatal care including HIV

counseling and testing. About 80,000 need anti-retroviral therapy to prevent
passing the infection to their newborn children.
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Introduction

Sentinel surveillance systems for HIV are designed to provide information on trends to
policy makers and program planners. The data are useful for understanding the
magnitude of the HIV/AIDS problem in certain geographic areas and among special
populations and for monitoring the impact of interventions. These data can also be used
to prepare estimates of national HIV prevalence suitable for advocacy purposes and
district planning. This paper describes the approach used in Malawi to develop an
estimate of adult HIV prevalence.

The estimate and report were prepared during a worl(shop organized by the National
AIDS Commission l

. Participants represented the NAC, Ministry of Health and
Population (MOHP), National Statistical Office, Family Health International. MACRO,
College of Medicine, UNAIDS, University of Malawi, Department of Human Resources
Management and Development, CDC, USAID and was lead by the USAID-funded
POLICY Project. This work has built on previous workshops in 19992 and 200IJ that
prepared estimates for those years. The work has also benefited from new models
produced by UNAIDS Reference Group on Estimates, Models and Projections'.

To support the UNAIDS and WHO new approach of in--eountry development of national
HIV prevalence estimates for inclusion in the biennial Report on the Global HIV'AIDS
Epidemic, particular attention was given to capacity development among the participating
agencies. The workshop was organized to include "hands on" training in the
methodology and process used to develop the estimates, particularly the modeling
computer software Estimation and Projection Package (EPP) and Spectrum.

The HIV sentinel surveillance system in Malawi is implemented by the MOHP and the
NAC. Data are analyzed for syphilis and HIV infection among antenatal clinic (ANC)
clients. HIV surveillance has been conducted at Queen Elizabeth Central Hospital in
Blantyre since 1985. In 1994 a system of 19 sentinel sites was established. Sites were
selected to represent the urban, semi-urban and rural areas as well as the nonhern, central
and southern regions. Results lTom all rounds of surveillance were used in this analysis
up to and including 20035

•

, National AIDS Commission. Report ofa workshop to prepare all estimme ofIIariolllJl HIV prewlmce ill
Malawi. October 21-23, Lilongwe Hotel, Lilongwe.
, National AIDS Control Programme and the POLICY Project. Estimating Nmional H/V Prevalence ill
Malawi from sentinel Surveil/aIIceDma. September 1999.
3 National AIDS Control Programme and the POLICY Project. £>timating Nmional HIV Prevalence in
Malawifrom Selltillel Surveil/aIIeeData. May 2001 .
• UNAIDS Reference Group on Estimates, Modelling and Projections. "Improved methods and
assumptions ofthe HIV/AIDS epidemic and its impact Recommendations of the UNAIDS Reference
Group on Estimates, Modelling and Projections" AIDS 2002. 14,W1-W 16.
, National AIDS Commission. H/V Sentinel Surveil/anee Report ZOO]. National AIDS Commission,
Ministry of Health and Population, Centers for Disease Control and World Health Organization. 3 October
2003.
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The estimate of HIV prevalence among all adults aged 15-49 rests on the assumption that
prevalence among pregnant women attending ante-natal clinics is similar to prevalence
among all adults, including both men and women, in the general population. Various
community surveys in sub-Saharan Africa have shown that this is true. As a result
UNAIDS recommends that ANC prevalence can be used to represent prevalence among
all adults in generalized epidemics such as in Malawi. Additional details, including data
from the community surveys, are given in Appendix A.

Methodology

The workshop participants implemented seven major steps to prepare the national
estimate.

l. Curve fitting. The Estimation and Projections Package (EPp)6 was used to fit
epidemic curves to the prevalence data for each sentinel site. These curves smooth
the annual fluctuations inherent in such data and provide a picture of the entire
course of the epidemic from the start to today and can be used to project a short
time into the future. In some cases the model provides a good fit to the
surveillance data and the curve can be used without further modification. In other
cases participants used their best judgment to determine the shape of the
prevalence curves. Details of the curve fining methodology and results are
presented in Appendix B.

2. Adjusting for geograpblc distribution. Sentinel sites do not exist in all districts
of Malawi. Therefore for each district one of the 19 sentinel surveillance sites
was selected to represent the urban population ofeach district and one was
selected to represent the rural population. This procedure is described in more
detail in the next section.

3. Estimating tbe size of tbe adult population. The report of the 1998 census
(/998 Population.and Housing Census. Report ofFinal Census Results. National
Statistical Office, Zomba, December 2(00) provides the total urban and rural
population in each district in 1998 and 1987 and the population growth rates
between the censuses in 1977, 1987 and 1998. These data are used to estimate the
size of the urban and rural population in each district by year from 1982 to 20 IO.
The growth rate is assumed to remain constant, at the 1987-1998 value, after 1998
in ail but seven districts. In Dedza, Ntcheu, Mangochi, Thyolo, Mulanje.
Chikwawa and Nsanje the regional average growth rate is used for 1998-2010
because the 1978-1988 growth rates were judged to be abnormally low due to
migration. The population 15-49 by district is calculated from the proportion of
the total population that is 15-49 in the 1998 census.

• The EPP program is available free of chlllJ!C. The program and manual can be do\\lIloaded ftom !he
internet at www.unaids.orx. .
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4. Estimating the number of adults infected in each district. The number of
people infected with HIV in each district is estimated separately for the urban and
rural populations and then summed. For both the urban and rural populations the
number of people infected is calculated by multiplying the number of people
between the ages of 15 and 49 by the estimated .and projected HIV prevalence for
the chosen surveillance site.

5. Estimating national adult "IV prevalence. HIV prevalence among adults is
calculated by dividing the number of people infected with HIV by the size of the
population between the ages of 15 and 49.

6. Estimating the range of uncertainty.)1lere are many sources of potential error
involved in preparing these estimates. Prevalence estimates at ANC sites have an
error of plus or minus 5 percentage points for rural sites with sample sizes of
about 200 women to plus or. minus 3 percent in urban sites with sample sizes
around 800 women. There are uncertainties iri rmding Ihe besl fining curves for
each site and in equating prevalence from ante-natal clinics to the general adult
population. Another source of error of unknown size is the use of 19 sentinel sites
to represent the entire country. The assignment of sentinel sites to each district
was based on the best judgment of the participants during the 200 I prevalence
estimation workshop. UNAIDS has recommended that the error range around
national estimates in generalized epidemics with good surveillance systems. such
as Malawi, is plus or minus 20 percent'. This figure was applied to the point
estimate of prevalence to generate the range around that estimate.

7. Calculating additional indicaton of interest. The final step was to use the
estimate of adult HIV prevalence over time to calculate additional national
indicators of interest such as overall infections, the number of child infections.
new infections each year, AIDS deaths, life expectancy, orphans and tuberculosis
cases. These indicators are projected using the Spectrum' program which
combines the prevalence estimate with patterns describing other epidemiological
characteristics (such as the distribution of infection by age and sex, the mother-to­
child transmission rate, the survival time from infection with HIV and the effect

.of HIV on fertility) and with a full demographic projection. Additional details of
the Spectrum projection are given in Appendix C.

7 UNAIDSlteferem:e Group on Estimates, Modelling and Projections. "Improved methods and
lSSumpuons of the HIV/AIDS epidemic and its impact: Recommendations oflhe UNAIDS Refemtee
Group on Estimates, Modellingllld Projections" AIDS 2002. t4:WI-WI6.
• Spectrum is a system ofpolicy AIOdels thaI includes modules for making demographic and HIV/AIDS
projections. II has been developed by the USAID-funded POLICY Project. The model and manual can be
downloaded froin the website of the Eutures Group at www.FuturesGroup.com
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Assigning sentinel sites to represent districts

Malawi has 28 districts. It would be impossible to eslablish an uroan and rural sentinel
site in each district. Therefore, the prevalence in the uroan and rural population in each
district is represented by one of the 19 sentinel sites. For each district a sentinel site was
chosen to represent the urban population and a site to represent the rural population. This
selection was done on the basis of geography and similarity of key characteristics. The
characteristics considered are shown in Table I. A similar exercise was conducted during
the 200 I national estimate workshop. Participants slarted with the assignments from 200 I
and considered whether any changes were required. Suggested assignment changes were
minor, in the interest of consistency for monitoring trends, a final decision was made that
sentinel site represenlation should stay the same as that used in 200 I.

Table I. Characteristics used in assigning sentinel sites to represent districts

Ge rcl hic roximit
Socio-cultural factors (practices. rites)
Development levels (infrastructure. schools. shops. etc.)
Access to major transportation routes (main highways. lake. railroad)
Economic aspects (agriculture. estates. commercial centers. cross-border
trade)
Migration (migrant farmersllaborers. cross-border migration. economic
opportunity)
Sexual networks
History
HIV revalence of surveillance sites

Table 2 shows the districts and the sentinel sites that were chosen to represent them.
The reasons tor the assignments are presented in Appendix D. In sorne cases. no single
site was appropriate to represent a district. In these cases two sites were selected and the
average prevalence of the two sites was used.
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Table 2. Districts and sentinel sites used to represent them

Note: Where two sites are listed, such as Milepa-Mianga, the average prevalence in the
two sites is used.
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Results

The results of applying this methodology to the sentinel surveillance data are shown for
2003 in Table 3. Adult HN prevalence is 14.4% with a range of 12-17"10 in thC country
as a whole and 23.0% (19-28"10) in urban areas. The total number of people infected is
between 750,000 and 1,080,000.

Table 3. Estimates ofHN infection in Malawi in 2003

! i I
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I· ­
IIII,r
I
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Indicator Value
National adult prevalence ("""15-4::......:..:9=.L)__"""14..:..:..4.:...%:,::

Number of infected adults 760,000

Number of infected adult women 440,000
Urban adult prevalence 23.0%
Rural adult prevalence 12.4%
Number of infected rural adults 530,000
Number of infeCted children (0-14) 70,000
Number infected over age 50 60,000

Total HIV+ ~::::la:::.tio:;;.n.::....- -=900=,OOO=

Low
12%

630,000

370,000
19%
10%

440,000
60,000
50,000

750,000

High
17%

910,000

530,000
28%
15%

640,000
80,000
70,000

1,080,000

Figure I shows the adult IllY prevalence over time in the country as a whole and in
urblm and rural areas. Prevalence for the entire country increased ntpid\y from the late
19808 to the early 19908. By the middle of the 19908 prevalence stabilized and bas
remained roughly constant since. It is expected to remain at about the same level for the
·next few yars if current conditions continue. Expanded implementation of prevention
interventions, however, could change this projection and lead to declining prevalence in
the future.

Figure 2 shows prevalence by region. Prevalence is clearly higbest in the Southern
Region where it is about double the level in the Centre and North. The exact pattern of
prevalence increase by region before 1994 is uncertain since there is very little
surveillance infonnation for that period and many sites that started in 1994 bad already
reached stable prevalence. Therefore, curves with different shapes before 1994 would fit
the surveillance data equally well.
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Figure 1. Estimate of DatiODai adDlt prevaleace by place or resideDce
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This methodology produces estimates of the number of people infected by district (Table
4). These estimates should be used with caution since in many cases they are based on
prevalence from sites in other districts. However. they do give some indication of the
level of infection by district.

Table 4. Estimates of adults 15-49 infected with mv by "district, 2003

North
Chilipa
Karonga
Rumphi
Nkhata Bay
Mzimba
Mzuzu City
Likoma
Centre
Kasungu
Nkhotakota
Ntchisi
Dowa
Salima
Lilongwe Rural
Lilongwe City
Mchinji
DOOza
Ntcheu

75,000 South
7,000 Mangochi

16,000 Machinga
6,000 Balaka

10,000 Zomba Rural
22,000 Zomba Municipality
13,000 Chiradzulu

1,000 Blantyre Rural
216,000 Blantyre City

21,000 Mwanza
10,000 Thyolo

9,000 Mulanje
21,000 Phalombe
24,000 Chikwawa
29,000 Nsanje
63,000
12,000
16,000
12,000

475,000
54,000
32,000
22,000
41,000
13,000
18,000
29,000
99.000
12,000
46.000
42.000
17,000
33,000
17.000

Additional indicators describing the magnitude and impact of the epidemic are shown in
Table 5. At least 80,000 people are dying each year from AIDS as a result of past
infections. That number will increase in the coming years as a result of new infections
that are occurring today. The mortality impact is large among adullSlIge 1549 wbere the
annual number of deaths is 250% higher than it would be without AIDS. This high level
of mortality has produced a sharp rise in the number of children who are orphaned.
Currently the number of orphans from all causes may be at least 840.000. with 45% due
to AIDS. Almost 950.000 orphans and vulnerable children need support. The high level
of mortality has also reduced Ii fe ellpectancy at birth to about 40 years. It would be about
56 without AIDS in 2003.

14



Table S.lndic:ators oftbe impact of tbe epidemic in 2003 and 2010 assuming no
reduction in mv prevalence

Annual number ofAmS deaths 87.000 96.000'

Life expectlUtcy with and without AIDS 40/56 43i59

.'
These estimates imply high levels of need for services as shown in Table 6. About
170.000 people have a need for care arid treatment including the treatment of
opportunistic infections associated with AIDS and anti-retroviral therapy. Over 500,000
women give birth each year. They all need access to HIV counseling and testing to
detennine their HIV status. If all women were tested. about 80.000 would need
Nevirapine or other anti-retroviral treatment to prevent the transmission of the infecnon
to their child.

Table 6. Indicaton oftbe need for services 2003 and 2010 assumin& no reduction in
mv prevalence

,.
"

NWnberofpec;plen~l1d~~
including anti-retroviral therapy

170,000 190,000

•

•......•.••!li
.- - .....

N....w~HIV+~rttwomenuedblglJlti. 80,000 89.000
.Df#t~~~~tl'atWnittingHlV to their
dijfd
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Evidence of behavior change In Lilongwe

The annual estimates of prevalence at sentinel surveillance sites fluctuate from yar to
year depending on random variation due to small sample sizes. A prevalence estimate
that is lower in 2003 than in 200I does not necessarily indicate that prevalence has
declined. It could be due to random variation. This is the pattern seen in most sites.
Furthermore, prevalence can decline simply because many infected people are dying. The
rapid increase in the number of new infections in thC late 19805 IIBd early 19905 means
that the number of deaths is increasing rapidly today. This will naturally lead to a small
decline in prevalence in some sites.

In Lilongwe, however, the pattern is different Prevalence for the entire sample in
Liloogwe; bas declined from 26% in 1998 to 17% in 2003 (Figure 3). While some oflhis
is undoubtedly due to a high death rate, prevalence has also declined lIIlU'kedly among
young people in Lilongwe. Prevalence among pregnant women aged 15-24 years
attending the antenatal clinic in Lilongwe declined from 26% in 1996 to 16% today. This
is strong evidence that behavior has changed among young people in Lilongwe.
However, further investigative research is necessary to ascertain this observation IIBd to
characterize the behaviour change. Unfortunately we do not see a similar pattern
elsewhere.

16



Figure 3. mv prfllalence alDODg pregaut womeD atteDdiag the aDte-.atal diIIic: iD
LiloDgwe ...

Prevalence among pregnant women attending the ante-natal
clinic in Lilong_ by age

30%,--------------------------,

25%

20%

15% ..... 1-""15-49
1-. 15-24

Rapid rise of prevalence in Nsanje

The sentinel surveillance data from Nsanje merit special attention. Since 1997 prevalence
has increased from 21% to 33% in 2003, with prevalence over 300,{, in 2001 as well. This­
is. the highest-leVel recorded anywhere in Malawi. VcrY little is known about why this is
happening. There is an urgent need to investigate this further to find out what is causing
the rapid rise to such high levels and what can be done to prevent future infections. It also
indicates that the area around Nsanje will need special attention for care and treatment in
the coming years.
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Appendix A. Using Data from Ante-natal Clinics to Represent
HIV Prevalence Among All Adults 15-49

WQmen attending antenatal clinics differ from the general adult pllpulation. They are all
sexually active and have at least sc>me unprotected sex. Furtherroore, studies 'from several
African sites have slIDWD that WQmen with HIV have IQwer fertility than thQse withQut
infectioo; meaning that they are less likely ro visit antenatal clinics. As a result, ANC
data tend ro lDlder-estimate prevalence among women. 1bese data a1sc> slIDw, however,
that male prevalence is lower than female prevalence. For the 15-49 age group, these
differences tend ro cancel each other. As a result, prevalence among pregnant women is a
good indicator ofprevalence among all adults 15-49, withQut adjustment. Figure 4 shows
this compariSQD fQr several sites with data on both popuIatiQDS. (This conclusion is only
valid fm the pclPuiation 15-49. For sc>me sub-pclPuiations, such as 15-19, there are
significant differences in prevalence between pregnant women and all adults.)

Figun: S sOOws age-specitic lev¢1s for Kisumu, Kenya. It compares age-specific
prevalence from the ANC in 1998 with data from a community survey conctueted by the
MuIti-Centre study of Kisumu. It sOOws that ANC data tend ro lDlder-estimate female
prevalence, except at the youngest ages. The under-estimate is due ro the supptessing
effect Qf HIV infection on fertility. At the youngest ages, the fact that all ANC attendees
are sexually active raises ANC prevalence relative ro all females at that age. The ANC
data over-estimate male prevalence, except in the Qver 30 age groups. For the lOOIl
pclpU1ation, ANC data over-estimate prevalence below age 25 and under-estimate over
age 25. For the entire 15-49 age group these differences cancel out. As a result, ANC
prevalence is a reasonable estimate of rotal prevalence among males and females aged
15-49.
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Figure 4. ComparilOD of mv prevaleaee amoDl preput WomeB ud aU adlllts
aged 15-49

.Anle-nalal clinic .Community

HIV Prevalence Among Pregnant Women and All Adults 15-49

o 5 10 15 20 25 30

Yaounde, Cameroon-1998

Kisumu, KenYa_1997IiiEii5~~:! ••"".-Kamnga, Malawi-l998-2000

Kagera, Tanzania-1993

Kagera, Tanzania-l996

Mwanza, Tanzania-l990

Fort Portal, Uganda~95

Rakai, Uganda-1900-92

Chels1on, zambia-99

Chelston, zambia-95-96

Kapiri Mposhi, Zambia-99

Lusaka, Zambia-l994

Ndola, zambia-1997

Manicaland, Zimbabwe 1998-2000

Sources:
Yaounde: Glynn et aI. AIDS 200I.
Kisumu : Glynn et a1. AIDS 2001.
Karonga: Crampin et aI. AIDS 2003.17 :1817-1825.
Kagera : Kwesigabo et aI. 2000.
Mwanza: Kigadyeetal. AIDS 1993, 7, 843-855.
Fort Portal: Kilianet 4/..1999.
Rakai : Wawer et al. AIDS 1997, 11, 1023-1030.
Chelston: Fylkenses et al. 1998 and Fylkenses et aI. 2001.
Kapiri Mposhi : Fylkenses et aI. 1998 and Fylkenses et a1. 200I.
Lusaka: Fylkenses et al. AIDS 1997, 11, 339-345.
Ndola : Glynn et al. AIDS 200I.
Manicaland : Gregson et al. 2002.
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15-19 20-24 25-29 3G-39 40-49

8ounle: Kebindo, M.. Nymg. J., Cbcge, J. "MuItic:entre study On facton d I mjnjllilbe
4iffereatiaI1pIeId ofmY in A1iica - Prelinrinery results ofthe Kisumu study site- 2Dd
NaIioaaI Coo'itiite OIl mY/AIDS in Kciiya, 28-30 October 1998, Nairobi, Kciiya and
...dj,w:! dIDl ftom Ibe National AIDS and STDs Control ProgiIiWDe, Nairobi.
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Appendix B. Curve Fitting

For most sites, surveillance data are available annually from 1994. For some sites data are
available for years prior to 1994. The average sample size: is about 800 in urban sites, 500
for the semi-urban sites and about 200 for rural sites. To smooth the fluctuations resulting
from small sample sizes, a curve is fit to the sentinel data. The curve indicates the trend
through the available data points. Values from these curves (rather than the actual
sentinel site point estimates) are used to estimate national prevalence.

The curve fits were done using a model prepared by the UNAIDS Reference Group on
Estimates, Models and Projections, called the Estimation and Projection Package (EPP).
EPP is a simple epidemiological model that produces the basic epidemic curve shapes
found in most HIV epidemics. The model structure is shown below.

;

New entrants

I
! ~

Not at risk
AI risk

(susceptible)

~
Non-AlOSdeath

!
Non-A10S death i

Infected

~
Non-A10S death

AIDS death
. .. ..

The populauon tS tmually divtded mto two parts, those who are not at nsk of HIV
infection and those who are at risk. People would not be at risk if they are not sexually
active, if they have only one partner who has no outside partners, or if they successfully
use condoms all the time. New entrants are children reaching the age of 15. They can
enter either population group. Some of those who are at risk will become infected and
progress to AIDS death. All population groups are subject to this risk of dying from
causes other than AIDS.

The dynamics of this model are described by four parameters:

• to - The initial year of the epidemic.
• r. - The initial proportion of the population that is in the at-risk category.
• r - The force of infection. This governs the rate at which people in the suscepullle

population become infected.
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• 1- A parameter that affects the distribution ofnew eo1raDts to the not at-risk arid
at-risk categories.

The model is defined as follows:

Z = at-risk population
X = not at-risk population
Y= infected
N=X+Y+Z

dXdi = (1- f(X / N».E, - pX

dZ- = f(X / N).E, - (p + rY / N + ,)Z
dt

dY .,
- =(rY / N +,)Z - 1(rY. / N. +,.)Z•.g(t-x)dx
dt 0

where f(X / N) is the fraction of those individuala &It&iua the adu1t pnpahdor (Ai)
who enter the at-risk group Z, and is given by

11 = the non-AIDS death rate
l= 1 for the first year of the epidetilic arid 0 for all other years

g =function de;lCl'ibing the proportion progreasing to AIDS death ~y the nlllDll« of
, '

r years since HIV infection

The population not at risk (X) is increased by new entrants arid re<t,"wI by noo-AIDS
deaths (jlX). The population at risk (Z) is increased by new entrants arid reduced by noo­
AIDS deaths and new HIV infections (rYIN). The infected popuIation (Y) is iuc.easeci by
new infections (rYIN and \) arid ilec:reased by progression to AIDS death.

The function j{XIN) determines the propottion of new entrants to the adu1t~
that enter the at-risk population. Initially this PiOportion is Bet by/0. AA the ep;<Jemic
progresses those in the at-risk category become infected with HIV and die. Since the
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death rate will be higher in the at-risk category .1haJ1 among those not at risk, the
proportion of the population at risk will gradually decline. nUs will produce a prevalence
curve that rises to a peak value and then declinw rapidly to low levels. In many
epidemics, however, prevalence stabilizes at or near its peak value. This can be simulated
by directing more entrants to the at-risk category as the proportion of the population in'
the at-risk category declines. The parameter +determines the size of this effect At high
values of+new entrants will join the at-risk category in large enough numbers so that the
proportion of the total population in the at-risk category remains nearly constant When +
is zero the proportion of entrants going to the at-risk category does not change from its
initial value. Negative values of+cause the proportion of entrants to the at-risk category
to drop as AIDS deaths increase.

These equations can produce a prevalence curve that can fit a wide variety of epidemic
shapes by adjusting the four parameters: to, fo, r, and pbI.

EPP uses this model to find prevalence curves that fit available surveillance data. The
parameter I! (the non-AIDS death rate) is estimated for each country from the population
estimates and projections of the United Nations Population Division. The progression to
AIDS death (g) is assumed to be constant throughout the projection. It is a weibulI
function that has been fitted to available information on survival times. The progression
pattern used in EPP is discussed below.

New entrants to the adult population at time I, E, are calculated from the births of HIV

negative children B,__1S occurring 15 YltlIf'S previously and the probability of surviving to

age 15, J. The number ofbirths is simply the birth rate multiplied by the size of the adult
population. However, some children will be born infected. We assume that they do oot
survive to age 15. Thus the number of children born without HIV infectiOll is determined
by calculating births to HIV-negative adults (b(X+Z» and HIV-negative births to HIV­
positive adults (b'V(I-v) where v is the perinatal~.ion rate and b' is the birth rate
adjusted for the reduction in fertility caused by HIV infection, E-

E, =B/__ll .J

B'__ll =b.[X,oll +Z,_ll +(I-v)·&·y,oul

This approach is implemented in the EPP model by assuming that the JlIIllUI1dcrS I
(survival to age 15), b (birth rate), & (fertility reduction caused by HIV), v (perinBIa1
transmission rate) and the distribution g (progression from infection to AIDS deaIh) are
fixed. The initial values of the population size, survival to age 15 and the birth rate are
derived from the population estimates of the United Nations Population Division.

EPP searches for the best values of the four remaining parameters .. (start year), r.
(fraction at-risk), r (force of infection and pbl (adjustment for AIDS deaths). The best
values are defined as those that produce the prevalence curve that best fits the
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surveillance data. The best fit is determined by minimizing the sum of the squared errors
(the differences between the model curve and the surveillance estimates in each year).

An example of fitting a curve10 surveillance data using EPP is shown in Figure 6 for
Gawanani Rural Hospital in Machinga District. The projection of these curves to 2012 is
meant to indicate the future situation, if past trends continue. These projections are not a
prediction of what we expect to happen, since we expect that prevention programs will
eventually lead to a reduction in HIV prevalence.

FIgure 6. Curve Ot to surveillance data for Ga"anaDI Rural Hospital

Example of fitting an EPP curve to surveillance dllta from
G_ananl
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These curves have been fit to the data in all 19 sites. In most cases the EPP pro8Jlll1l is
able W determine the best fitting curve. In some case$ this does not happen and the curve
is fit manually. Many of the manual curve fits were required because there are few sites
with data points describing the early phases of the epidemic. In these cases the model
could not determine when prevalence reached at plateau.

Table 7 shows the parameters used to fit each site. The value of r. represents the
proportion of the population at risk of infection early in the epidemic. The value of phi
indicates to what extent people with high risk behaviors who die from AIDS are replaced
by others adopting high risk behaviors. High values of phi, above SO. indicate a high
degree of replacement. Low values, near zero, indicate very little replacement. The r
value is the force of infection. It determines how steeply the epidemic rises during the
explosive phase. Since r depends on r.. it is not possible to compare these values of one
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site with another unless they have the same value ofr.. The start year of the epIdemIc IS
indicated by to. It is set to 1982 in almost all cases.

Table 7. Curve Fit Parameters by Sentinel Site

Note: The last column indicates "Model" if the best fitting model curve was used and
"Custom" if the parameters values were modified from those of the best fit

The curve fits for the individual sites by region are shown in Figure 7 below
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Ji1pre 7. Prevaleaee earves fit to eaeh seadael site by regloa
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HIV Prevalence at Sites In the South
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Appendix C. Spectrum Projections

The IDV prevalence estimates have been used with the Spectrum model 10 project the
consequences of these figures. Two modules of Spectrum have been used, DemProj and
AIM. DemProj projects the population by age and sex and displays a full range of
demographic indicators while AIM calculates the number of people infected with HIV,
AIDS cases, AIDS deaths, AIDS orphans and other consequences of AIDS.

The demographic projection is based on the census of 1977, 1987 and 1998. The
population by age and sex in the belle year (1982) is from the population projection
reported in "Malawi Population Census, 1977, Analytical Volume, Vol. U.~ The basis for
the other demographic inputs is a1OlJows:

Total fertility rate and age distributien of fertility:
1982: FBJPiIy Formation Survey, 1984
1984: Family Formation Survey, 1984;
1991: Demographic and Health Survey
1998: 1998 Census
1998-2010: Population and HOUIingC_ 1998, Analytical Report, Population
Projectioas

Life expeelaocy witbout AIDS:
1982-1998: "Malawi Population census, 1987, Analytical Report, Volume VII.~

1998 : 1998 CeDlIWI
1999-2000: Same rate ofinm:ase a life expectancy asumption in the national
population projections from Population and Housing Census 1998, Analytical Report,
Population Projections

ModelHfe table: Coale-Demeny South.

Sex ratio at birth: Calculation based on 1998 census.

International migration: The effect of international migration is assumed 10 be zero. The
projection begins in 1982, before the Mozambique refugee immigration/emigration of
1986· 1995.

The IDV/AIDS assumptions were derived as follows:

Adult IDV prevaJence: from this report

Start year ofepidemic: assumed to be about 1982 since the first AIDS cases were
identified in 1985.
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Incubation period: Following UNAIDS recommendations the median time 110m infection
to AIDS death for adults is assumed to be 9 years (8.6 years for males and 9.4 years for
females). For children a faster progression to death is used9

•

The age distribution of HlV prevalence: Calculated 110m surveillance data for females
"Sentinel Surveillance Report 1998" Table 8. For males the ratios are calculated 110m the
distribution of reported AIDS cases, "AIDS Cases Surveillance I998 Report" adjusted
five years younger to account for the lag 110m HIV to AIDS.

The results of the Spectrum projections are shown in Tables 8 and 9.

Table 8. mV/AIDS indicators for adults 15-49, 1982-2007

!f,wiii_Ii1m:t::r;::.::;,;t'jlk~i; ilii;;;t_~~" '2002 '" ";2007
HIV population

·i:\{i:%;tro:rJl]!!;:t~t::f~§wl;..,;;r$S75G.lQ8
Males 0 30,015 163,141 272,798 316,875

;;@;WI""]'6 Iw_:1tf~~;~1;(i'1ii~~4:l3~aa.i43o;nl
Prevalence 0.0 L6% 9.3% 14.3% 14.4%

:lIiJ~~_II:§:::::~: ::::::::::~:~l3lMl~t~I;::11WI~ :j~~1t@~fi~i¥ffi:~I~fiI:~'

Total 0 21,944 88,536 71,491 76,760 90,309

__~1;;::.~4I4';~Q$••~;/~£.19i@~~i3.~
Females () 10,401 51,045 41,079 42,490 50,940

~_"'~f;j!.i$,%·/J;~;:!.:t..A.
NewA'IDScam
_____Jillt_i::_i

M/lIes .0 412 4,648 16,594 24,415 27,006
.... li*t~l$D:~t1.R.;

Aamiat AlDSdeadis
_____ ltW_'!!"~1l.4~r

'M/lles 0 159 3,040 13,758 23,211 26,158
~ wm-.';i4W~gh;~1_

, UNAIDS Reference Group on Estimates, Modelling and Projections. "Improved methods and
assumptions of the HIVIAIDS epidemic and its impact: Recommendations of the L'NAIDS Reference
Group on Estimates, Modelling and Projections" AIDS 2002. t4:WI-WI6.
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Table 9. HIV/AIDS indicators for children under 15, 1982-2007

mvpopw.tion
Wittr_Ji®it'r4WitmJ @~..)~.. .;'

Males 0 1,198 11,698 2&,075 35,633 39.318
mtl",giMli1t€i~m.J.~Jx _
New mVinfections

'fi!l:ii!lll!iTht!:t!l%lrii!!ilfl J@!!!!!'m!!;.1111_1__'
Males 0 773 6,118 11,518 12,879 13,603

New AIDS cases

LIt.i!I!!:
Males

il!~!;

li!;lfi!N'I'~%!I)I!I!l~.lmlt~lll!••l;'~llt~~;
o 114 2,385 7,297 9,840 10,593

!ll!!:!~~4111;i;i?£l:rij; it*;••5 ;;11,14.2
Annual AIDS deaths

'1'~' .. ...... ;"I'Er '.'. "·.;m"'fiI:.~t~;\,~t;S5.

Males 0 169 2,336 1,186 9,722 10,484
Fe~ ·.. ·.2.437 .'. "'1~14 {+¥~~; 'iU.&M
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Reasons for assigning sites to districts

,District I Urban Site I Rural Site

North
Chitipa Kaporo Mbalachandra-Kaporo

Geographic proximity; similar Mbalachandra: Similar
in size, culture & development proximity to & cross-border
level activity with Zambia

Kaporo: Similar in culture &
proximity to & cross-border
activity with Tanzani.

Karonga Nkhata Bay Kaporo*
Similar in culture, social-
economic activities; cross-
border trade

Rumphi Rumphi* Mba1achanda
Similar in culture, agricultural
activities & level of
develooment

Nkhata Bay Nkhata Bay* Mbalachandra-Kaporo
Mba1achandra: Geographic
proximity; similar in culture,
agricultural practices &
economic activity
Kaporo: Similar lake-related
economic activities

Mzimba Rumphi Mbalachanda*
Similar in size, population &
level of economic & social
activity l

MzuzuCity St. John's HOSllital*
Likoma Nkhata Bay-Kaporo Nkhata Bay-Kaporo

Similar to both sites in culture, Similar to both sites in culture,
population size & lake-related population size & lake-related
economic activities; frequent ~C!Conomic activities; frequent
contact with Nkhata Bay 'contact with Nkhata Bay

Central
Kasungu Mchinji Kamboni*

Similar in culturellanguage,
agricultural practices,
commerce & road networks

Nkhotakota St. Anne's Hospital* Kamboni
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District Urban Site R..... Slte
Similar culture & agricultural
practices

Nlchisi Thonje-Mchinji Thonje
Thonje: Similar in Similar in development level,
developmenllevel, schools & .schools & recreational
recreational aClivities activities
Mchinji: Similar in culture,
agricultural practices &
commerce

Dowa Mchinji Thonje·
Similar urban area, commerce
& along busy transportation
route,

Salima Nkhotakota-Mchinji Kamboni-Thonje
Nkhotakota: Similar in Kamboni:
culture, religion & lake-related Similar in culture &
activities agricultural activities
Mchinji: Similar 1bonje: Similar in
transportation route, development level &:
commerce activities &: culture recreational activities
for western halfofdistrict

ILilongwe Lilongwe Central Hospital· Kasina
Similarly very rural; similar in
culture, social & agricultural...
acUVlUes

Dedza . Nlcheu
Similarly localed on border
along same highway, similar
in agricultural & trade
activities & economic

Kasina
Similarly rural; similar in
culture & agricultural
activities

i I mllUlltOn
Ntcheu Nlcheu· Kasina

ISimilarly rural; similar in
culture & agricultural

Iactivities
: Mchinji Mchinji· Kamboni
I

Similar in culture, level of,
I
! development, agricultural

activities
:,
South
Mangochi Mangochi· Gawanani
Machin2a Man20chi Gawanani ,

Balaka ManKOChi-Ntcheu Gawanani
Zomba Blantvre Gawanani-Milepa .
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DIstrict UrbaD Site RlU'II1 Site
Chiradzulu Mulanic Milepa
Blantyre - QECH Milepa- .
Mwanza Mchinji Gawanani

SimillU' in cross-bordcr tndc
& proximity to urban center

Thyolo Mulanjc Mianga
SimillU' alZri-cstates

Mulanjc Mulanjc* Mimllll
Chikwawa Nsanje Milcpa-Milllllga

Geographical proximity; ,

simillU' in cultute
Nsanic Nsanjc* Milepa-Mi\anga
Phalombe Mileoa Milepa
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