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ABSTRACT 
 

The trends in the evolution of HIV/AIDS epidemic in Kenya has been tracked through annual 
sentinel surveillance in antenatal clinics since 1990. Behaviors have been measured through 
national Demographic and Health Surveys in 1993, 1998, and 2003. The surveillance data 
indicates that prevalence has declined substantially starting in 1998. Nationally, adult prevalence 
has declined from 10% in the late 1990s to under 7% today.  
 
In the analysis, the 2009 Estimation Projection Package (EPP) and Spectrum Packages 
customized using Kenya’s data from VCT, ART, and PMTCT programmes were entered into the 
EPP. Next entered into the EPP/Spectrum were birth rate, survival rate, adult mortality and 
population growth rate. EPP was used to fit epidemic model to the data yielding trend curves for 
the two sub groups: males and females.  Next, the prevalence and incidence projections produced 
by EPP were imported into Spectrum which generated final trends and calculated the number of 
people living with HIV, new HIV infections, and AIDS related deaths.  
 
From the results, the number of people living with HIV was increasing. This is due to the 
positive growth rate in the population. The prevalence trends increased to a pick value before 
decreasing steadily to the current values. The new infections of adults aged 15-49 constantly 
increased. This too is due to the ever increasing overall population in Kenya. The incidence rates 
decreased due to the interplay between several factors including the effects of ART and PMTCT.  
 
In conclusion, there is need to scale up the roll out of the PMTCT and sensitization programmes 
on awareness as there is evidence that these would greatly serve to bring down the prevalence 
and incidence rates to the desired zero rates. 
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CHAPTER ONE 

 

1.0 INTRODUCTION 

This report looks at the trends in HIV incidence and prevalence structured in five chapters. First 
chapter entails introduction, the second chapter brings out the processes and the steps followed in 
generating the HIV estimates and trend curves. The third chapter highlights the methodology 
used in defining the epidemic and population groups, the tools applied, and details out the 
various inputs in terms of programme coverage, demographic projections and epidemiological 
assumptions. The fourth chapter focuses on results. The analysis is done based on the key 
indicators such as national adult HIV prevalence, the number of HIV infections, and the 
distribution of HIV infections by sex and age group. Additionally, estimates of HIV incidence, 
number of deaths due to AIDS related causes, and estimates of women requiring prevention of 
mother to child transmission (PMTCT) services were determined. Finally, the last chapter dwelt 
on conclusion and recommendations on way forward in the fight against HIV/AIDS. 

1.1 Background of the problem   

Kenya has a number of sources of information on HIV prevalence levels and trends. Three 
national surveys, the Kenya Demographic and Health Survey of 2003 (KDHS 2003), the Kenya 
AIDS Information Survey 2007 (KAIS 2007) and the Kenya Demographic and Health Survey of 
2008/9 provide good estimates of national prevalence for those three years and the trend between 
those years. Antenatal clinic surveillance has been conducted since 1990. ANC surveillance 
provides information on trends at surveillance sites particularly in the period before the first 
survey in 2003. The new estimates for 2011 are based on the three national surveys and 
surveillance data through 2011. (NACC 2012). 
 
The prevalence rates provide important information that enables planning for national response, 
evaluation of programme impact, and measurement of progress on the National HIV/AIDS 
Strategic Plan. The understanding of the distribution of HIV within the population and the 
analysis of social, biological, and behavioral factors associated with HIV infection provide new 
insights on the HIV epidemic in Kenya that may lead to more precisely targeted messages and 
interventions. (KDHS 2008-9). 

1.2 HIV Prevalence by age 

Results from the 2008-9 KDHS indicate that 6.3 percent of Kenyan adults aged 15-49 are 
infected with HIV. HIV prevalence in women age 15-49 is 8.0 percent, while for men aged 15-
49, it is 4.3 percent. This female-to-male ratio of 1.9 to 1 is higher than that found in most 
population-based studies in Africa. Young women are particularly vulnerable to HIV infection 
compared with young men. For example, 3 percent of women age 15-19 are HIV infected, 
compared with less than one percent of men age 15-19, while HIV prevalence among women 20-
24 is over four times that of men in the same age group (6.4 percent vs. 1.5 percent). Rates 
among women and men begin to converge as age increases, except for the unusually high level 
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among women age 40-44; prevalence among men rises gradually with age to peak at age 35-39. 
HIV prevalence is higher for women than men at all ages except for the 35-39 age groups.  
 

1.3 Statement of the problem 

HIV/AIDS remains to be one of the greatest present scourges facing mankind globally. The 
trends in HIV incidence and prevalence are determined by the interplay between several factors 
such as the effects of gender, age-groups, risk groups, ART, and PMTCT among others. In 
Kenya, many preventive measures based on these factors have been put in place to address the 
HIV/AIDS pandemic. Despite these measures, the HIV incidence and prevalence is still high 
compared to rates in the developed countries. There is therefore a need for precise information on 
the nature of trends given the past and present preventive measures so as to inform better 
planning and accurate evaluation of the impact of these preventive interventions and the general 
progress in the fight against HIV/AIDS - hence the study. 
 

1.4 Research Questions 

1. What are the trends in HIV/AIDS prevalence and incidence in Kenya over the last 20 years? 
2. What will be the projected trends in HIV/AIDS prevalence and incidence in Kenya over the 
next 5 years? 
 

1.5 Objectives 

1.5.1 Main Objective: 

To determine the trends in HIV/AIDS prevalence and incidence rates in Kenya between the year 
1993 to date and the projected rates in the next 5 years given the interventions and suggest a way 
forward in the fight against HIV/AIDS.  
 

1.5.2 Specific Objectives:   

1. To determine which factors have influence on HIV/AIDS prevalence and incidence in Kenya 
 2. To determine the trends in HIV/AIDS prevalence and incidence over the last 20 years 
3.  To determine the projected HIV/AIDS prevalence and incidence rates over the next 5 years. 
 

1.6 Significance and Justification of the Study 

Knowledge on the nature of trends in HIV/AIDS prevalence and incidence rates provides useful 
information that can be used in designing the best preventive measures to curb its further spread. 
The best preventive measures then leads to reduced cases of deaths and sicknesses arising from 
HIV/AIDS thereby ensuring an active and healthy population that works efficiently for the socio-
economic growth of the nation. 
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1.7 The Scope of the Study 

The study encompasses the entire population of Kenya as a Country. 

1.8 Limitations 

The use of models to determine the projected trends in HIV prevalence and incidence rates may 
not be very accurate. This is because most models do not capture changes in the prevention 
efforts such as the programmes that result in reducing the number of sexual partners or increased 
condom use as they are difficult to accurately quantify and their impacts are difficult to model. 
These prevention programmes are thus not reflected in the estimates and projections. The values 
in this report reflect the situation if our prevention efforts remain constant over the next five 
years. 
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1.9 Conceptual Framework 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

Figure 1: Conceptual Framework  
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CHAPTER TWO 

2.0   LITERATURE REVIEW 

 

2.1 Meaning of HIV prevalence and HIV incidence 

HIV prevalence is a measure of the proportion of people who are living with HIV in a given 
population at a particular point in time. Prevalence is typically measured in cross-sectional 
surveys. It is a useful measure for understanding the total burden of disease and for planning care 
and treatment needs. HIV incidence is the number of new HIV infections that occur in a given 
population over a given period of time. Incidence is usually expressed as a number or percentage 
of infections that occur over a given period of time. Knowing the current incidence of HIV in a 
population provides information on how fast the virus is spreading through a population. 
Measuring HIV incidence is much more complex than measuring prevalence. (UNAIDS, 2009) 
 

2.2 Importance of the information on HIV incidence trends 

According to global report UNAIDS, 2008, information on HIV incidence trends is vital for 
many reasons.  
 
First, HIV incidence trends promotes better understanding on to how the epidemic is progressing 
and whether current interventions are having any impact on the spread of infections. In addition, 
information on HIV incidence trends helps in focussing intervention programmes to where they 
are needed most.  It is important to know where and amongst which populations or group the 
recent HIV infections have occurred, as this will help refine and focus HIV prevention 
interventions. HIV incidence data can provide such information. In contrast, HIV prevalence data 
include the total of everybody living with HIV regardless of when the infections occurred. The 
people currently becoming infected with HIV, the patterns of new HIV infections and the risk 
factors may be different now from what was happening a year or more ago. 
 
Similarly, HIV incidence trends help us understand the risk factors in the HIV transmission. 
These may be proximal (direct, e.g. low condom use or high use of contaminated needles) or 
distal (indirect or underlying, e.g. limited access to condoms, counselling/information or needle-
exchange services). More insights into current risk factors for HIV transmission can be gained if, 
in a particular survey, investigators can identify which are recent (incident) cases and link this to 
information about assumed proximal and distal risk factors so as to determine the relative 
importance of those risk factors in transmission dynamics. 
 
Finally, HIV incidence trends help us assess the effect of the interventions. A particular HIV 
prevention programme has had a positive impact if we can measure and demonstrate reductions 
in Modes of HIV transmission. The HIV epidemics in most of eastern and southern Africa are 
mature and generalised epidemics. Additionally, most of the southern African countries in this 
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region have been classified as having ‘hyper endemic’ HIV epidemics, where HIV prevalence 
amongst 15-49 year olds is 15% or higher. However, whilst the trends in prevalence of HIV in 
the general population and sub-populations is measured on a regular basis in most countries in 
eastern and southern Africa through a combination of population based surveys and sentinel 
surveillance of pregnant women at antenatal clinics, HIV incidence is not routinely measured. 
Hence, there is a dearth of HIV incidence data in the region. The main reasons for the lack of 
incidence data are the challenges with measuring or estimating incidence.   
 
According to Stover John (2009), a key aspect of the policy process is recognizing that a problem 
exists and placing that problem on the policy agenda. Trends in HIV/AIDS projections can 
illustrate the magnitude of the AIDS epidemic and the demographic, social and economic 
consequences. This illustration also can show policymakers the impacts on other areas of 
development and the size of the impacts that could be expected without effective action. 
HIV/AIDS projections are also needed to plan the response. For example, AIM can project the 
number of people needing antiretroviral therapy at a given time, which can serve as the basis for 
planning expanded access to treatment. It can be used to estimate the number of orphans in order 
to develop support programs.  
 

2.3 Methods to estimate trends in HIV incidence  

According to the global report UNAIDS, 2008, there are three main methods through which the 
evolution of HIV incidence can be traced, namely by cohort studies, mathematical models or 
laboratory assays.  
 

2.3.1 Trends in HIV incidence through cohort studies 

Cohort studies involve a specific group of people being followed up over time (longitudinal 
follow-up), tested for HIV at regular intervals, and their HIV status recorded. The rate of new 
infections over time in the study group can then be determined directly.  
 

2.3.2 Trends in HIV incidence through mathematical models 

Mathematical models are used to trace the incidence from age-specific prevalence rates, and 
estimating HIV incidence from repeat cross-sectional population-based surveys.  
 

2.3.3 Trends in HIV incidence using laboratory assays (tests) 

Laboratory assays generated from tests on dried blood samples are used to differentiate between 
recent and established infections. The data obtained can then be used to trace the trends in HIV 
incidence. 
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2.4 Using models to estimate HIV incidence rates 

According to global report UNAIDS, 2008, mathematical and statistical models have been used 
to produce trends curves of incidence from prevalence data. Over time, as our knowledge of the 
HIV epidemic has increased, these models have become more reliable. Indirect strategies for 
estimating HIV incidence include the combination of the Estimating and Projection Package 
(EPP) and Spectrum mathematical modeling software tools used to generate the epidemiological 
estimates reported annually by UNAIDS. EPP/Spectrum combines available HIV surveillance 
data with data from programmes for antiretroviral therapy and prevention of mother-to-child 
HIV transmission to calculate HIV prevalence, HIV incidence, AIDS mortality, number of AIDS 
orphans and HIV treatment needs. 
 
Another mathematical model that has been developed uses successive rounds of national cross-
sectional HIV prevalence data to estimate HIV incidence by age in the general population 
(Hallett et al., 2008). Still other dynamic models have been developed to generate HIV incidence 
estimates (Williams et al., 2001; Gregson et al., 1996). 

 Trends in HIV prevalence among young people are less subject to changes over time due to 
mortality and the effect of antiretroviral therapy than are the trends in prevalence among people 
of all ages. Therefore, trends in prevalence among antenatal clinic attendees aged 15– 24 years 
old have been used to assess trends in incidence in countries with a high prevalence (UNAIDS, 
2008).  Similarly, differences in age-specific prevalence in national surveys have been used to 
assess trends in incidence (Shisana et al., 2009). The ‘incidence by modes of transmission’ 
approach, developed by the UNAIDS Reference Group on Estimates, Modeling and Projections, 
estimates the number of new infections in a given year. Unlike the previously described methods, 
the mode of transmission analysis does not aim to identify incidence trends over time. The model 
assumes that the risk of infection for any individual is a function of the HIV prevalence among 
partners, the number of partners and the number of contacts with each partner, with additional 
weight given to the presence or absence of sexually transmitted infections and to circumcision 
status. The model allows for estimates of new infections to be developed by population and 
transmission source. The ‘incidence modes of transmission’ model is already proving useful in 
detecting dissonance between national prevention programmes and epidemiological patterns. 
(UNAIDS, 2008). 

 Population-level HIV incidence can be calculated from repeat cross-sectional population-based 
surveys. Changes in the prevalence of HIV in a population are dependent on the incidence of 
HIV, the mortality rates of those infected and whether there is out- or in-migration. In theory, 
therefore, incidence rates could be calculated from repeat cross-sectional population-based 
studies in which HIV prevalence is determined, and where mortality and migration rates are 
known. (UNAIDS, 2008) 
 
 There have been a variety of methods proposed to estimate HIV incidence from measures of 
prevalence but none has been widely used, either because of the restricted applicability of the 
methods or because of the complexity of the approach. A mathematical method can also be used 
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to determine incidence in the population of young people aged 15-24 years using HIV prevalence 
data in this age group. This approach is based on the assumption that very few 15 year olds are 
HIV positive. (UNAIDS, 2008) 
 

2.5 Using the Epidemic curves and the Spectrum model to generate the trends 

in HIV 

The epidemic curve produced by EPP is entered into the Spectrum Projection Package to 
generate estimates of national HIV prevalence, incidence, mortality and treatment needs. In 
addition to the input from EPP, the Spectrum model is based on assumptions about the 
epidemiology of HIV in the country, including the ratio of female to male prevalence, 
distribution of HIV infection by age, the survival distribution from HIV infection to treatment 
eligibility and to death, and the effect of HIV on fertility. In addition, data are required on adult 
and child treatment coverage and on PMTCT services and infant feeding practices. In order to 
make projections on the impact on the overall population, we need reliable information on 
population size and age structure, rates of birth, fertility, death and migration and estimates of 
how these rates change over time. These demographic projections can be directly obtained from 
the UN Population Division database which can be accessed in Spectrum. (UNAIDS, 2008) 

 

2.6 Generalized Epidemics  
According the UNAIDS 2008 global report, this is how a six-step process works for 
projections in countries with a generalized epidemics. 

 
 

 

 

 

  

 

 

 

 

 

Figure 2: Overview of generalized epidemics. Source: UNAIDS 2008 global report on 
HIV/AIDS. 
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2.7 The Aids Impact Model (AIM) 

According to Stover, John (2009), the AIDS Impact Model is a computer program for projecting 
the trends in the impact of the AIDS epidemic. It can be used to project the future number of 
HIV infections, AIDS cases, and AIDS deaths, given an assumption about adult HIV prevalence. 
It can also project the demographic and social impacts of AIDS. These projections then can be 
used in graphic policy presentations intended to enhance knowledge of AIDS among 
policymakers and to build support for effective prevention and care. AIM requires an assumption 
about the past and future course of adult HIV incidence and treatment coverage. Assumptions 
about other HIV/AIDS characteristics can also be entered for such variables as the survival 
period from HIV infection to AIDS death, the age and sex distribution of new infections, and the 
perinatal transmission rate. A demographic projection (DemProj) must be prepared first, before 
AIM can be used. DemProj is one of the Spectrum systems of policy models used to make the 
demographic projection. The demographic projection is modified by AIM through AIDS deaths 
and the impact of HIV infection on fertility. The Epidemiology section of AIM calculates the 
number of HIV infections, AIDS cases, and AIDS deaths.  

2.8 Strengths and limitations of models for estimating HIV incidence 

 The main advantage to using models is that HIV incidence estimates can be made for large 
populations including regions, countries and provinces/states with reasonable levels of 
confidence. Provided the required input data are available, models are relatively straightforward 
to use, and they are not costly to implement as they require no primary data collection. 
Mathematical models do, however, require skilled personnel to run, calibrate and interpret the 
model results. (UNAIDS, 2008) 
 
The biggest drawback to applying these models is that, often, not all the data required for the 
models are available, are not representative or are not of sufficient quality. In some cases the 
model is not sensitive to regional dynamics (e.g. the UNAIDS incidence model does not include 
a separate category for persons with concurrent sexual partners), and the model also allows the 
use of data from different years if not available from the same year. However, the model could 
be adapted to specific regional needs should the required data be available in the region. Except 
for the Asian Epidemic Model (which requires extensive data over time) and demographic 
models such as Spectrum, some models do not provide a comprehensive picture over time. Even 
if the model is run in consecutive years, it would need new data every year in order to produce 
estimates over time. Levels of uncertainty around how reliable the model assumptions are in 
different settings also adds to the uncertainty in regards to the model outputs (UNAIDS 2008). 
 
Small variations in any of the inputs in the spectrum data can affect the population size years 
later. Perhaps the most important difference is that the UN Population Division estimates may 
use a different HIV prevalence trend than the one you are using in Spectrum. In that case, the 
population projected by Spectrum may not match the UN Population Division estimate or the 
latest census estimate. Variations in the age distribution of mortality or migration can also cause 
small difference in the population size today. If this problem occurs you can get a better match to 
the census population by adjusting some of the inputs to the demographic projection. Changes to 
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the fertility rate, life expectancy, the model life table chosen and the migration inputs can help to 
fine tune the projection. Changes to the HIV prevalence curve could also make a difference 
(Stover John, 2009). 
 
A particular challenge to the use of models is the roll out of ARVs, which is changing survival 
times. In response to this, some models are now building in the capacity to input and process data 
on the extent of ARV roll out. Finally, incidence estimates from models are made only for the 
general population or for specific subpopulations. Unlike data from cohort or certain laboratory 
testing strategies, the data from modelling exercises cannot be used to investigate associations 
between risk factors and HIV transmission at the individual level (UNAIDS 2008). 
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CHAPTER THREE 

3.0 RESEARCH METHODOLOGY 

 

This section focuses on research design, target population, data sources, and data analysis. To 
allow comparisons across results obtained with different methods, we restricted the analysis to 
adults aged 15–49 years.   
 

3.1 Research Design  

The study adopted secondary research approach. Available literature on the current HIV/AIDS 
situation in Kenya and globally was reviewed. The review provided valuable information on the 
current situation of HIV/AIDS in Kenya as far as development of programs that can be clearly 
planned, executed and implemented in taming the HIV/AIDS incidence is concerned. The review 
also helped in selecting issues that are relevant and efficient for use in designing the research 
instruments. 

3.2 Target Population 

The study looks at the entire country of Kenya.  

3.3 Data sources 

The sources of data used in this study included document review on previous research report, 
published data, Global and Kenyan Government reports on HIV and AIDS - mainly secondary 
data. The secondary data used was sourced from Antenatal care clinic (ANC) surveillance, DHS 
2003, DHS 2008/9, and from the UNAIDS. Both the DHS and ADI Health related Indicators 
surveys shared comparable survey methodology and questionnaires, allowing for comparisons.  
 

3.4 Description of Data Analysis Procedure 

First, the estimates in this study were generated using 2009 Estimation Projection Package (EPP) 
and Spectrum Packages which are informed by the Global Reference Group on Estimates, 
Modeling and Projections, and customized using data from Kenya.  

The four – step – process applied in the methodology was as follows: First, the Kenya data from 
various categories were entered into the EPP. These categories included data from VCT, ART 
and PMTCT. The demographic parameters such as birth rate, survival rate, and adult mortality 
and population growth rate also entered into the EPP. Secondly, EPP was used to fit epidemic 
model to the data yielding trend curves for the two sub groups: males and females.  Next, the 
prevalence and incidence projections produced by EPP were imported into Spectrum to generate 
final trends and calculate the number of people living with HIV, new HIV infections, AIDS 
related deaths and treatment needs.  
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3.5 The Estimation Projection Package (EPP) procedure 

3.5.1 Epidemiological model used in EPP 

The model used in this study is as shown below: 
 
Source of model and equations: UNAIDS (2013). 

 
N = X + Y + Z             ……….. [1] 

Where 
 N = total population 
 Z = at-risk population, 

X = not at-risk population, 
Y = infected, 

  

XENXf
dt

dX
t µ−−= ))./(1(                     ……….. [2] 

ZtNrYENXf
dt

dZ
t )/()./( ++−= µ                       ……….. [3] 

∫ −+−+=
t

xxxx dxxtgZNrYZNrY
dt

dY

0

)(.)./()/( ιι                 ……….. [4] 

             

Where; 
• µ = the non-AIDS death rate, 
• g = function describing the proportion progressing to AIDS death by the number 

of years since HIV infection, 
• r  = the force of infection. Where a large value of “r ” will cause prevalence to 

increase rapidly while a small value will cause it to increase slowly, 

• f (X / N) = the fraction of those individuals entering the adult population (Et ) who 
enter the at-risk group Z,  

• ι  = the year of the epidemic. 
 
 
 
 

f (X / N) is given by; 
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φ

φ
       ……….. [5] 

 
 
Where; 

• t0 = the start year of the HIV epidemic 
• f0 = the initial fraction of the adult population at risk of infection.  f0 determines the peak 

level of the epidemic curve, and 
• Ø = the behavior adjustment parameter which determines how the proportion of new 

entrants in the adult population who are at risk of HIV infections changes over time. 
 
 
The population not at risk (X) is increased by new entrants and reduced by non- AIDS deaths 
(µX). The population at risk (Z) is increased by new entrants and reduced by non-AIDS deaths 
and new HIV infections (r Y/N). The infected population (Y) is increased by new infections 
( r Y/N and i) and decreased by progression to AIDS death. The function f(X/N) determines the 
proportion of new entrants to the adult population that enter the at-risk population. Initially this 

proportion is set by 0f  the epidemic progresses those in the at-risk category become infected 

with HIV and die. Since the death rate will be higher in the at-risk category than among those not 
at risk, the proportion of the population at risk will gradually decline. This will produce a 
prevalence curve that rises to a peak value and then declines rapidly to low levels.  
 
These equations produced a prevalence curve that can fit a wide variety of epidemic shapes by 

adjusting the four parameters:0t , 0f , r , and φ . EPP uses this model to find prevalence curves 

that fit available surveillance data. The parameter µ, the non-AIDS death rate, is estimated for 
Kenya through 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. 
 
New entrants to the adult population at time t, Et are calculated from the births of HIV negative 
children B- t-15 occurring 15 years previously and the probability of surviving to age 15, l. The 
number of births 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 not survive to age 15. Thus the 
number of children born without HIV infection is determined by calculating births to HIV-
negative adults (b(X+Z)) and HIV-negative births to HIV-positive adults (b’Y(1-v)) where v is 
the perinatal transmission rate and b’ is the birth rate adjusted for the reduction in fertility caused 
by HIV infection, ε. 
  

 lBE tt .15
−
−=         ……….. [6]  
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         ].).1(.[ 15151515 −−−
−
− −++= tttt YvZXbB ε                       ……….. [7] 

This approach is implemented in the EPP model by assuming that the parameters l (survival to 
age 15), b (birth rate), ε (fertility reduction caused by HIV), v (perinatal transmission rate) and 
the distribution g (progression from infection to AIDS death) are fixed. EPP searches for the best 

values of the four remaining parameters0t , 0f , r , φ . The best values are defined as those that 

produce the prevalence curve that best fits the surveillance data.  
 

3.5.2 The UNAIDS Maximum Likelihood Procedure 

EPP works by fitting the simple epidemiological model, shown in equation 1, developed by the 
UNAIDS Reference Group on Estimates, Modeling and Projections to observed surveillance data 
using a maximum likelihood method. The model uses multiple sets of values for these four 

parameters:0t , 0f , r , and φ to fit the data with similar likelihoods.  

The large inherent uncertainties in existing surveillance data, means that many possible 
parameter combinations could produce epidemic trends with approximately equally valid fits to a 
given set of data. The spread observed in these statistically similar curves gives one indication of 
the uncertainty in fitting the Reference Group model to observed data. Each curve represents a 
different level of the epidemic, but the overall temporal trend of rise and fall is the same. 

To make level fits, it was assumed that the national epidemic was being modeled by the sum of a 

number of curves for individual sites with different levels, iλ , that is, the overall regional 

epidemic curve, )(tp , is given by: 

∑=
i

i tptp )(~)( λ
 

Level fits assume that all surveillance sites in a region follow a similar pattern of rising and 
falling prevalence, but that the individual sites are at different prevalence levels, with some being 
high prevalence, while others low prevalence. Sites with long runs of data will contribute 

substantially to determining the shape of the underlying curve, )(~ tp , while the lower prevalence 

sites recently added with relatively short data runs will help in bringing down the overall regional 
prevalence level when they are summed to form the regional epidemic. 

Mathematically, EPP implements this by leaving the individual iλ as free parameters that are fit 

along with the usual Reference Group model parameters 0t , 0f , r , φ using a maximum 

likelihood method. During the fitting procedure within EPP a final value for iλ  for each site is 

calculated to maximize the likelihood function. These iλ  then say how high or low a given site 
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is above the average best fit prevalence curve. EPP then sums the levels for each site and applies 
them to the prevalence pattern automatically to give the overall prevalence nationally.  

3.5.3 Estimating adult HIV prevalence using EPP 

The following data sets were entered into the EPP to enable estimation and projection of HIV 
prevalence and HIV incidence in Kenya from surveillance data: the annual population for HIV+ 
men, the annual population for HIV+ women in Kenya, and the sentinel surveillance data from 
1993 to 2014 on HIV prevalence among antenatal care clinic (ANC) attendees. 

 The Estimation Projection Package (EPP) was developed to fit to multiple points with the four 

parameters0t , r , 0f , φ  which also describes the dynamics in the model used. 

When φ is negative, the people reduce their risk in response to the HIV epidemic and the curve 

shows a sharper HIV prevalence decline after the peak.  When  φ  is zero the proportion at risk 

remains constant and the prevalence declines after the peak. If φ is positive, risk actually 

increases over time and HIV prevalence falls less quickly or stabilizes at a high level. A positive 

value of φ  means that, risk actually increases over time and prevalence falls less quickly or 

stabilizes at a high level. When  φ  is zero, then the proportion at risk remains constant and the 

HIV prevalence declines after the peak as people die. If φ  is positive, risk actually increases 

over time and HIV prevalence falls less quickly or stabilizes at a high level.  

3.5.4 Estimating HIV prevalence for males and females aged 15-49 

The adult HIV prevalence for males and females was calculated from 1993 to 2014 by fitting an 
epidemiological model to HIV Sentinel Surveillance data for antenatal clinic attendees in the 
EPP. This is because antenatal clinic attendees are considered as proxy for the general 
population. It was ensured that data outliers were excluded as the sentinel surveillance data was 
fitted to an epidemiological model for generating adult HIV prevalence. 

3.5.5 Estimating numbers infected, new infections and AIDS deaths using the 

Spectrum. 

Source of Equations used:  
Chen WJ, Walker N. (2010), and Nybo Anderson, et al (2000) 
 
The number of adults 15-49 infected with HIV in any year is simply the number of adults 
multiplied by the HIV prevalence provided by EPP. 

 
HIV t = adult populationt x prevalencet    ……….. [8] 

 

New infections are calculated as the number of infections expected in year t minus the number of 
infections surviving from the previous year. Surviving infections are the number of infections in 
the previous year minus deaths occurring during the previous year. 
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New HIV infectionst = HIVt – (HIVt -1 – AIDS deathst -1,t – non-AIDS deaths to HIV+t -1,t) 
          ……….. [9] 
AIDS deaths are a function of the number of new infections in previous years and the rate of 
progression from AIDS to death. 
 

∑
=

t

i 1

]  deathi  togprogressin onx Proporti i-t infections New HIV [ =t 1,-deathst  AIDS

          ……….. [10] 
 
Child infections occur when an HIV positive mother passes the infection to her child during 
gestation or birth or after birth through breastfeeding. 
 

New child infectionst = HIV+WRAt x TFRt x (1-TFRreduction) x PTRt  
……….. [11] 

 
Where: 

HIV+WRA = the number of HIV positive women of reproductive age 
TFR = total fertility rate 
TFR reduction = the reduction in fertility caused by HIV infection 
PTR = the perinatal transmission rate 
  

3.5.6 Demographic input 

The demographic inputs to EPP include the proportion of male population, adult birth rate (15+ 
years), survival to age 15 (I15), adult mortality in 15+ (µ) and adult population growth rate. 
 

3.5.7 Generating gender-specific prevalence curves 

 
The HIV prevalence curves were generated by inputting HIV Sentinel Surveillance data to EPP. 
As a first step, prevalence curves were generated independently for males and females and 
subsequently, their curves were cumulated to form a prevalence curve for Kenya. 
 

Initial guesses were made using four parameters0t , r , 0f , and φ  for each adult HIV prevalence 

epidemic curve that was generated for males and females.  Using a maximum likelihood 
procedure, the EPP model fits curves to HIV epidemics by varying the four parameters.  
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CHAPTER FOUR 

4.0 RESULTS AND DISCUSSIOINS 

 

This section highlights the output, both graphical and tabular, from the analysis of HIV data. It 
gives the description of the nature of trends of each curve as well as the interaction of the curves.   
 

4.1 Trends and projected trends in HIV population and HIV prevalence 

The number of persons aged 15 years and above infected with HIV increased sharply from the 
year 1993 to to the peak in 1997 followed by a steady decline to date. The HIV prevalence for 
males, females and total showed a sharp increase to pick values before decreasing steadily todate 
as shown in figure 3. 

 
Figure 3: Trends in HIV population and HIV prevalence 

The projected trends in number of HIV+ persons aged 15 and above was estimated (using 
equation 8) within the spectrum which generated best values of the four parameters which was 
then used to plot the smooth curve shown in figure 4. The curve predicts a gradual decline in 
trend beyond the year 2014 through to 2019.  
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Figure 4: Trend in percentage HIV population (prevalence) for persons aged 15-49 years  
 
From figure 4 above, HIV prevalence increased rapidly from onset to its highest peak ever of 
10.8 percent. The peak year according to the estimates, adjusted using the DHS 2003 and DHS 
2008/9, (dotted line on the graph in figure 4) was in the year 1995. After the peak, the prevalence 
has been decreasing steadily to date giving the current prevalence at about 6.3%. The graph 
indicates that the projected prevalence will be fairly constant for the next few years. The graph 
also shows that the surveillance data was over estimating prevalence (see the “gr3 result” curve 
in figure 4 above). With the population parameters assumed (table 2), the final fitting parameter 
values used to project the HIV prevalence were caculated as shown in column 2 of the table 2 
below.  
 
Table 2: Results For National Curve fit in figure 2. 
Population parameters: Fitting parameters: Epidemiological parameters: 

b= 0.07933 r= 5.19828 Vert tran= 0.32 

l15= 0.84441 f0= 0.15197 Fert red= 0.7 

mu= 0.008 t0= 1972 alpha= 2 
gr= 0.0363 phi= 6.01199 beta= 13.2123 
% ale= 0.5 lnL= 42.3799   
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Figure 5: The uncertainity graph of HIV population for persons aged 15-49 years: the fit, the 
upper and lower bounds, and the resampled curves.  
 
Table 3: Results For Uncertainity Fit  in figure 5. 

Population parameters: Fitting parameters: 

Epidemiological 

parameters: 

b= 0.079327 r= 50 Vert tran= 0.32 

l15= 0.844413 f0= 0 Fert red= 0.7 

mu= 0.007999 t0= 1970 alpha= 2 

gr= 0.036301 phi= 100 beta= 13.21235 

% male= 0.5 lnL= -1     

 
From figure 5 above, the uncertainity gap in the estimates of HIV prevalence significantly 
decreased from the year 1993 to date. This is bacause of the DHS surveys and KAIS survey 
which are now available for calibrating the HIV surveillance data from tha ANCs in Kenya. With 
the population parameters assumed as shown in table 3, the final fitting parameter values, used to 
project the uncertainity in HIV prevalence were caculated as shown in column 2 of the table 3. 
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4.2 Trends and projected trends in new HIV infections 

 

 
Figure 6: New HIV infections by gender and total among persons aged 15-49 years. 

From figure 6, the trend in new HIV infections was found to decrease exponentially from the 
base year 1993 to date. The trend in males was fairly equal to that in females.  

The  EPP adjusted the gueses of the four parameter values to best estimates (fitting parameters, 
table 4) that produced the smooth curve (figure 7). New HIV infections for females first reduced 
steadily then gradually upto the year 2013. The decrease can be suggested by suggest the effect 
of ART, PMTCT, inceased condom use and increased awareness programs on fight against 
HIV/AIDS.  
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Figure 7: New HIV infections for all persons aged 15-49 years  
 
Table 4: Results For National Curvefit in figure 7.   

Population parameters: Fitting parameters: Epidemiological parameters: 

            
b= 0.079327 r= 14.95271 Ver tran= 0.32 

l15= 0.844413 f0= 0.11348 Fert red=  0.7 

mu= 0.007999 t0= 1972 alpha= 2 

gr= 0.036301 phi= 100 beta= 13.21235 

% male= 0.5 lnL= 52.68729     

 
 
The year 1988-1999 was the period when kenyan population was at highest risk of HIV infection 
which was about 2.7% persons infected per year (figure 7). The rate of occurrence of new 
infections increased sharply to the peak value before reducing sharply until the year 2000. 
Thereafter the rate of new HIV infections has been decreasing at a very low rate. The projected 
trend in HIV will continue to decrease at a slow pace beyond 2014 (figure 7). 
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Figure 8: The uncertainity graph of new HIV infections for persons aged 15-49 years: the fit, the 
upper and lower bounds and the resampled curves.  
 
Table 5: Results For National Curve fit in figure 8.   

Population parameters: Fitting parameters: Epidemiological parameters: 

b= 0.079327 r= 3.704207 Vert tran= 0.32 

l15= 0.844413 f0= 0.132785 Fert red= 0.7 

mu= 0.007999 t0= 1971 alpha= 2 

gr= 0.036301 phi= 32.31467 beta= 13.21235 

% male= 0.5 lnL= 35.1211     

 

 Figure 8 shows that the uncertainity gap in the estimates of new HIV infections greatly shortened 

especially from around the year 1993. The effect can be explained by the fact that  the DHS surveys 

and KAIS survey became more available and was used to adjust HIV surveillance data on new HIV 

infections  from tha ANCs data in Kenya.  
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4.3 Trends and projected trends in HIV population given the effect of PMTCT 

 

 
Figure 9: The number pregnant women needing and the number receiving  PMTCT. 
 
The results, from figure 9, indicates that the number of pregnant women needing PMTCT 
services was increasing until the year 1998 which was the peak year. This trend then started 
decreasing to date and will continue decreasing for the next five years.  
 
 

 
Figure 10: The number of new infections, in children, with or without PMTCT. 

The number of new infections without PMTCT was very high compared to the case with 
PMTCT which was  near zero values.  This indicates that the roll out of PMTCT was very 
effective in taming new infections among the new born babies.  
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Figure 11: The projected number of new infection, in children, with PMTCT. 

The trend in number of new child infections due to PMTCT increased reching its peak in the year 
1998 before declining steadily until year 2010.  Thereafter the trend has been decreasing rather 
slowly. The projected trend will also be decreasing slowly (figure 11). 

4.4 Comparing the HIV prevalence by age groups 

 

 
Figure 12: Comparing the HIV prevalence by age groups 

The 2008 survey data showed that the distribution of HIV prevalence was found to be 
concentrated among people in the aged 15-49 years. The pick prevalence occurred among those 
of age group 35-45. This is explained by the fact that more persons are reproductive in the above 
age groups hence were more at risk of infection by HIV. 
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CHAPTER FIVE 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

This chapter summarizes the findings from the study and briefly suggests what can be done to 
realize the objectives stated. 

 
The use of EPP and Spectrum was very appropriate and successful in this study. EPP helped to 

produce smooth curves by varying the four parameter values, 0t , r , 0f , and φ . The spectrum 

then used data from the EPP to generate estimates which were then used for further analysis to 
produce trend curves and projected curves as shown in the chapter on results above.  
 
The rate of decline in new infections since 1994 has been low for both males and females aged 
15 and above (figure 6 & 7). There is therefore a need to accelerate the decreasing trends towards 
the zero rates. The AIDS deaths, though on the decline, are still relatively high compared to the 
situation in developed countries.  
 
To bring about the desired rapid decline in AIDS deaths, there is a need for improved 
accessibility of treatment and care for people living with HIV/AIDS. The number of HIV 
pregnant women needing is still quiet high putting the unborn children at risk. The awareness 
and provision of services through PMTCT should hence be prioritized. This would greatly 
reduce on HIV incidence and prevalence.  
 
The uncertainty ranges in the estimates of HIV prevalence and incidence have greatly reduced. 
This indicates improved accuracy in the information on the HIV situation and hence promotes 
better planning of preventive and care-based measures on the HIV situation.  
 
Figure 12 shows that the distribution of HIV prevalence rate is dominated by persons aged 
between 25 – 45 years. This is because persons in this age group are in the reproductive age and 
thus sexually active making them more susceptible to HIV infections compared to those under 
25, and over 49 years of age. It is therefore recommended that the preventive programmes, such 
as VCT services and provision of Condoms, and care programmes, such provision of ART, be 
mostly targeted to persons aged 25-49 years.  
 
Finally the latest estimates of HIV situation should not be compared directly with estimates 
published in previous years. This is because the assumptions, methodologies and data used to 
produce the estimates are gradually changing as a result of on-going enhancement of our 
knowledge of the epidemic. New trends are based on new assumptions and enhancements and 
the latest surveillance data. Therefore the latest estimates will be more accurate and reliable than 
those produced in previous years, since they are based on improved methods and more data than 
earlier estimates.  
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ANNEXES 

 
 
Table 6: Summary of impacts due to ART and PMTCT 

Impacts 
Summary  - 
(Total) 
(Male+Female) 

2
0
1
2 

2
0
1
3 

2
0
1
4 

2
0
1
5 

2
0
1
6 

2
0
1
7 

2
0
1
8 

2
0
1
9 

2
0
2
0 

Deaths averted by 
ART (Thousands)            

5
2
.
2
8 

5
5
.
0
2 

5
7
.
1
3 

5
8
.
4
7 

5
9
.
0
3 

5
9
.
2
8 

5
9
.
6
5 

6
0
.
2
6 

6
1
.
1 

Infections averted 
by PMTCT 
(Thousands) 

6
.
4
3 

6
.
9
5 

6
.
7
4 

6
.
4
9 

6
.
2
4 

5
.
9
9 

5
.
7
5 

5
.
5
2 

5
.
3
2 

Life years gained 
by ART and 
PMTCT 
(Thousands) 

3
6
6
.
1
4 

4
3
4
.
0
7 

5
0
4
.
8
6 

5
7
7
.
7
2 

6
5
1
.
7
7 

7
2
6
.
5
5 

8
0
2
.
0
7 

8
7
8
.
4
3 

9
5
5
.
7
8 

Deaths averted by 
ART (0-4) 

0 -
2
3 

-
3
7 

-
4
4 

-
5
8 

-
6
6 

-
7
0 

-
6
2 

-
5
4 

Deaths averted by 
cotrimoxazole (0-
4) 

0 -
2
5
0 

-
2
1
4 

-
2
1
0 

-
2
1
3 

-
2
1
2 

-
2
0
7 

-
2
0
1 

-
1
9
2 

Deaths averted by 
PMTCT (0-4) 

0 1
3
1 

2
3
0 

2
5
0 

2
5
0 

2
4
6 

2
3
5 

2
1
7 

2
0
5 

 
Source: Output from EPP 
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Table 7: An Example of a complete EPP output 

UNAIDS Maximum Likelihood Fitter: beginning the fit 

 

UNAIDSMLFitter called - doing a non-level fit with phi not fixed 

Trying r, f0, t0, phi: 8.771929824561402 0.05700000000000005 1970.0 100.0 LL: 
212.65529961729771 

Trying r, f0, t0, phi: 8.771929955273343 0.05700000000000005 1970.0 100.0 LL: 
212.65529834933113 

Trying r, f0, t0, phi: 8.771929824561402 0.05700000075253847 1970.0 100.0 LL: 
212.65529398492072 

Trying r, f0, t0, phi: 8.771929824561402 0.05700000000000005 1970.0 100.0 LL: 
212.65529961729771 

Trying r, f0, t0, phi: 0.38772274715877586 0.8662682189760174 1970.0 100.0 LL: 
1514.1426942001854 

Trying r, f0, t0, phi: 10.44 
5830955789233 0.06613733196030652 1970.0 100.0 LL: 153.8480001965654 

Trying r, f0, t0, phi: 10.445831111444244 0.06613733196030652 1970.0 100.0 LL: 
153.84799971841858 

Trying r, f0, t0, phi: 10.445830955789233 0.06613733281546985 1970.0 100.0 LL: 
153.84799592968193 

Trying r, f0, t0, phi: 10.445830955789233 0.06613733196030652 1970.0 100.0 LL: 
153.8480001965654 

Trying r, f0, t0, phi: 11.852491673039086 0.10029671107747884 1970.0 100.0 LL: 
57.349658189341426 

Trying r, f0, t0, phi: 11.852491849654974 0.10029671107747884 1970.0 100.0 LL: 
57.349658064660616 

Trying r, f0, t0, phi: 11.852491673039086 0.10029671227222192 1970.0 100.0 LL: 
57.34965708255186 

Trying r, f0, t0, phi: 11.852491673039086 0.10029671107747884 1970.0 100.0 LL: 
57.349658189341426 

Trying r, f0, t0, phi: 24.585991573058706 0.2756851629219999 1970.0 100.0 LL: 
504.5983885017631 

Trying r, f0, t0, phi: 12.022322849709195 0.11199205905022619 1970.0 100.0 LL: 
51.41406276871567 

Trying r, f0, t0, phi: 12.022323028855766 0.11199205905022619 1970.0 100.0 LL: 
51.41406275329064 

Trying r, f0, t0, phi: 12.022322849709195 0.11199206034525067 1970.0 100.0 LL: 
51.41406262645614 
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Trying r, f0, t0, phi: 12.022322849709195 0.11199205905022619 1970.0 100.0 LL: 
51.41406276871567 

Trying r, f0, t0, phi: 12.192379156068453 0.1267779667987674 1970.0 100.0 LL: 
56.039760476502124 

Trying r, f0, t0, phi: 12.0391905200878 0.11357494697196008 1970.0 100.0 LL: 
51.31619792533456 

Trying r, f0, t0, phi: 12.039190699485719 0.11357494697196008 1970.0 100.0 LL: 
51.31619792210404 

Trying r, f0, t0, phi: 12.0391905200878 0.11357494827993048 1970.0 100.0 LL: 
51.316197907872265 

Trying r, f0, t0, phi: 12.0391905200878 0.11357494697196008 1970.0 100.0 LL: 
51.31619792533456 

Trying r, f0, t0, phi: 12.094377032127563 0.11515222008880172 1970.0 100.0 LL: 
51.37164792072144 

Trying r, f0, t0, phi: 12.043305383358986 0.11379975501582001 1970.0 100.0 LL: 
51.314700599585194 

Completed r, f0 fit. Info = 1 tol = 1.5E-4 

Now running fit on phi 

Trying r, f0, t0, phi: 12.043305383358986 0.11379975501582001 1970.0 99.99999999998899 
LL: 51.3147005996143 

Trying r, f0, t0, phi: 12.043305383358986 0.11379975501582001 1970.0 99.99999999998899 
LL: 51.3147005996143 

Trying r, f0, t0, phi: 12.043305383358986 0.11379975501582001 1970.0 99.99999999998899 
LL: 51.3147005996143 

Trying r, f0, t0, phi: 12.043305383358986 0.11379975501582001 1970.0 99.99766082235234 
LL: 51.314702003845014 

Trying r, f0, t0, phi: 12.043305383358986 0.11379975501582001 1970.0 113.76524956118159 
LL: 51.34167256986257 

Completed phi fit. Info = 2 tol = 1.5E-4 

 

Summary results 

 

UNAIDSMLFitter: Run complete: final values:  

r = 12.043305383358986  

f0 = 0.11379975501582001  

t0 = 1970.0  

phi = 99.99999999998899 
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Log Likelihood = 51.3147005996143 

 

Total elapsed time for fit in seconds: 0.172 

 


