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ABSTRACT

Household contact is known to be a risk factor for transmission of many infections,
and the magnitude of such contact-associated risk is a classic measure of
transmissibility. The risk associated with household contact may be underestimated
due to misclassification of contact status of some individuals, particularly in cohort
studies of diseases with long incubation period. Such studies generally begin with
contact defined at a single point in time, thus a “snap-shot” of dynamic households.
However, individuals change households, form new households, die, or migrate
over time. Thus, some individuals who experienced household contact may be
misclassified as non-contacts.

Published analyses of Karonga Prevention Study (KPS) data have indicated that
household contact with active paucibacillary or multibacillary leprosy as assessed
during a survey carried out 1980-84 (LEP-1) imparted two- or fivefold increased risk
of leprosy, respectively, compared to individuals not living in such households. This
was as assessed in a second survey carried out 1986-89 (LEP-2). The current
project began as an investigation of the implications of household dynamics on
these measures of household contact associated risk, and evolved into a broad
consideration of household dynamics, touching upon a variety of demographic and
epidemiological issues.

The approach included detailed analysis of KPS data and development of a
simulation model of household dynamics tracing contact status over a period of
time, to quantify contact status misclassification and estimate the “true" underlying
rate ratios adjusting for this misclassification. Not even such a model captures all
the selective household changes of a rural society, and there will be many
unrecorded and unrecordable contacts.

A total of 112886 individuals were interviewed in LEP-1, of whom about 85,000
were examined in LEP-2. 46% of this population was under 15 years of age.



Procedures for smoothing the age distribution initially characterized by age heaping
(a direct result of birth estimates) and for correcting for the under-ascertainment of
infants, especially common in studies when reporting of birth dates is poor, are
explained.

The crude birth and death rate were estimated to be 49 births per 1000 persons and
10 deaths per 1000 persons respectively. Under-5 mortality was estimated to be
about 250 deaths per 1000 live births. Estimates of mortality adjusted for age, sex
and socio-economic factors show interesting patterns. Mortality was higher in north
rather than south Karonga (rate ratio of 1.29, 95% ClI: 1.19, 1.38); and in those with
estimated rather than precise years of birth (rate ratio of 1.14, 95% CI: 1.03, 1.25).
No significant differences in mortality were found between leprosy cases and non-
cases, 1.14 (95% CI. 0.84, 1.54). The finding of significantly lower mortality among
those with compared to those without a BCG scar, rate ratio of 0.70 (95% CI. 0.64,
0.76) was surprising though we suspect that it reflects residual socio-economic
confounding rather than a biological effect of the vaccine.

The mean and median household size (6 42 and 5 respectively) were similar for the
LEP-1 and LEP-2 surveys. 85% of heads of households were male with their mean
age, 47 (s.d. 14.6) lower than that for females, 55 (s.d. 14.2). There was a very high
rate of household change among 15-29 year olds with a higher rate for females in
the lower part of this age band (approximately 63% over 5 years).

A household dynamics model was constructed in order to simulate births, deaths,
in- and out-migrations, marriages and movement between households on an annual
basis. Its parameters are derived from the LEP and census data.

The contact status misclassification rate is defined as the proportion of all
individuals in contact with at least 1 index case in the simulations who were initially
classified as non-contacts. The model results show high contact status



misclassification in particular among the 15-29 year olds (largely a reflection of
active household change).

Improved estimates of contact associated leprosy risks showed higher rate ratios in
young children than adults. Apart from attributing such results to intensity of contact
and sharing of environmental factors with source cases, they are also consistent
with (but do not confirm) genetic susceptibility.

Apart from investigating household contact-associated risks of disease, the analysis
of household dynamics in this thesis provides methods and baseline measures for
understanding demographic and social pattern changes, of particular importance in
this era of HIV.
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CHAPTER 1 INTRODUCTION

1.1 Rationale for the study

This research stems from a large epidemiological study of leprosy (and
tuberculosis) in Karonga District, Northern Malawi (1). The epidemiological study
began as a total population survey, called the LEPRA Evaluation Project (LEP). The
study was started in 1979 and in later years it developed into the largest vaccine
trial in Africa (2). It initiated several studies to investigate demographic, genetic,
environmental and immunological factors underlying the patterns of mycobacterial
disease and the behaviour of mycobacterial vaccines in this population. This
particular project is an investigation of demographic issues (in particular, household
dynamics) that relate to disease.

Household and dwelling contact are known risk factors for many contagious
infections. Several studies have attempted to measure this contact-associated risk
for various infections by following up individuals observed to be in household
contact with cases. This is a relatively straightforward exercise for acute infections,
with incubation periods of days or weeks, but special problems arise in studies of
infections with long incubation periods. The risk associated with household contact
may be underestimated due to misclassification of contact status of some
individuals with source cases, particularly in cohort studies of diseases with long
incubation periods. Such misclassification is likely to be most pronounced if the
follow-up period is long. This is due to the dynamic nature of populations, which
involves people changing households, forming new households, dying or migrating
Since studies to measure risks associated with household contact generally begin
with contact defined at a single point in time, thus a “snap shot" of dynamic
households, many individuals who experience household contact with cases at
some point in time may be misclassified as non-contacts. This increases the risk in
the reference (apparent non-contact) group, and results in under-estimation of the
relative risk of disease associated with household or dwelling contact.

n



Of particular interest in the proposed study are the implications of household
dynamics on leprosy risk in households. This is because detailed data on contact
with leprosy cases and household membership, as well as on leprosy incidence,
were available from the work in Karonga District over a long period of time.
Although there is particular reference to leprosy, the concepts developed in this
study are also applicable in general to other chronic diseases with long incubation
periods, such as tuberculosis.

The long incubation period of leprosy disease has additional implications for this
project. Because of this long and varied incubation period, some incident cases that
arise during a follow-up period of study may be attributable to contact which
occurred prior to the period of study rather than to contact recognised at the start of
the study or during follow-up. This is unlikely to occur if the incubation period of a
disease is short, in which case most contacts that lead to disease will occur during a
study period. It is difficult to trace contact history for a population over a long period,
and this can lead to both low sensitivity and low specificity of contact classification.
These problems raise questions of how to take prior contact into account when
investigating risk of disease associated with household contact. Obviously, prior
contact will be most important when considering infections/diseases with long
incubation periods.

Since the main epidemiological study in Karonga began prior to the HIV pandemic,
but the project has now expanded to include work on HIV, an analysis of household
dynamics has important implications beyond the study of leprosy, for which it was
first designed These early data provide baseline measurements against what is
happening now in the population as a consequence of this new, now widespread,
devastating and socially disruptive infection.
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1.2 Objectives of the study

L

To describe demographic characteristics of the population and the dynamic
nature of households in Karonga District, northern Malawi.

To develop a simulation model for household dynamics in a large population
and use this to explore the relationship between “true” and observed risks
associated with household contact.

To quantify misclassification of household contact with leprosy cases and
investigate the relationship between age and sex patterns of household
change with corresponding patterns of contact status misclassification.

To estimate relative risk of leprosy among household contacts versus non-
contacts after adjustment for contact status misclassification and to compare
these estimates with relative risks observed in the population under study.

To explore the implications of the long and varied incubation period and the
declining prevalence of leprosy on both the magnitude and trend of contact
status misclassification and rate ratios.

To discuss these findings with reference to the published literature on
household contact as a risk factor for various diseases (in particular leprosy
and tuberculosis) and consider some of the broader implications of
household dynamics for epidemiological studies.

The approach to this project is in three steps: first, a descriptive analysis of the data,
then development of a household dynamics simulation model to quantify
misclassification of leprosy contact status, and finally estimation of the “true”
underlying risk of leprosy adjusting for misclassification. The descriptive analyses
not only provide baseline demographic characteristics of the population but also

13



parameters for the design and calibration of a stochastic household dynamics
model for a developing country setting. The simulation model is used to investigate
the age and sex patterns of contact misclassification. Finally, the “true” underlying
relative risk of leprosy among household contacts versus non-contacts is estimated
after adjusting the observed relative risks in the population under study for leprosy
contact status misclassification using results obtained from the model.

Chapter 2 reviews knowledge on leprosy and tuberculosis in households and
problems associated with measuring infection transmission. Chapter 3 gives a
description of the LEP data used in this thesis.

Chapter 4 presents a demographic analysis of the LEP data. Section 4.1 covers age
and sex structure of the population, Section 4.2 presents mortality estimation and
Section 4.3 looks at household structures and movements.

Chapter 5 gives a description of the stochastic micro-simulation model and methods
used for adjustment of rate ratios for contact status misclassification Chapter 6
gives results from the simulation model with Section 6.1 presenting trends of
sensitivity of contact status. Section 6.2 compares observed and adjusted rate
ratios.

Chapter 7 outlines limitations of the simulation model, Chapters 8 and 9 present a
general discussion of the results and recommendations for future work respectively.

The appendices have been grouped into several categories. Appendix A presents a
list of variables analysed in this work and also describes a method for age re-
distribution of individuals with birth estimates. Appendices B and C respectively
outline methods used to estimate level of infant mortality in the first year of life and
the under-ascertainment of infants. Appendix D outlines a method used to adjust
relative risks of disease for contact status misclassification. Appendix E provides
selected schematic diagrams for procedures in the stochastic simulation model of

14



household dynamics. Appendix F contains list of tables and figures from literature
reviewed and from analyses of LEP data. Finally Appendix G is a presentation of
selected tables and figures from the simulation model results and estimation of rate
ratios adjusted for contact status misclassification.

15



CHAPTER 2 LITERATURE REVIEW

2.1 Household contact associated risk

When investigating or comparing the transmission potential of infectious agents, it is
appropriate to standardize or control for factors related to environment or human
behaviour. In this regard, households have proved to be useful communities for the
measurement and comparison of directly transmissible human infections (3, 4).
Household members live in close contact and share common factors such as
environment, genetics and diet. They tend to be at high risk if an infected person is
present in the household because closeness of contact is likely to be related to
exposure intensity, which in turn, is likely to be related to the infection risk and
occurrence of disease. Importantly, though households differ in different societies
and parts of the world, they everywhere entail close contact and shared
environment. Besides this, contact within households is relatively easily identified

(5).

Much knowledge of communicability of various infections and their relation to
exposure, susceptibility and immunity has been derived from observations on their
spread in households or families. This is mainly in reference to acute communicable
infections, however, as it is difficult to derive such knowledge for the so-called
chronic infections, for reasons discussed in this thesis.

2.1.1 Acute infections in households

Charles Chapin, in a series of reports 1884-1905 (3), was one of the first to study
the spread of acute infections, in particular measles, diphtheria and scarlet fever in
households. He developed the secondary attack rate (SAR) as a measure of
transmissibility in this context. The secondary attack rate is conventionally defined
as the proportion of contacts of a primary case in a household who develop disease

16



as a consequence of this contact. To compute an SAR one requires date of onset of
the first (primary) case in the family, enumeration of other persons (susceptibles) in
the household at that time, and the dates of onset of cases that occur within a
specified time from onset of the first case. One also requires knowledge of the
incubation and serial intervals, in order to allow identification of the secondary
cases. Ideally one needs also to know the proportion of all infections that lead to
recognizable disease.

For communicable diseases with short infectious periods, measurement of morbidity
risk among household contacts is relatively easy because excess risk is
concentrated within a short period following invasion of household (3, 6). If one can
ascertain the numbers of exposed contacts, and of secondary cases, the calculation
and use of SAR are appropriate.

After Chapin, classical studies of the transmission of measles, chicken pox and
mumps viruses in households were carried out by Hope-Simpson (4) using a variant
of the SAR called the “susceptible exposure attack rate”. As expected, many studies
investigating transmissibility of measles have shown higher risks among household
contacts than among individuals with no known household contact (7-9). Table 2.1
below gives a range of estimates of SAR from the published literature (10), showing
high transmissibility of measles in households.

Table 2.1 Range of estimates of household secondary
attack rates (SARffrom the published jiterature (10)__

Infection SAR

Measles 50-80%
Small pox 40-60%
Mumps 30-45%

The SAR measure was developed primarily for acute infections. Uncritical
application of the SAR concept can be misleading (11). In many studies, the effect
of "silent" infections in household and the influence of risk of infection outside of the
household have not been taken into account. The latter error can lead to
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overestimation of SAR. In addition, variable susceptibility to infection (significant
differences in age and sex specific levels of immunity) and the failure to distinguish
between co-primary and secondary cases also need to be considered in the
determination and interpretation of SAR.

These problems reflect the need for caution in use and interpretation of the SAR
even for acute infections. When considering “slow" infections with long incubation
periods, we have the additional problem of tracing household membership and
contact status over time. To keep a large group of people under close enough
observation to record all “contacts”, for a long duration, is in practice not possible.

2.1.2 Long-term (chronic) infections

Measurement of the transmissibility of chronic infections, in particular those with
long incubation periods raises a variety of methodological problems, depending on
the natural history of the infection in question. For example, studies of the
transmissibility of vector borne infections involve consideration of vector population
dynamics (e g studies of filarial transmission (12)) and studies of sexually
transmitted infections require estimates of sexual contact frequencies (13-15).

This project deals with chronic infections transmitted by direct or respiratory contact,
the two classic examples being leprosy and tuberculosis. These infections have
very long incubation periods, making it difficult to identify the source and hence to
ascertain the appropriate denominators (all exposed individuals) and numerators
(secondary cases). In part because of this, studies of transmission of the leprosy
and tuberculosis agents have emphasized relative, rather than absolute risks of
disease among known contacts compared to (apparent) non-contacts.

18



2.1.2.1 Leprosy

Leprosy is a chronic disease of man resulting from infection with Mycobacterium
leprae. The clinical forms of the disease range along a spectrum from tuberculoid,
with low bacillary (paucibacillary) load to lepromatous, with high bacillary
(multibacillary) load. Although the mode of transmission remains a controversial
issue, skin-to-skin contact or the respiratory route have received most attention
(16).

Studies of transmission of infection with M. leprae are difficult because of the
absence of any test for infection and the long and variable incubation period of
disease (5, 16). Given that the incubation period may last for many years, even
decades, the original source of infection of any particular case is likely to be
unknown or forgotten by the time of its clinical onset. In addition, some leprosy
cases may remain undetected but yet be continuous sources of infection in the
community (17).

Different forms of leprosy differ in transmission potential depending on their bacillary
load. There are different classifications for these forms. Early studies used
categories such as “neural” and “cutaneous” (18) but more recent studies have
favoured the terms tuberculoid or paucibacillary and lepromatous or multibacillary
(18-20). Multibacillary forms of leprosy are more infectious than paucibacillary and
there are strong arguments indicating that they are responsible for most of the
transmission.

The classical study of leprosy epidemiology was carried out in the Philippines by
Doull et al. (18) who applied a historical cohort method originally developed by Frost
for studies of tuberculosis. It was shown that individuals living in household contact
with a paucibacillary (called “neural” by the authors) case were at approximately
twice the risk of leprosy compared to individuals with no known household contact.
Household contact with a multibacillary (called “cutaneous" by the authors) case
increased the risk eightfold. The high relative risk of contacts of multibacillary cases
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is consistent with the fact that these cases have a much higher bacillary load than
do paucibacillary cases. Similar observations of risk of disease for contacts of
multibacillary and paucibacillary cases were made in several other studies (19-23).
In BCG trials carried out in Uganda (24) and New Guinea (25), household contacts
were also observed to be at increased risk of leprosy compared to those with no
known household contact. Variations in risk estimates from different studies may be
due to differences in methodology and duration of follow-up and to the proportion
multibacillary among source cases. In their study in Uganda, White et al. (24) noted
a gradation in risk of disease when contact was at dwelling, compound or visitor
level.

Table 2.2 Incidence rates (per 1000 person years at risk) of leprosy for household
contacts of known leprosy prevalent cases in households.

Study location Incidence rates (per 1000 pyar)
Household No known Relative
contacts contact risk
Cordova and Talisay by Doull (18) 533 0.83 6.42
BCG trial, New Guinea by Hausfeld (25) 55.0* 5.0% u
BCG trial, Uganda (24) 24 6 18.7 1.32

Note: * Estimates not adjusted for age

Among household contacts, studies have shown that the risk is particularly high in
young contacts (under the age of 15 years) (18, 19, 21-23), contacts of multiple
index cases (21) and contacts who are closely related to primary cases (19, 23). In
general, there has been little evidence of sex differences in the incidence rates
among contacts (21, 22, 26). Very few studies have tried to separate environmental
and genetic factors on investigation of transmission. The only such studies (27, 28)
failed to separate family and household members and, more importantly, did not
collect data on contacts of single cases or standardise properly for age, sex,
relationships and nature of contact. There is need for carefully planned longitudinal
studies necessary to draw inferences on familial aggregation of disease.

The most detailed analysis of household contact as a risk factor for leprosy was
carried out in Northern Malawi on over 80,000 initially disease-free individuals (19).
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The analysis defined the risk group in terms of household and dwelling contact. The
analysis by dwelling contact was similar to the close contact category as used in
other studies (23, 24). This investigation found that individuals living in households
or dwellings with multibacillary patients at the start of follow-up were at five- to
eightfold increased risk of acquiring leprosy over the subsequent five years
respectively compared to individuals not living in such households or dwellings.
Household or dwelling contact with a paucibacillary case approximately doubled the
risk. The findings were thus strikingly similar to those obtained by Doull (18)
although these studies were done in different societies, with different designs and at
different times. The Malawi study (19) showed no statistically significant difference
in risk of disease between dwelling and household contacts of paucibacillary cases
of leprosy. This is consistent with evidence that multibacillary cases are the most
important sources of infection transmission in leprosy endemic areas. The
increased risk in contacts of PB cases could reflect undetected contact with MB
cases who were the sources of the PB cases.

In several published studies (17, 19, 29), it has been observed that only a small
proportion (15-30%) of all incident leprosy cases have a history of identifiable
household contact. The majority of new cases thus appear to arise from the non-
contact group. The proportion of cases associated with household contact is a
function of the level of incidence in the community and is influenced by household
dynamics (given that transient contact with source cases may be important but go
unnoticed). The percentage of cases with history of contact may increase as
incidence declines, reflecting the concentration of risk factors for disease into
households and families (e g. genetics, habits/behaviour as well as contact) (30).

Beers et al (17) broadened the definition of contact to include neighbour, family and
social contact in a retrospective study carried out in Indonesia. This study attempted
to reconstruct leprosy incidence over 25 years (1971-96), through interviews and a
house-to-house survey in a highly-endemic village. The authors found that 78% of
101 incidence cases reported having been in contact with a previously diagnosed
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leprosy case at one point or another. By broadening the definition, this study might
have captured “transient” contacts since most of such contacts were with family and
social members. However, being a retrospective study, there was great potential for
reporting bias and hence underestimation, or perhaps overestimation, of history of
contacts because of the long incubation period of this disease.

2.1.2.2 Tuberculosis

Tuberculosis is a chronic infection that has been a major public health problem for
centuries. Its agent, M. tuberculosis, is transmitted through respiratory contact with
an infectious (“open”) pulmonary case. Tuberculosis is similar to leprosy in many
ways: the agents responsible for transmission are related, the disease has long
incubation period and transmission of infection is attributable to a certain sub group
of cases.

Several studies investigating risk of disease for household contacts have varied in
scope and details of methodology, and comparison across studies is difficult.

A classic retrospective investigation, based on tracing historical contact of 132
families, was conducted by Frost between 1930-1 in a black community of
Kingsport, Tennessee (6) (Doull borrowed this historical method for his study of
leprosy in Cebu (18)). The investigation provided data on 794 present and former
members of these families. Persons with history of household contact had twice the
risk of pulmonary tuberculosis morbidity compared to those with no known
household contact over the period investigated (6). Several subsequent studies
have shown similar results (31-34) Although the studies measured increased risk in
household contacts of cases, these are not simple secondary attack rates. The
increased risk reflects clustering of risk factors (poverty, genetics, etc) in
households as well as contact itself.
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Tuberculosis differs from leprosy in having a test for infection (the tuberculin test),
albeit an imperfect one. Sensitivity is thought to be more than 90%, but specificity
varies as a function of exposure to cross-reacting (eg. environmental)
mycobacteria, and the test cannot distinguish between new and old infection (35,
36).

Several studies of household contacts have shown that prevalence of tuberculin
reactivity is highest among contacts of smear positive cases, lower among contacts
of smear-culture positive cases, and lower yet among contacts of smear culture
negative cases. This trend reflects the relative transmissibility of these forms of
disease. The prevalence of tuberculin “positivity” among household contacts of
known cases gives some measure of the transmissibility of M. tuberculosis infection
in households and is generally similar between males and females up to
adolescence after which it is higher among males and rises with age. This age
difference in adults may be a reflection of extra-household contact.

These studies of tuberculin sensitivity have in general been carried out in current
contacts of cases and, as such, the issue of household dynamics does not arise.

Measurement of transmissibility of infection based upon a disease outcome is
difficult for tuberculosis because of the long and variable incubation period (from
infection to disease) and serial interval (between onsets of successive cases in a
chain of transmission) and the fact that only a small proportion of infections lead to
disease. According to the standard textbook view, about 10% of infections lead to
disease, half within 5 years, and half after long intervals, many years or decades
(37, 38). In fact these risks are age dependent, and primary disease (within 5 years)
appears to be more common after infection of adults than after infection in
childhood (39).

Only one study (39) has attempted to describe the full incubation period and serial
intervals of tuberculosis. Given the long period from infection to disease for most
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cases, tuberculosis cases generally do not know, let alone no longer live with or
near the case from whom they contracted the infection.

Given these difficulties, most of the research on infectiousness and transmissibility
of M. tuberculosis has been based upon measurement of infection, using tuberculin
reactivity as an indicator.

Another effort to measure the contribution of intra versus extra household
transmission was in terms of a “community infection ratio (CIR)”, defined as the
odds ratio of tuberculin positivity among non-contacts compared to contacts. The
relative prevalence of infection (tuberculin reactivity) observed among current
contacts of cases compared to that among current non-contacts (the community)
would reflect the prevalence in the community. If CIR=1 this implies similar
tuberculin reactivity in current non-contacts and current contacts of cases in
households. A CIR measure of more than 1 would imply a higher prevalence of
infection in the community than in households with cases. A study conducted in
Peru (40) used the CIR measure as an index to investigate the relative importance
of intra and extra household transmission of M. tuberculosis among children aged 6
months to 14 years by estimating the prevalence of M. tuberculosis infection in both
groups. The study computed a CIR estimate of 0.40 (95% CI: 0.26, 0.64) and
concluded that there was relatively higher frequent transmission of infection in
households with cases than in the community. Although this was the case, they also
concluded that there was substantial transmission of infection within the community.
The more rapid the change in household membership, the more widely the infection
would be distributed in the community. Although this study had design problems
(e g. selection of controls), it provides another example of the importance of
household dynamics for patterns of infection and disease.

There has been considerable scope for misclassification of contact status in the

studies of leprosy and tuberculosis cited above - a reflection of the dynamic nature
of household membership coupled with the long and variable incubation periods of
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these diseases. While some studies (19) have acknowledged the problem of
misclassification, none have investigated the dynamic nature of households and

how misclassification of contact status could affect the observed relative risk. This is
part of the task that was undertaken in this study.
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2.2 Households and their dynamics

Household dynamics, or changes in household membership over time, obviously
complicate the study of transmission of infections with long incubation periods. The
concepts of households and families are often confused because of their close
relationship to each other and the lack of unambiguous definitions for either of them.

According to the United Nations (41) and Burch (42), a household is based on the
living arrangements of persons, individually or groups, for providing themselves
food and other essentials. Household is a comprehensive term used in many
studies because it does not necessarily depend on relationships between the
persons involved.

A family may be defined as those individuals who are related to a specified degree
through blood, adoption or marriage (or cohabitation as parents). A family
household consists of a married couple with or without children, man or woman with
at least one child or any other combination of relatives living together. A non-family
household consists of an individual living alone or sharing living quarters with one or
more unrelated persons (41,42).

Although several categories of families such as “nuclear” and “extended" exist,
family households form the bulk of households today in most societies. A household
in this study of Karonga district, northern Malawi, was defined as a group of people
living together recognising one person as their head (19).

Understanding the dynamics of relationships between people and their membership
in households is important for household dynamics modelling in relation to contact
with source cases of disease in epidemiological studies. The presence of a
relationship between two people implies that their activities are causally
interconnected. Status change in one person frequently causes a change in the
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other. To describe relationships and membership in households, one household
member is usually selected as a reference person and the relationship between
household members is viewed from his/her perspective (43).

Despite impressions of a wide variety of household or family forms, their structures
and general behaviour look fairly similar in most societies, including those in Sub-
Saharan Africa. Because of these similarities, many of the methods developed can
be applied to any society conditional on data availability.

In the sections that follow we review some results from studies of households, and
early methods developed for the study of household dynamics. We then discuss
some macro- and micro-simulation models which evolved from the early methods

2.2.1 Households in Malawi and neighbouring countries

Since problems associated with investigation of risk of disease in household
contacts may be specific to certain societies, it is important to investigate the
similarities in structures of households in several Sub-Saharan African countries, in
particular those neighbouring to Malawi. This is important because although the
modelling work undertaken here is based on data from Malawi, the methods should
be applicable to any such investigation in developing countries especially in Sub-
Saharan Africa where population and household characteristics are similar to those
of Malawi.

There is no literature on household formation in Malawi, although descriptive
analyses of household structures are available from family formation surveys (FFS)
(44), Malawi Demographic and Health surveys (MDHS) (45) and censuses.

Malawi is divided into Northern, Central and Southern regions and within these
regions, there are districts. The common household types (in Malawi) as reported in

the 1992 MDHS (45) include nuclear households (couple with children only), single-
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parent households and extended households. New households in Malawi, like
elsewhere, are mainly formed through marriage with the husband assuming the
headship except in a few cultures which are matriarchal. The role of extended
families has weakened due to changes in labour migration, formal education (46)
and increasing landlessness (47).

As a consequence of patterns and trends of marriage, fertility, mortality and
migration in “western” countries, there has been a continuous decline in average
household size, a growing number of non-family households and an upsurge of
one-person households (48). Although there is a much smaller literature on
household dynamics in rural African settings, several trends have emerged.

Analyses of census and survey data collected in Sub-Saharan Africa over the past
20 years have shown an increase in age at first marriage and at first birth, an
increase in the incidence of divorce and separation and a decline in proportion
married at a given point in time (49). Much of the recent research on households in
Africa has been driven by the need for demographic projections or in the context of
epidemiological studies of HIV.

According to the 1988-92 MDHS (45), respectively 74% and 85% of rural and urban
households in Malawi were headed by men. Similar patterns are observed in
households in different population in Sub-Saharan Africa, as shown in Appendix
Table F.2. Overall, households are more likely to be headed by men than women.
However, the head is not necessarily the economic provider or decision-maker in a
household. Most respondents designate the oldest man or woman as head even
when there is no clear hierarchy in authority and decision-making in the household
(49). A comparison between rural and urban households showed that the proportion
of households headed by women is relatively higher in the rural than urban areas.
Due to the polygamous nature of most of these societies, a man can be a head of
more than one household.
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Data from six consecutive annual surveys were used to examine household
structures during the HIV epidemic in a rural Ugandan population (50). On average,
26% of households were female-headed and this compared well with the rural
Ugandan population in 1991 population and housing census (27.8%). Less than 1%
of households were headed by individuals less than 19 years of age. The recent
increase of deaths of young adults in communities affected with HIV/AIDS in sub-
Saharan Africa (46) has led to an increase in single parent households and in
orphaned children (49).

There is very little difference in size between rural and urban households in Malawi.
The average number of persons living in a household was 4.5 during the 1988-92
period. These results are similar to those obtained in the 1987 census, when the
average number of persons per household was 4.3. Table F.3 in Appendix shows
the mean household size in several Sub-Saharan African countries as reported in
Demographic and Health Surveys (DHS) by rural or urban area. The overall mean
household sizes are similar, ranging from 4.3 in Malawi to about 5.6 in Zambia The
northern region of Malawi had the highest number of persons per household (4 8),
with Karonga District having the highest in Malawi (5.3). The number of persons per
room is often used as a measure of crowding, which may influence the spread of
infection among household members. There was little variation in crowding between
rural and urban households in Malawi as reported in the 1992 MDHS. The number
of persons per room (size of room not known) was 2.8 in rural areas and 2.7 in
urban areas. Overall, 56% of households had 1 or 2 persons per room and 34% of
households had 3 or 4 persons. The percentages of households with more than 5
persons per room in rural and urban areas were 11% and 8% respectively (45).

The similarities between structure of households in Malawi and countries
neighbouring to Malawi suggest the modelling work of household dynamics, based
on data from Malawi, described in this thesis can be applicable to any such
countries, especially the rural societies.
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2.2.2 Modelling

While there has been steady development in household dynamics research and
modelling in the "West”, little work has been devoted to household dynamics in Sub-
Saharan Africa (51). Thus, most of the work reviewed in this section is on models of
household dynamics based on data from developed countries.

The study of household dynamics implies an understanding of the relationship
between household members (49). Apart from looking at the importance of
households from an epidemiological point of view, the study of household dynamics
is important in many other disciplines such as housing, marketing and social
security. For example, knowledge of size and composition of households and of
their trends over time is essential for policy makers in evaluating housing needs.

Factors which have contributed to the slow progress in household dynamics
research include the scarcity of data, the slow development of methods of analysis
(48) and the increase in the number of categories when a detailed household

breakdown is considered (52, 53).

Population and household dynamics (changes in their size and structure) and their
projections (probable or imaginable future structures) are best modelled on the
basis of an individual as a unit of analysis (48). In order to pursue modelling on this
basis, we need to look at individuals, categorised by both their “pure” individual
attributes (e g. age and sex) and by relational attributes. Relational attributes refer
to membership of and position within groups such as families and households (e g.
marital status and household position). Pure individual characteristics are
deterministic and easy to update. The complexity of the modelling derives from the
need to update the relational attributes over time.
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This section will briefly review early methods and macro-simulation models of
household dynamics but will concentrate on micro-simulation models as these are
more relevant to this work.

2.2.2.1 Early methods

Among the first attempts to describe household dynamics was a research effort at
forecasting growth of household numbers (41). These methods were important
steps in early research on household dynamics modelling. They were devised to
look at population and household projections without considering changes in
household composition and movements between households over time. According
to the 1973 UN Manual VII (41), one of the earliest techniques developed for
forecasting households was based on the “household-to-population ratio”. The
method assumes that the growth rates of the population and of the number of
households are equal, and implies that the household size remains constant. The
household-to-population ratio based upon observed data was applied to future
population projections to obtain the future number of households. However, given
that household structures evolve with social change, they may grow at a different
rate from the total population, which may invalidate the method for long term
forecasting. This crude approach is appropriate when only elementary data are
available. It was superceded by several other approaches, known as 'life table”,
“vital statistics" and the “headship rate” methods.

The “life table” method was developed in 1951 for the United Kingdom by Brown
(54) to model the distribution of families in a hypothetical stationary population
broken down by age, sex and marital status, based on the 1947 British social
survey data. This method equated families to households and further broke down
the population distribution of the number of married couples, widows and widowers
by number of children. The method gives a projection of families (households) by
size of membership assuming a hypothetical stationery population. However, its
validity was weakened by the stationary population assumption. The equating of
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families to households may be invalid as not all unmarried adults or widowed people
live on their own as a family but may join other families and form households.

The "vital statistics” method developed by llling (55) in 1967 deals with projections
of families of married couples and then transforms them into households. The
transformation to number of households is a function of two ratios: the ratio of the
number of family households to the number of families, and the ratio of non-family
households to total households in the population. The advantage of this method is
that family formation and dissolution can be related to demographic events such as
marriage, divorce and death affecting family members, over time. As such, future
trends of marriage, divorce and death by households can be estimated. However,
the transformation from families to households does not take into account age and
sex differentials in the relationship between families to households. The method is
difficult to apply in developing countries due to lack of accurate data on marriage
and divorce.

The "headship rate" method has been used extensively and is widely applicable due
to the availability of appropriate data. The headship rate is defined as the proportion
of individuals in each age and sex strata who are household heads. The method
assumes that the number of heads of households directly represent the number of
households in the population under study. The future number of households in each
of age and sex headship category is obtained as a product of the number of
persons in that category and their projected age-sex specific headship rate. The
total future number of households is the sum of the age-sex specific number of
households. Extensions of the headship rate approach have been developed (56,
57). The main methodological problem has been the estimation of future headship
rates from those observed. It may not be appropriate to apply a constant headship
rate to varying evolving population structures (58).

These “early” techniques are not appropriate for the problem under investigation, in
that one cannot use them to quantify contact with source cases as was required for
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this project. Although these methods are quick, easy to apply and require only
simple data, the dynamic processes themselves remain unexplored (48). Aggregate
cross-sectional data catch households at different stages of their life cycle and may
obscure temporal variations. Macro-simulation models were thus developed to
provide a more detailed picture of the behaviour of households over time.

2.2.2.2 Macro-simulation models

Macro-models of household dynamics are models that treat populations by strata
e g. groups defined by age and sex, and not as individuals. Thus, no consideration
is made for occurrence of demographic events at an individual level. For example,
considering mortality, the simulated number of deaths would be the product of the
number of individuals and the age-specific mortality rate.

We briefly outline some of these models. Most of such work has been from
institutions in developed countries in particular Scandinavia, the Netherlands and
Germany.

The ISP model, described by Moller K.P. (59) in 1979, was developed by the
“Institut fur angewandte Systemforschung und Prognose" (ISP) in Hanover,
Germany for household projections within the framework of an economic model
This model produces household distribution by type and size. Events such as
childbearing, mortality and external migration are simulated. The number of
households is calculated by considering male adults and non-married female adults
as heads of households using assumed headship rates (see Section 2.2.2).

The Swedish model is a dynamic household model constructed by Harsman et at.
(57) during the late 1970s and early 1980s. It was aimed initially at projecting
regional housing requirements for Stockholm. The model was based on the
distribution of the population by household type at two consecutive time points and
the implicit change of household status which individuals experience during the
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intervening period. The model describes transitions that individuals in specific strata
make and can be extended to account for births, deaths and migrants to produce
complete population projections.

The Primos housing model was developed by Heida and Gordijn (59) in 1985 at the
Netherlands Centre for Study of Physical Planning to assist in formulating housing
policy. Individuals were distinguished according to age, sex, household status,
marital status and whether one was a dependent child or not and living in an
institution. Lack of data on changes in household status created difficulties and the
authors relied on simplifying assumptions to allow modelling.

The NIDI household model was developed by Netherlands Inter-University
Demographic Institute in 1987 and described dynamics of households in detail (59).
The model generates, among other outcomes, household history for the cohort
under study. Parameters for transitions between household types were obtained
from the 1984 ORIN retrospective survey of household biography for the previous
seven years (1977-84).

Due to the complex nature and states in which households may exist and the lack of
substantial data, it is difficult to build macro-models for household projections. A
higher level of detail (e g. increase in number of subcategories of events) poses
severe problems as the increase in explanatory variables results in an
unmanageable number of groups (59). Methodologically, such models present
consistency problems between household and population structures (52, 58).
Updates are only made to one of the two structures. For example, mortality may be
simulated in the population and yet there is no way of updating the household
structure in terms of size and composition. Demographic events such as marriage,
which involve more than one person, are not satisfactorily solved in these models.
For example, it has been shown empirically that the process of leaving a parental
household is closely related to marriage decisions, educational level and labour
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force participation (58). But this cannot always be deduced from aggregate
observed data.

These problems demonstrate the need for an approach allowing simultaneous
modelling of population and household structures and their dynamics. This can only
be achieved by modelling the behaviour of individuals (53, 58), emphasising the
need for a micro-simulation modelling approach. With the availability of increasingly
powerful computers, there has been increased interest in quantitative (descriptive or
through computer simulations) analysis of households.

This thesis describes the development and application of a household model to
investigate risk of disease associated with contact in households. Our interest was
not in household or population projections but in contact misclassification with
source cases of disease derived through incorporating, in a micro-simulation model,
important selected demographic events affecting a population over time. It is
appropriate to look at these events at a micro-level, hence, the need for a micro-
simulation approach. Any grouping can be done from these micro-level data.
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2.2.2.3 Micro-simulation models

Micro-simulation models attempt to model the various events, at an individual level,
that together account for, in this context, the dynamics of households over time.
Such an individual level analysis allows for updates of individual and household
characteristics in successive time periods (60). The main difference between micro-
and macro-models is that in micro-models the unit of analysis is the individual
whereas in macro-models, we tend to look at groups eg. females in the
households.

Micro-simulation approaches to modelling households have been developed by
several researchers and are dispersed over several disciplines. Earlier work on
micro-simulation of household dynamics is traced back to Orcutt et al (61). Although
their work concentrated on household dynamics, the intention was to model the
economic sector of the Unites States. Orcutt et al (62) extended their work to
produce a “Dynamic Simulation model of Income" (DYNASIM) which was used to
assess the effects of national policy options such as female participation in the
labour market. The National Bureau of Economic Research (NBER) housing model,
designed to study the housing systems of Detroit and Pittsburgh, incorporated a
micro-simulation module to examine household dynamics as reported by Clarke
(60).

Household dynamics models have been incorporated into studies in several
different disciplines. Examples include the work of Wilson and Pownall (63) on
activity analysis; Bonsall (64) and Kreibich (65) on individual choice in transport
systems and Wegener (66) on residential location.

Microsimulation techniques specific to household dynamics have currently received
considerable attention. The basic structure of demographic micro-simulation
modelling, developed initially by Hecheltjen (1974) (58), contained a description of
demographic processes on the individual level but was restricted only to nuclear
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families. Steger (1980) (58) extended Hecheltjen's model to families, households or
institutions and introduced assumptions for transitions between these entities. The
model was used for projections of the population and of family and household
structures. Nakamura and Nakamura (67) developed a micro-analytic model
devoted to population dynamics based on data for Alberta, Canada.

Keilman and van-Dam (68) developed a projection model for the simulation of
household events in the Netherlands. Nelissen and Vossen (69) developed the
Netherlands Dynamics Micro-Analytic Simulation Model (NEDYMAS). This is a
broad-based model encompassing demographic, social security, labour market and
income formation modules.

Clarke (60) used a micro-simulation approach to model household dynamics and
produce forecasts of the number of different types of households over a 5-10 year
period based on data from Yorkshire and Humberside in England. He described
model specifications for death, migration and leaving home among other events.

Some simulation models concentrate on particular components of household
dynamics. Willekens and Baydar (70) forecasted place-to-place migration using
generalised linear models based on migration data collected by the Central Bureau
of Statistics of the Netherlands from 1958 to 1982. Menken (71) and Teachman (72)
used the proportional hazards model for modelling family formation and dissolution
(time to event, in general).

The method developed by Keilman (73) was applied in several studies, for example
a study by Kotowska (74) for population projections by age, marital status and
region of residence in Poland; a study of the impact of household structure on social
security in Netherlands (75); and studies of the dynamics of living arrangements in
Netherlands, which showed increases in numbers of persons living alone (75) and
cohabiting with time (76).
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Several micro-simulation models more relevant to the work undertaken in this
project have been developed and the methodology used described in detail (43,
58). One of the most popular micro-simulation models for household dynamics was
developed at University of Frankfurt in Germany (58). Coded “sfb 3". the model was
part of a general modelling effort aimed at analysing income distribution and social
policy. The initial micro-data file used in the model had a record for each household
containing among other variables size and head of household, one record for each
person in each household with their personal characteristics, their relationship to the
head of household and some socio-economic variables. The records of married
persons contain pointers to their spouses and those of children point to their

parents.

Menken (77) and Clarke (60) provided an excellent overview of micro-simulation
modelling of household dynamics and Murphy (78) discusses logical and practical
issues that arise when analysing household changes. The problem of sequencing of
events (like births, deaths, migration and movements) in simulations has been much
discussed (60, 79). However, whether one event occurs earlier than the other has
been found to have a negligible effect when working with intervals of 6 months or

even a year (80).

In micro-simulation models many explanatory variables can be introduced allowing
a detailed hypothesis to be investigated. This is because the size of micro-
simulation model is not determined by the number of explanatory variables but by
population size. However, the modelling efforts are constrained by limitations of

empirical data.

Consistency is maintained between population structures and family and household
structures in a micro-simulation model. This is because changes at the individual
level also initiate changes at family and household level due to the linkage of each
individual to a specific family or household.
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There is no standard modelling structure in the published micro-simulation
approaches and, hence, standardised comparisons across population structures are
not catered for. Micro-simulation requires more modelling resources and poses
higher demands on empirical data (dynamic models of individual behaviour should
be based on longitudinal data, as opposed to cross-sectional data, which may be
scarce).

2.2.3 Developing countries

The micro- and macro-models reviewed above were based on data from developed
countries but most of their methods should be generally applicable anywhere.
Turning to developing countries, there has been very little work on household
dynamics. An important and interesting exception is work carried out at the
International Centre for Diarrhoeal Disease Research in Bangladesh (ICDDR.B),
one of the most productive health research field stations in a developing country.
Originally developed in 1960 as a Cholera Research Laboratory to study the
epidemiology and prevention of cholera, it now conducts studies on a defined
population (Matlab) and monitors important components of population dynamics
(births, deaths, marriages and divorces, and in- and out-migration) over time. The
main source of the routine data in Matlab, apart from periodic censuses and the
Record Keeping System (RKS) (which has recorded the reproductive status and
morbidity in women of reproductive age since 1978) is a Demographic Surveillance
System (DSS). This has provided longitudinal registration of vital events since 1966
(81, 82). Individuals are registered in a computerised database with field
surveillance designed to record all events and changes in household relationships
over time. There were long delays in developing the system, due to expensive
computer hardware, which diminished the usefulness of the data for policy and by
other field stations. As such, the DSS was criticized as too costly and complex for
practical applications. Even with a highly sophisticated DSS, the ICDDR(B) is
unable to yield periodically updated information on formation and dissolution of
households.
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As an alternative to the Matlab system, the Household Registration System (HRS)
(83) was designed at the Max-Planck Institute for Demographic research in
Germany, in 2000, to resolve limitations of the Matlab DSS. HRS is a computer
software system developed for diverse data collection from longitudinal household
studies. This system monitors population and household dynamics with
demographic surveillance and produces reports on cross-sectional and longitudinal
data associated with studies of households and their members. Although
appropriate for developed countries, the HRS is a form of technology transfer to
developing countries. The system is currently in use in research sites in Africa
(Burkina Faso, The Gambia, Ghana, Kenya, Mozambique and Uganda) and one
site in Asia (Indonesia). It maintains consistent records of significant demographic
events (such as births, deaths, marriages and migration) that occur to a population
in a fixed geographical area over time and computes basic demographic information
(age-specific birth, death and migration rates; age/sex distribution of the population
and life table functions). The HRS can be easily modified to suit particular projects.
The core structure of the HRS consists of characteristics of household members,
their relationships and demographic events common to all longitudinal studies.
Some requirements can be relaxed depending on population studied.

From this review, we see that there have been many published studies on
household dynamics methodology based on data from developed countries but few
have been reported from developing countries. Because of scarcity of data on
households in developing countries, it has not been possible to make elaborate
description of households that take into account various factors affecting their future
growth and structural changes. This project will make use of a large longitudinal
data set on households from Northern Malawi to discuss the effects of household
dynamics on misclassification of contact status.
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2.3 Exposure misclassification and relative risk

As discussed in previous sections, household dynamics play a crucial role in
determining contact status. If household dynamics are not taken into account in an
analysis, misclassification of contact status may occur. Misclassification is a well-
known source of error in epidemiological studies (84-91). Subjects can be
misclassified as to their exposure or disease status. There are two types of
misclassification. Non-differential misclassification occurs when the probability of
exposure (or disease) status being misclassified is independent of disease (or
exposure) status. Differential misclassification occurs when the probability of
exposure (or disease) status being misclassified depends upon disease (or
exposure) status.

Misclassification has often been discussed in the literature in terms of disease
outcome in cohort studies and in terms of exposure in case-control studies.
However, exposure can also be misclassified in cohort studies Subjects may either
become non-exposed just prior to registration for the study or change from non-
exposed to exposed after registration. Such situations are particularly common in
studies with long duration of follow-up. This study will be looking at an example of
exposure misclassification in cohort studies. Our exposure of interest is household
contact with an infectious case.

Early discussions of the consequences of misclassification of study subjects have
been presented in the literature by Bross (92), Diamond and Lilienfeld (93, 94),
Newell (95), Harper (96), Gullen et a. (97) and Goldberg (85). The early and current
discussions are based on results from analyses using methods developed to
qguantify misclassification and adjust observed estimates for misclassification. Most
of these methods assume observed data from 2x2 tables together with known
values of sensitivity and specificity (and hence misclassification rates) of the
classification procedure.
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There has been controversy on the extrapolation of known values of sensitivity and
specificity (from validation studies or otherwise (98, 99)) obtained outside the study
population. In a well-known example, Diamond and Lilienfeld (94) applied
misclassification rates from an earlier study of the validity of statements concerning
circumcision status and physical examination findings to a different study by
Wynder of the relationship of circumcision status of husbands to cancer of the
cervix (100). Their findings were challenged by Newell (95) on the basis of the
applicability of misclassification rates from a different study.

Several methods have been developed to quantify and adjust estimates for
measures of effect for misclassification (90). Copeland et al. (86) and Barron (101)
developed formulae to estimate the “true” value of the relative risk (or odds ratio) as
a function of misclassification. Barron derived the “true” state of nature (of the
association between exposure and disease outcome) as a non-linear function of
observed state of nature and the probability of misclassifiying with respect to each
of the two variables. Farrington (102) developed a mathematical model to quantify
misclassification bias in cohort studies. More recently, Reade-Christopher et al.
(103) developed a regression model which helps assess the potential for bias in a
follow-up study with categorical data when misclassification is ignored and corrects
for misclassification bias in the estimates when reliable information is available.
Sosenko and Gardner (104) extended the method of Copeland (86) to show the
relationship between attributable frequency and misclassification bias.

The above methods assume the misclassified variable is dichotomous, that there is
no bias due to confounding and that misclassification only affects the comparison of
the two groups eg. disease occurrence in cohort studies. These methods also
implicitly assume a variance of zero. In view of this, Espeland and Hui (105)
developed a log-linear model, which, apart from incorporating information on error
rates and biases, also enables variance estimation and can be generalised to larger
contingency tables. Greenland (106) extended the method by Selen (107) for
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variance of group means to estimate the variance of the error rates. Greenland
(108) and Armstrong (89) also looked at the effect of misclassification in the
presence of a covariate or confounder (3-way table). Inclusion of a third variable
may be dictated by the need to control for confounding and to study heterogeneity
in the measure of effect of exposure across levels of third variable (effect
modification).

Applications of these methods have shown that misclassification is a function of
exposure frequency, disease frequency, sensitivity and specificity (86, 101, 104,
105, 108). Use of the same specificity and sensitivity values on several
misclassified data showed that biases in differential misclassification can vary. This
variation depends on the true attributable frequency of exposure or disease (104).

The direction of bias in the estimates will depend on the type of misclassification.
Various investigators have looked at the effect of differential versus non-differential
exposure misclassification on the relative risk of disease. In non-differential
misclassification, the bias is usually towards the null i.e. the strength of association
is weakened. When differential misclassification is present, the bias in estimates
can go either way (86, 104, 108). Barron (101) found that the relative risk of
endometrial cancer between hypertensives and non-hypertensives adjusted for
misclassification was greater than that estimated when errors of classification were
ignored. Copeland et al. (86) convey in clear graphic and tabular form the direction
and magnitude of bias in estimates by varying the error rates. These findings
usually have involved different types of observed or computer-generated data.

The exposure of interest varies depending on the study undertaken. For example, in
determining risk of lung cancer, smoking would be an exposure of interest (109). At
times, surrogate exposures have been used as it is difficult to measure actual
exposure. For example, coffee has often been used as surrogate for caffeine intake
(110), and maternal residence at birth as surrogate to environmental exposure (111,
112) In determining the transmissibility of infection in household, household contact
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can be our exposure of interest. Studies to investigate household contact as a risk
factor for infection in cohort studies should take into account misclassification of
household contact status because of the dynamic nature of households. This study
will make use of a large data set on leprosy to obtain misclassification rates
associated with household contact and will discuss the adjustment of relative risk

estimates in this context.
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2.4 Mortality, fertility and migration (in Malawi)

In order to understand transmission of infections in households through contact with
source cases, there is need for information on changes in household composition
and structures over time and patterns and trends of marriage, fertility, mortality and
migration in populations. Demographic changes reflect these patterns.

Before studying household dynamics and its demographic effects, it is important to
look at agreement of the observed data with previous results of studies conducted
on the same or similar populations. The data used in this project for modelling
household dynamics were obtained from a large epidemiological study in a rural
population in Karonga District, Northern Malawi. We will wish to compare these data
with results from censuses and surveys conducted in Malawi.

Sources of data on demographic events are limited. This is a problem in many
developing countries. The two main sources of household data are population
censuses and sample surveys. Although sample surveys furnish data on individual
status transitions, they are in most cases set up for a different purpose. For
example, the LEP data (1) employed in this project arose from an investigation of
the epidemiology of leprosy in a rural population of Northern Malawi. However,
observed transition rates of events between two surveys can be entered as
parameters to run a micro-simulation model of household dynamics, as in this
thesis.

Longitudinal studies also provide potential for household modelling if the individual
and household data are linked between consecutive surveys (as they were in the

LEP studies).

Although transition rates (probabilities) may also be derived from vital statistics
(113), a disadvantage of such data is that they refer to legal situations as opposed
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to factual circumstances e g. marriage as opposed to cohabitation. They may also
lack contextual data on the relationship between social economic status and
demographic circumstances of individuals.

In Malawi, like in many Sub-Saharan African countries, the main sources of
information are national censuses and household surveys e g. Demographic Health
Surveys (DHS) and Family Formation Surveys (FFS). The Malawi 1992 DHS was a
nationally representative sample survey aimed at providing information on mortality,
fertility and morbidity levels, among other health issues. Some information may also
be available from research studies carried out in particular populations.

The common events affecting household structures over time are mortality, fertility,
migration (49), increasing landlessness and marriage (47). These have important
implications for future composition of households and for infection transmission.
Changes in these demographic rates may affect household size and composition
and hence the proportion of source cases and their contacts. As this may lead to
bias in estimates of the risk of disease under investigation, an understanding of the
demographic changes is important for understanding the implications of contact on
infection transmission in households.

This section reviews published results on fertility, mortality and migration obtained
from census and Demographic and Health Surveys (DHS) carried out in Malawi
The results will be compared to those from descriptive analyses of the LEP data.

2.4.1 Fertility

The populations in Sub-Saharan Africa are predominantly young, reflecting highly
fertile, rapidly growing populations. Slightly over 45% of the population in these
countries is under 15 years of age as shown in Table F.1 of Appendix. This has
implications for household dynamics and for contact-associated risk of disease.
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The crude birth rates for Malawi according to the 1977 and 1987 census results
were 48 and 41 births per 1000 persons (114). Comparative figures for Karonga
district were 50 and 37 births respectively, suggestive of a decline in fertility
between 1977 and 1987.

The most widely used measures of fertility are the “total fertility" rate (TFR) and the
“age-specific fertility" rate. Total fertility rate is defined as the average number of
children a woman would have by the time she completes her reproductive period,
assuming current levels of fertility.

The TFR, as reported in the 1987 census and MDHS (45), were 5.7 and 6.7
children respectively. These values were lower than that of 7.6 estimated in the
Family Formation Survey (FFS) (44). Fertility among rural women was higher than
that of urban women. For example, in the northern region it was 6.0 and 5.3 children
for the rural and urban areas respectively.

Early childbearing leads to larger family size and is associated with increased health
risks. Over one-quarter of women aged 15-19 years were reported in the MDHS in
1992 as having at least one child (45).

2.4.2 Mortality

The crude death rates for all Malawi as reported in the 1977 and 1987 censuses
were 25 deaths and 14 deaths per 1000 persons respectively. The corresponding
figures for Karonga District were 16 and 17 deaths per 1000 persons respectively.
Although the national crude death rates for the 1977 and 1987 census suggest
mortality decline, the crude rate for the 1998 census was 21.1 deaths per 1000
population. This increase in mortality is probably attributable to HIV/AIDS.
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Infant mortality as reported in the Malawi Demographic and Health Survey (MDHS)
report (45, 79) during the 1988-92 period was 134 deaths per 1000 live births. The
under-five mortality appeared to decline from 258 per 1000 live births in 1978-82
period down to 234 per 1000 live births in the 1988-92 period (45, 79). Under-five
mortality is higher in the rural than urban areas but varies by region. In the northern
region, it was estimated at 202 deaths per 1000 in the 1988-92 MDHS report. These
under 5 mortality rate estimates were measured in retrospect based on maternal
interviews and are less reliable than prospective methods.

Deaths in childhood are highest for first births. Children are at high risk of mortality
due to biological and socio-economic factors related to poverty, especially evident
for children whose mothers started child bearing at a young age. Short birth
intervals are also associated with higher mortality. There is evidence that the
slowing of the decline in (under-five) mortality is partly due to the HIV epidemic.
Most infants who acquire HIV from their mothers die in the first five years of life.

Investigations by Timaeus (115), using 1977 and 1987 Malawi census data, showed
that mortality was higher for adult women than adult men. A series of enquiries in
the early 1970s found similar results (116).

2.4.3 Migration

Migration rates are estimated from census data by comparing the district at birth
and the current district of residence. Results from census data have concentrated
mainly on internal migration (migration within Malawi).

In the 1966 census (117, 118), it was reported that 11% (453,782) of the total
population were enumerated outside their district of birth. Of those enumerated
outside their birth district, 74% were within the same region. Migration within a
region was higher than from outside the region. For example, of those who migrated
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to Karonga, 83% were from within the northern region and the remainder from the
Central and Southern regions. Overall, the northern region has in the past
experienced high net emigration to other regions of the country. In the early
seventies, a large number of male labourers emigrated to work in the mines in
South Africa (117, 118). This must have contributed to an increase in the proportion
of female-headed households in the rural areas.

There was an increase in internal migration from the 1966 to 1977 census. In the
1977 census (117, 118) an overall higher number of male than female internal
migrants was reported. The census also reported a higher number of male than
female out-migrants from districts. These results are consistent with those obtained
in 1987 census (114). The male dominance among migrants was greatest at ages
20-39, the most economically active age range. The age distribution of male
migrants was older than female (median age of 26.6 and 24.5 years respectively).
The overall modal age group for migrants was 20-29.



CHAPTER 3 DATA DESCRIPTION

3.1 Study area

Most of the data for this study were collected as part of two population surveys,
carried out 5 years apart (on average), in Karonga District, Northern Malawi. The
details of the fieldwork methods have been described elsewhere (1). The first
survey (called LEP-1) was carried out from 1979 to 1984 and the second survey
(LEP-2) from 1986 to 1989. The second survey coincided with the recruitment
phase of a leprosy and tuberculosis vaccine trial (2). Over 112,000 and 146,000
individuals were interviewed in LEP-1 and LEP-2 respectively. In addition special
surveys (Sample Surveys, Kasowa, Kasyata and Lower Songwe) coded SS/KKL for
convenience were carried out in 1984, to estimate leprosy incidence prior to the
vaccine trial, and in the 1990s, as part of the vaccine trial follow up. The temporal
relationship of all these surveys is shown in Figure 3.1.

Figure 3.1 A time chart showing periods when surveys were conducted in Karonga District,
northern Malawi.

LEP-2

SSIKKL

1975 1985 1990

Calendar

The district was divided into 5 ecological "zones” on the basis of general ecological
features (see Figure 3.2). These were the northern hills (Zone A), the northern lake
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shore area (Zone B), the southern hills (Zone C), the semi-urban area around the
district capital (Zone D) and the southern lake shore area (Zone E). Sometimes, for
analysis purposes, these zones were grouped further into Northern (zones A and B)
and Southern (zones C, D and E) Karonga.

To achieve high coverage, the surveys were carried out by house-to-house visits by
field teams. The areas covered in the two surveys were not quite identical (e g. the
LEP-1 survey omitted a small area in the southern tip of the district and sparsely
populated areas on the west of the district were omitted from LEP-2).

3.2 Individual information

For each individual, interviewers collected information on birth year, sex, mother
and father’'s names and identifiers, level of education, main occupation, village and
household in which the individual was resident, position in household and year of
joining household. The LEP data did not directly record spouse relationships. Where
applicable, this has been inferred based on co-parent status (i.e. if a man and
woman were recorded as father and mother of one or more individuals, it could be
assumed that they were “spouses”. Not all co-parents were living together as

couples

Each individual was permanently identified in the project by an identification
(“IDENT”) number (six digits plus an algebraically determined check digit) and was
assigned initially to that household in which they were first found and interviewed
Each household was assigned a unigque (5-digit) “household number". An effort was
made in LEP-2 to trace the whereabouts and status of all individuals seen in LEP-1.
With such information, it has been possible to follow individuals from LEP-1 to LEP-
2 and to observe whether they had changed households, died or migrated to other
areas within or o