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households and a lower population density, factors that were independent predictors for
more ‘missed’ movements (see below). After taking account of these characteristics, there
was no significant difference between ndunas and other village informants with regards
to more than 20% missed movements (OR: 1.54 [0.60-3.98]).

Table 4: Association of village informant (VI) and cluster characteristics with
‘missed’ events

proportion of VI-clusters above threshold of
Village informant characteristics n ≥10% ‘missed’ vital ev. ≥20% ‘missed’ moves

VI gender male 82 30% 60%
female 15 13% p=0.2 40% p=0.2

VI age <40 19 26% 42%
40-49 31 19% 45%
50 + 47 34% p=0.7 † 70% p=0.06 †

VI education* primary 1-4 19 42% 68%
primary 5-8 52 17% 58%
sec. or higher 25 40% p=0.9 † 48% p=0.2 †

VI is nduna no 45 20% 44%
yes 52 35% p=0.1 67% p=0.02

Cluster characteristics

number of <25 18 22% 39%
households in 25-34 32 44% 59%
cluster 35-44 26 12% 46%

45-54 14 29% 79%
55 + 7 29% p=0.6 † 86% p=0.02 †

cluster size (km2) <0.25 32 28% 41%
0.25 – 22 32% 50%
0.5 – 24 33% 79%
≥1 19 16% p=0.5 † 63% p=0.02 †

pop. density <250 24 21% 67%
(persons/km2) 250-499 31 29% 61%

500-749 13 38% 62%
750 + 29 28% p=0.6 † 41% p=0.06 †

* educational level was not recorded for one VI
† test for linear trend across ordered groups
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While there was no clear trend in the relationship between the number of house-
holds per cluster and the proportion of ‘missed’ vital events, village informants with more
households were significantly less likely to report more than 80% of the movements in
their cluster. Interestingly, there appeared to be a critical threshold of 45 households per
cluster below which the completeness of reporting of movements did not vary signifi-
cantly. A similar association was seen for the cluster size (area in km2), with an increased
proportion of movements being ‘missed’ in clusters of 0.5km2 or larger. Conversely, a
higher population density was associated with a lower risk of ‘missed’ movements above
the threshold. Cluster area or population density showed no clear association with the
proportions of vital events ‘missed’. There was no indication that the total number of vi-
tal events or movements per cluster influenced the proportion of events ‘missed’ (results
not shown).

4.3 Completeness of infant death registration

662 babies, who were born in one of the 13 reporting groups and who were believed to be
still alive and resident in the area, were visited at 12 months. This scheduled follow-up
identified only one infant whose death had not been reported or registered otherwise.

The distributions of the 197 deaths under 2 years of age registered in the CRS as of
November 2005 and the national estimates from the 2000 Malawi DHS are displayed by
month in Figure 3; 37.2% of infant deaths captured in the CRS had occurred within the
first month of life compared to 42% estimated in the 2000 Malawi DHS. The proportion of
neonatal deaths that occurred in the first week of life was 67.6% in the CRS and 67% in the
2000 DHS (distribution by weeks not shown in Figure 3) (17). Figure 3 also displays the
77 late foetal deaths (miscarriages after ≥28 weeks of gestation and stillbirths) registered
in the CRS. The ratio of late foetal deaths to deaths within the first 7 days of life (early
neonatal deaths) was 83:51 (1.63) in the CRS and 148:116 (1.28) in a large community
follow-up study of pregnant women in the south of Malawi in 1996 (16).

4.4 Staffing, logistics and costs

The Karonga CRS was set up as part of a multi-disciplinary research programme and
therefore shared the existing project infrastructure and core administrative and support
staff. Demographic data collection currently relies on a pool of 230 trained village in-
formants for the continuous registration of demographic events in the community and a
team of 7 full-time professional enumerators who organise the monthly reporting sessions
and conduct all household visits to fill detailed event registration forms and update field
registers. The monthly village-informant-fees total approximately $7,000 annually. All
project enumerators are equipped with motorbikes and cover a total of 5,500km per month
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Figure 3: Distribution of age at death in months comparing the events registered
in the CRS up to November 2005 with the estimates from the 2000
MDHS derived from retrospective birth histories.

*) Estimates for late fetal deaths are not available from the 2000 MDHS; the proportion of late fetal deaths

registered in the CRS is calculated using the total of the under 2 deaths as the denominator.

to attend reporting sessions and visit households in the surveillance area of 135km2. Five
trained data-clerks and one supervisor are responsible for the processing, entry and data
cleaning of the approximately 15,000 incoming event questionnaires per year and for the
production and checking of the field registers. The CRS was designed, implemented and
supervised by the authors, all of whom were involved to a varying degree in other scien-
tific activities. Their salaries have not been included in the costing, but the equivalent of
a full time demographer/epidemiologist is needed to run the study.

To estimate the total annual running costs, a proportion of the core project costs has
been added to the CRS budget. With the current staffing levels (excluding the scientist)
and logistical setup, an average of approximately $2.4 is spent on each individual under
surveillance per year.
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5. Discussion

Approximately 60 Demographic Surveillance Systems have been established in develop-
ing countries worldwide over the past 50 years and 33 have joined the INDEPTH network.
Though the designs of these projects differ, most have been able to provide high quality
demographic and health data. The Karonga CRS was designed to generate detailed longi-
tudinal demographic data and to provide an accurate sampling frame for epidemiological
studies. Building on the existing traditional structures in this rural African community, the
system was designed to maximise the participation of respected community members in
the data collection process while minimising the annoyance to the population which may
arise through repeated household enumeration. The Karonga CRS requires an average of
0.6 visits per household per year by project staff and is less intrusive in the community
than those requiring yearly or more frequent visits.

We found that our village informants could be trained to keep a standard pre-formatted
household register and to capture vital events reliably although most of them had only a
very basic educational level. The analysis of village informant and cluster characteristics
suggested that females and individuals under the age of 50 were more successful in the
registration of births and deaths and that clusters should be designed to comprise no more
than 45 households and to cover an area of not more than 0.5km2 for reliable reporting of
movements by village informants. The performance of the village informants was only
partly predicted by their socio-demographic characteristics, and the individual motivation
and reliability of reporting varied. The systematic evaluation of the routine reporting and
registration system in the re-census led us to review the recruitment criteria for village in-
formants and the formation of household clusters. Twenty-one of the original 209 clusters
were subsequently split and a number of older informants (mainly ndunas) were replaced.

The re-census two years after the start showed that only a small proportion of births
and deaths had escaped the routine system of village informant reporting and opportunis-
tic registration. Considering the observed proportions of events reported with delay it
is likely that fewer than 3% of births and 2% of deaths would not have been picked up
eventually without the re-census. Although these small proportions would not greatly in-
fluence the estimation of fertility and mortality rates, the accumulation of missed events
without periodic re-censuses would gradually weaken the population database used for
epidemiological sampling so it appears that a two-yearly re-census cycle is appropriate.
The large pool of village informants, like any team of permanently employed enumera-
tors, requires regular supervision and quality checking to detect possible fatigue or proto-
col drift and continuous monitoring and regular evaluation is essential for a long-running
system like the CRS.

The comparison of the distribution of age at death in children under 2 years recorded
in the CRS with the estimates from the 2000 DHS and the data from the community
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follow-up-study (16) suggests that there was no selective omission of late foetal, peri-
natal and infant deaths in the CRS. Given that the events most likely to be missed are
the very early infant deaths, this may indicate that the death registration across other age-
bands was nearly complete, Early neonatal deaths may be confused with late foetal deaths
(16) and the slightly different ratio from that found in the other study from Malawi (16)
may be due to misclassification in retrospective birth history interviews.

Permanent identifiers for the primary subjects under demographic surveillance (in-
dividuals and households) are a prerequisite for the generation of consistent and high
quality DSS data. The Karonga CRS utilises a system for the identification of individuals
and households developed by the project 20 years before the start of the DSS - a system
that is independent from the allocation of individuals and households to residential units.
As shown from previous studies, the reliability of the identification process enables us
to track individuals and households over long periods of time even if they return from
outside the district (4, 6-8). It also allows linkage of information from related studies in
the same population (including outside the CRS area), and does not require the individual
to be present each time identification is required (unlike an ID card or biometric system).

The particular strengths of the Karonga CRS, compared to other studies, lie in its de-
tailed data on migrations, including the linkage of individuals over time as they migrate
within, in and out of the area. Births and deaths are followed up within a very short inter-
val as they do not have to wait for the next census round. The linkage of children to both
parents and the linkage of individuals to their spouses, even if they do not share a house-
hold, is a unique resource for genetic studies and for studies of orphanhood and childcare
arrangements. Community informants may have more insight into and knowledge of dy-
namics such as changes of households than outside enumerators. The disadvantages of
the infrequent census cycles are that socio-economic data are less frequently updated, and
collecting additional data on the population requires the organisation of extra surveys.

DSS data collection methods are costly and the long-term continuous funding of the
sites remains a challenge. Due to the comparatively small number of employed field staff
that are required for the event-triggered registration system, the annual budget required to
run the Karonga CRS is modest.

The methods developed for the Karonga CRS may well be applicable to other areas,
particularly rural areas where traditional community structures remain strong.
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Appendix

Identification of individuals

In this population few people have personal identification documents and personal details
(including names) may vary at successive interviews. Names are typically spelt according
to pronunciation and therefore inconsistently, and it is common for a person to ‘discard’
previously used names and to assume new names over the course of his or her life, often
in the context of specific demographic events (e.g. adulthood, marriage, divorce).

Although educational levels have improved since the 1980s, an appreciable proportion
of the population, particularly women and older people, are unable to provide a precise
year of birth. The project originally developed a local events calendar to estimate the
period when a person was born when the informant was unable to report a precise year
(22). The events calendar was later replaced by birth decade estimates.

Due to these factors, personal identifiers recorded on successive interviews do not
always match exactly the identifiers of the same individual stored in the database. The
correct re-identification thus relies on simultaneous comparison of multiple characteristics
to determine a match.

The characteristics routinely recorded for identification are:

• Names (family names, given names, nicknames, clan names and additional names
that may have been used in the past)

• Sex
• Date of birth
• Mother’s and father’s details (names, survival status, name of current household

head, village)
• Village of birth
• Names of up to 3 full- or half-siblings alive in other households in the district
• Name of current spouse(s)
• Name of current household head and current village of residence
• Name of previous household head and previous village of residence
• Year and location of any previous contacts with the project, as recalled by the re-

spondent

This detailed identification system was developed during the LEP surveys in the
1980s. Although a formal evaluation has not been conducted due to the unavailability
of an independent system that could be used as a ‘gold-standard’, experience has shown
that individuals are reliably re-identified even when the interval between the contacts
is more than a decade. For example, over the course of 20 years, 430,000 study con-
tacts with previously known individuals required re-identification from the database, and
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records indicate that in only 0.7% of repeat contacts had known subjects not been cor-
rectly recognised and assigned with a new identifier.

An advantage of this identification system compared to those based on bio-features
such as photographs or fingerprints is that it is usually possible to ascertain the identity of
a household member from a proxy informant in the household without the need for each
individual to be present during the interview.

Since 1981, the identifiers of both the biological mother and the biological father have
been collected systematically for every individual recruited, allowing the reconstruction
of complete family trees. These data have been used for genetic studies of tuberculosis
and leprosy. (11, 12, 27)

Baseline census

The study has been well received by the community. In the course of the baseline cen-
sus and the following continuous surveillance, the field team encountered fewer than 25
households that initially refused to be interviewed. Only a small community of Old Apos-
tolic Believers (approximately 15 households) completely refused to participate, on the
grounds of their faith, and have had to be excluded permanently.

The baseline census enumerated 28,843 individuals and 5,820 households. 988 (17%)
households were headed by polygamists and although each polygamist was only counted
as one individual he was recorded as the head in each of his households. In total, 5,274
individuals (18.3%) were classified as heads (of 1 or up to 5 households), 23,526 (81.6%)
as regular members, 38 (0.1%) as renters living with a resident household and 5 (0.02%)
as itinerants (i.e. homeless individuals without permanent affiliation to any household). A
further 1,218 individuals were classified as non-members: 95.3% of these were reported to
be visitors, 4.2% as household employees and for 0.5% the position was missing. Visitor-
and employee-status was only assigned if the person was considered to have maintained
their membership in another household. Due to their non-membership status, these in-
dividuals were excluded from surveillance in the household where they were originally
enumerated.

The median reported duration of stay for visitors was 3 months (50% of the visit
intervals were between 1 and 13 months) and 95.4% of visitors had been at the household
on the day of the interview.

Figure 4 displays the proportion of household members actually seen at their dwelling
as recorded during the baseline census by age and sex. Although an appointment had been
made with each household during the booking visit, encouraging adults to be present for
the census interview, only 60.8% of household members (53.8% of males and 67.7% of
females) were actually seen at the census visit. A further 33.4% were recorded to have
been at the household on the day of the interview but had left before the enumerator
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Figure 4: Pattern of presence and absence from the dwelling of CRS subjects at
the baseline census.
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arrived. Thus, a total of 94.2% of household members had been present on the day of
the census visit. Only 2.3% of 14,623 males and 2.1% of 14,934 females who were
included as household members had not been at the dwelling during 4 weeks prior to the
census interview and might therefore be considered not currently resident. The highest
proportions of members not present within the last 4 weeks were found in the 15-24 year
olds (males: 4.1%; females: 3.6%) and in members aged 50 or above (males: 3.2%;
females: 2.8%).

Of the 4,832 non-polygamist heads of household (males and females combined),
64.8% were seen at their household, whereas 30.6% were not seen but had been at the
dwelling on the day of the interview, 2.6% had not been there on the day of the interview
but had been within the last 4 weeks and 2.0% had been away for more than 4 weeks. The
distribution was very similar for the 451 polygamist heads. Thus household heads were
less likely to be long-term absent than were household members.

To date approximately 60 households were discovered that were reported to have been
present in the CRS area at the time of the baseline census but that had escaped enumera-
tion. These missed households were commonly brought to the attention of the enumera-
tors by the report of a demographic event through a village informant and this notification
triggered a household visit. For analyses, any birth or death that occurred before the first
household interview that initiated the continuous demographic observation was consid-
ered left-censored and excluded.
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