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Located in the Kassena-Nankana districts of northern Ghana, the
Navrongo health and demographic surveillance system (NHDSS)
was established in 1992 by the Navrongo health research centre
(NHRC). The NHRC is one of three research centres of the Ghana
health service. The activities and potential of the NHDSS for collab-
orative research are described. The NHDSS monitors health and
demographic dynamics of the two Kassena-Nankana districts of
northern Ghana and facilitates evaluation of the morbidity and mor-
tality impact of health and social interventions. The total population
currently under surveillance is 152 000 residing in 32 000 house-
holds. Events monitored routinely include pregnancies, births, mor-
bidity, deaths, migration, marriages and vaccination coverage. Data
updates are done every 4 months by trained fieldworkers. The NHRC
also undertakes biomedical and socio-economic studies. Additional
features of the NHDSS include the community key informant system
where trained volunteers routinely report key events, such as births
and deaths as they occur in their locality and the verbal autopsy
(VA) system for determining the probable causes of deaths that
occur at the community level. Data from the NHDSS are shared
with funders and collaborators and partners in the INDEPTH
Network. The Director of the NHDSS is the contact person for po-
tential collaboration with the NHDSS and the use of its data.

Keywords Health surveillance, health research, research collaboration,
field site

Why was the health and
demographic surveillance
system set up?
The Navrongo health and demographic surveillance
system (NHDSS) has been designed to provide an ef-
ficient platform for evaluating health and social

interventions. The Navrongo health research centre
(NHRC) operates the NHDSS that covers the
Kassena-Nankana districts (KNDs) of the upper east
region of northern Ghana (Figure 1). The NHRC
started in 1988 when the Ministry of Health of
Ghana, the University of Science and Technology,
Kumasi and the London School of Hygiene and
Tropical Medicine selected the KND as a site to
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investigate the impact of repeated large doses of vita-
min A supplementation on child survival (the Ghana
VAST Project). The VAST project showed that provid-
ing vitamin A supplements to children reduced the
number of clinic attendances and hospital admissions,
and lowered all-cause mortality by 20%.1,2

Following the completion of the VAST project in
1992, the Ministry of Health redesignated the Ghana
VAST site as the NHRC with a broader mandate to
investigate into health problems of the Sahelian eco-
logical belt of northern Ghana, and appointed
Professor Fred Binka as the Founding Director.
Although surveillance for research activities started

with the Ghana VAST project that registered and fol-
lowed up children <5 years of age,1,2 full HDSS was
established in July 1993, initially to support the evalu-
ation of the permethrin impregnated bednets study,
which demonstrated that sleeping under a treated
bednet was associated with �17% reduction in
all-cause morbidity and mortality in children.3

The platform has subsequently been used to deter-
mine the health and demographic impact of the
Navrongo community health and family planning
project.4–6 This project placed nurses within commu-
nities and supported them with trained locally based
volunteers. By reducing the distance between patients
and primary health-care services, the project led to an
increase in the uptake of family planning services,
reduction in fertility level and improved immuniza-
tion coverage and other health outcomes.4–6 The com-
munity health and family planning was the first
African experimental trial to establish the demo-
graphic impact of a family planning project. The find-
ings of the project are now a national policy in Ghana
and are being replicated in many other countries in

Africa. The NHDSS has since provided platforms for
evaluating several interventions of national and inter-
national significance (http://www.navrongo-hrc.org/
pubs/publications.html).

What does it cover now?
The NHDSS currently provides a framework for eval-
uating the morbidity and mortality impact of our re-
search interventions and a reliable sampling frame for
research projects. In addition, it monitors demo-
graphic and health changes in our study area, serves
as a control system for other health indicators in
Ghana and supports assessment of national public
health interventions. As one of the old community-
based surveillance systems in Africa, the HDSS is a
training ground for new health and demographic sur-
veillance systems across Africa and Asia. Table 1 pre-
sents variables that are collected routinely.
Presently, the platform is supporting a number of

studies; prominent among them are the INDEPTH-
led project that is assessing the effectiveness and
safety of new anti-malarials (www.indepth-network.
org), the quality of prenatal and maternal care
(QUALMAT) project that aims to improve the quality
of health care through addressing the existing
know-do gap challenges (www.qualmat.net) and the
meningitis vaccine project, which is a phase II,
double-blind, randomized, controlled, dose-ranging
study to evaluate the safety, immunogenicity, dose
response and schedule response of a
meningococcal-A conjugate vaccine administered con-
comitantly with EPI vaccines in healthy infants
(http://www.meningvax.org/clinical-004.php). The

Figure 1 Location of Ghana in Africa, the upper east region in Ghana and the Navrongo HDSS area in the
Kassena-Nankana districts of the upper east region
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group is also involved in determining whether screen-
ing and treatment at each scheduled antenatal clinic
visit, in pregnant women who sleep under a long-last-
ing insecticide-treated bednet, is as effective in pro-
tecting them from anaemia, low birthweight and
placental infection as the existing intermittent pre-
ventive treatment (IPT) with Sulfadoxine-
Pyrimethamine (www.mip-consortium.org/research_
projects/prevention_africa/Seasonal_IPTp_africa.htm).
The NHDSS is part of the MenAfricar consortium,
which is describing the epidemiology of meningococ-
cal carriage in the African meningitis belt before the
introduction of new meningococcal conjugate vac-
cines (www.menafricar.org/countries/ghana).

Where is the HDSS area?
The NHRC is located in the upper east region of
Ghana in West Africa (Figure 1). It is one of the
three field research centres of the Ghana Health
Service, with a specific mandate to research into pre-
vailing health issues in the three northern regions of
Ghana. The NHDSS covers the Kassena-Nankana east
and west districts of the upper east region (Figure 1).
Geographically, the surveillance area lies between lati-
tude 10.300 and 11.100North and longitude 1.10 west
and covers a total land area of �1675 km2. The area is
characterized by Guinea Savannah vegetation with a
short rainy season and a prolonged dry season from

October to March. The mean annual rainfall is
�1300mm with the heaviest usually occurring in
August. Mean monthly temperatures range from
22.88C to 34.48C.7,8 The local economy of the area is
based on subsistence agriculture, government estab-
lishments and several tourist attractions.
Operationally, the surveillance area has been

divided into five zones (North, South, East, West
and Central), and they have been further divided
into 247 clusters (Figure 2). Each cluster has an aver-
age of 70 compounds and a maximum of 99 com-
pounds. Individual compounds are mapped using
hand-held geographical positioning system receivers.9

The area has one referral district hospital, seven
health centres and several primary health-care clinics
in the area. In addition, there are 27 community
health compounds with resident community health
officers providing door-to-door health services to the
people. The NHDSS area is accessible by an efficient
road network and air transport with the nearest inter-
national and domestic airports being �200 km away.2

Who is covered by the HDSS and
how often have they been
followed up?
The operations of the NHDSS cover all persons and
households in the Kassena-Nankana east and west
districts. This involves regular visits to the households

Table 1 Routine information collected by the NHDSS

Update of residency status: (member present, died, out-migrated), mother ID, father ID, sex, date of birth, birth order.

Pregnancy: estimated date of conception, antenatal clinic attendance, gestational age at booking, gestational age at IPT
in pregnancy dose, tetanus injection, sleeps under insecticide-treated nets

Pregnancy outcome of existing pregnancy records, including date of delivery, number of children born, stillbirth
or live-born child

Births: date and place of birth, skilled attendance at delivery, sex of child, cord care, mother’s personal identity number
and birth history.

Vaccination updates for children 43 years: name of vaccine, date vaccine was received, mass campaigns and Bacillus
Calmette-Guérin scar, mid-upper arm circumference measurements and breastfeeding practice.

Education: currently in school, ever been to school, previous grade and current grade

Deaths: date and place of death. This is followed by VA for information on cause of death.

In-migration: name, sex and date of birth of migrant and date of in-migration. Place of origin of migrant and if previously
registered with the HDSS

Out-migration: name, sex, date and place of destination, and reason for migration

New marriage: name, religion, rank, lives with husband, lives with rivals. Marital updates for existing marital records (still
married, divorced, widow, died or migrated away).

Household-level information: household name, household size, ethnicity, religion, source of drinking water, toilet facilities,
number of rooms used for sleeping, main material used for floor and roof, type of cooking fuel, source of lighting,
ownership of land, methods of waste disposal, use of mosquito nets, access to mobile phones, number of durable
household goods and animals.

Compound-level information: number of households, latitude, longitude and elevation and place of location
(urban and rural).

VAs: cause of death, substance use (alcohol and smoking)
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to update health and socio-demographic information.
Trained fieldworkers visit compound every 4 months
to interview heads of households (Figure 3) using a
compound registration book (CRB), which contains
basic information of all individuals in a household.
Where a new event is recorded, the CRB is filled to
provide detailed information about that particular
event. The system maintains one unique identification
(ID) number for each individual who is registered.

For those who migrate from one part of the surveil-
lance area to another, they do so with the initial ID
number assigned to them in their original location.
Data that are collected routinely include pregnan-

cies, live and stillbirths, morbidity, deaths, in- and
out-migrations, childhood vaccinations and verbal
autopsy (VAs) on all deaths. Information collected
annually includes educational status, marriage, reli-
gion and national health insurance coverage.
Information on household socio-economic character-
istics is updated every other year. Table 1 provides
basic information on the HDSS routine data
collection.
The data collection process also includes the com-

munity key informant (CKI) system where individuals
are selected by their respective communities and given
some training by the research team to report events,
such as pregnancies, births and child deaths (deaths
to children aged <12 years). The CKIs are paid a
commission for each event they report after verifica-
tion by a field supervisor. The CKI system comple-
ments the routine data collection machinery by
recording in a timely manner, events that may occur
after a fieldworker has passed a particular location
during his or her routine rounds. All newborn chil-
dren registered are provided with birth certificates.
Data quality in the NHDSS is assured by field super-

visors who do on-site quality checks by liaising with
the data processing centre to resolve queries and rec-
oncile all migrations. Specially trained field
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Figure 2 A map of the Kassena-Nankana district showing the district boundaries, the five zones of the NHDSS and other
physical landmarks within the district

Figure 3 Trained fieldworker interviewing a household
head during a census interview within the NDSS using a
CRB
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supervisors conduct VAs on all deaths recorded at the
household level to help ascertain the probable causes
of death. The VA interviewers collect information
from caregivers of deceased individuals on all that
transpired from the time of illness till death occurred.
This includes a disease narrative, a checklist of signs
and symptoms and a structured questionnaire based
on the INDEPTH network standard VA question-
naire.10 The data are usually reviewed by three phys-
icians to determine the probable causes of death. A
cause of death is assigned when there is concurrence
between at least two of the physicians using the codes
of the International Classification of Disease11 as a
guide.
As at June 2011, the HDSS covered 18 000 com-

pounds with 33 600 households; average household
and compound sizes were five and nine, respectively.
Overall, 80% of the households were located in rural
areas, and 31.6% were headed by females. Types of
household dwellings were mixtures of traditional
(Figure 4) and modern architecture. The total popu-
lation size stood at 153 293 with 52% being females:
37% <15 years and 10% 560 years of age. A total of
3886 live births and 1531 deaths were also registered.
Table 2 provides population description of the NHDSS
as at June 2011.
Figure 5 shows the population pyramid of the HDSS

in 1995 (above) and as at 2011 (below). Overall total
fertility in the area has declined from 5.1 in 1995 to
3.8 in 2011, whereas life expectancy increased from
43 years to460 years within the same period. During
the 2011 year under review, 17 244 out-migrations
(62.5% external) and 16 021 in-migrations (60.7% ex-
ternal) were recorded. Reasons for out-migration
included looking for job (38.4%), moving out with
relatives (30.8%), new residence (7%), marriage
(5%) and others (18.8%). For in-migrations, these
included moving in with relatives (32.2%), looking
for job (17.5%), new residence (10.8%), marriage
(7.4%) and others (29.2%).9

What has been measured and how
have the HDSS databases been
constructed?
Different data have been measured at different time
periods under the NHDSS. Longitudinal health
and demographic data have been collected over
the past two decades. In addition, information on
non-communicable diseases involving adult, maternal
and child health has been determined. Data on mal-
aria epidemiology, including malariometric features of
the area, have been extensively characterized (www
.navrongo-hrc.org). Other biological measures that
have been documented in the area include carriage,
outbreaks and surveillance of the meningococcal
meningitis (Figure 6). Respiratory infections including
pneumonias, diarrhoeal diseases and rotavirus
infections in children are being investigated. Studies
on neglected tropical diseases, micronutrient deficien-
cies, and safety, immunogenicity and pharmacokin-
etics of drugs and vaccines are also investigated.
Immunology, genomics and genetics biomarkers are
studied.12–17

The NHDSS uses a relational database system called
the Household Registration System (HRS2).18 The
HRS2 was a collaborative venture of the NHRC, the
Population Council of United States of America
and the University of Southern Maine. The HRS2 is
a structured system, designed and programmed

Table 2 Demographic characteristics of the Navrongo
HDSS as at June 2011

Characteristics Estimate

Total resident population 153 293

Male:female ratio 0.92

Population density 91.5 km2

Population growth 8.1/1000
(0.81%)

Crude birth rate 25/1000

Crude death rate 10/1000

Crude out-migration rate 70.4/1000

Crude in-migration rate 63.5/1000

Total fertility rate 3.8

Neonatal mortality rate/1000 live
births

13.4

Infant mortality rate/1000 live
births

32.1

Under-5 mortality rate/1000 live
births

60.8

Life expectancy at birth (males)
(years)

56.4

Life expectancy at birth (females)
(years)

67.0

Figure 4 A traditional architecture within the NHDSS area
of northern Ghana
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through the relational database package, using Visual
FoxPro. It is designed to function as a template for
generating computer programs that facilitate the col-
lection, management and analysis of demographic
surveillance system data. It is an ‘application frame-
work’ designed purposely to facilitate the develop-
ment of population-based demographic surveillance
systems. It has a ‘core system’ that provides many
of the common software requirements of field re-
search laboratories and can be modified to tailor soft-
ware of different specifications.
In addition to its core functions, the building block

of the HRS2 framework allows for the construction of

additional modules for project-specific data. The HRS2,
which is presently in use, has a data quality and in-
tegrity with field and row-level validation rules and
table triggers to maintain consistency in the database.
It has a user interface with automatic recording of
errors, simplified data entry forms and a high inter-
active capability. The system has the flexibility to track
new types of information, multiple relationships and
the concept of social groups (multiple families in one
location). Others are non-resident individuals, preg-
nancy outcome with multiple births, Windows and
NT compatibility, robust object-oriented software
design and great user interface.
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Figure 5 Two population pyramids from the Navrongo HDSS. Pyramid A is from data collected in the 1995 census and
pyramid B is from the 2011 census
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Key findings and publications
Several outputs and publications have come from
the NHDSS (http://www.navrongo-hrc.org/pubs/publi
cations.html). Selected publications include the dem-
onstration that vitamin A supplementation to children
can reduce the number of deaths by �20%,1,2 and
the use of permethrin-impregnated bednets is asso-
ciated with �17% reduction in all-cause morbidity
and mortality in children.3 Recently, the Navrongo
experiment showed that placing nurses within commu-
nities and assisting them with trained locally based vol-
unteers can lead to reduced fertility, increased
utilization of family planning services, increased child-
hood immunization coverage and better health
outcomes.4–6

Other outstanding findings include the demonstra-
tion that pre-referral rectal artesunate can prevent
death and severe disability in children with severe
malaria,19 a randomized, controlled trial of intermit-
tent preventive treatment with sulfadoxine–pyrimeth-
amine, amodiaquine or the combination in pregnant
women20 and a cluster randomized trial of intermit-
tent preventive treatment for malaria in infants in
areas of high seasonal transmission.21 Others are a
randomized, double-blind, placebo-controlled trial of
the efficacy of pentavalent rotavirus vaccine against
severe rotavirus gastroenteritis in infants22 and a
phase II, randomized study on an investigational
DTPw-HBV/Hib-MenAC conjugate vaccine adminis-
tered to infants in northern Ghana.23 We recently
used the HDSS to show rapid achievement of the
child survival millennium development goals (MDG)
in our catchment area,24 the decline in maternal mor-
tality in the Kassena-Nankana district of northern
Ghana,25 and the impact of immunization on the as-
sociation between poverty and child survival.26 Other
salient studies the NHDSS have supported include
testing of drugs, vaccines, clinical and other socio-
epidemiological studies27–40 (http://www.navrongo-
hrc.org/pubs/publications.html).

Future analysis plan
Future analyses of the demographic data will among
other things investigate the long-term impact of the
Navrongo experiment on fertility, child survival and
mortality and examine the health and demographic
transition of the study area. We shall examine the
migration dynamics in the study area and the effect
of changes in household structure on child survival,
total mortality and fertility. We are also monitoring
the attainment of some of the MDG in the surveil-
lance areas. We plan to use the existing comprehen-
sive malaria, meningitis and other infectious diseases
data to examine recent changes in communicable dis-
eases epidemiology in the surveillance area.
Collaboration for examining and analysing these and
other research activities are most welcome.

Strengths and weaknesses
The major strength of the NHDSS is the cumulative
experience and capacity in health and demographic
surveillance built up in the two decades that the
system has existed. The regular household census
updates allow continuous, household-level monitoring
of all vital events and health indicators. The
longitudinal nature of our HDSS allows for the deter-
mination of causal effects of many phenomena of
interest and long-term impact assessment of research
interventions. Individuals who were instrumental in
the setting up of the HDSS �20 years ago are still
providing technical guidance for the running of the
system. They also train and provide technical support
to new sites which are in need of such expertise.
Among the weaknesses is the existence of data ac-

cumulation because of the limitation of all-round cap-
acity to do different analyses, probably resulting from
the lack of an priori hypothesis. Frequent and rigorous
data collection brings with it high cost and other com-
plexities, such as respondents’ fatigue. Though the
current location has been a success, there is a need
for additional sites or cluster of sites in the other two
regions of northern Ghana, so as to spread the sur-
veillance success to all our catchment regions.

Data sharing and collaboration
Access to the NHDSS data is controlled and deter-
mined by the head of the NHRC. There are, however,
opportunities for collaboration to analyse or
re-analyse some of the existing data. Collaboration
in research in our catchment areas using the HDSS
platform is also very much encouraged. Persons inter-
ested in working in the NHRC should contact the
Director using the address below. Data sharing is fre-
quently done with funders, collaborators and partners
in the INDEPTH-Network. Details of the contact
person for potential collaboration with the HDSS
in the use of data are as follows: The Director,

Figure 6 Biomedical scientists working on meningococcal
throat samples in the clinical bacteriology laboratory of the
Navrongo Health Research Centre
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KEY MESSAGES

� The NHDSS has been designed to provide an efficient platform for evaluating health and social
interventions.

� The NHDSS is community based and located in rural northeastern Ghana with more than two
decades of cumulative longitudinal demographic data and more than 150 000 people under continu-
ous surveillance.

� The NHDSS currently supports assessment of interventions to prevent infectious diseases, monitors
demographic and epidemiological changes in the study area and serves as a control system for other
health indicators in Ghana.

� We have recently shown, using the NHDSS data, a rapid achievement of the child survival MDGs, a
significant decline in maternal mortality ratio and the impact of immunization on the association
between poverty and child survival in our operational area.
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