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Abstract

The Rufiji Health and Demographic Surveillance System (HDSS) was established in

October 1998 to evaluate the impact on burden of disease of health system reforms

based on locally generated data, prioritization, resource allocation and planning for es-

sential health interventions. The Rufiji HDSS collects detailed information on health and

survival and provides a framework for population-based health research of relevance to

local and national health priorities.

In December 2012 the population under surveillance was about 105 503 people, resid-

ing in 19 315 households. Monitoring of households and members within households is

undertaken in regular 6-month cycles known as ‘rounds’. Self reported information is col-

lected on demographic, household, socioeconomic and geographical characteristics.

Verbal autopsy is conducted using standardized questionnaires, to determine probable

causes of death. In conjunction with core HDSS activities, the ongoing studies in Rufiji

HDSS focus on maternal and new-born health, evaluation of safety of artemether-lume-

fantrine (AL) exposure in early pregnancy and the clinical safety of a fixed dose of dihy-

droartemisinin-piperaquine (DHA-PQP) in the community. Findings of studies conducted

in Rufiji HDSS can be accessed at www.ihi.or.tz/IHI-Digital-Library.

Key words: Demography, fertility, mortality, migration, verbal autopsy, cause of death, INDEPTH net-work,

Tanzania, Rufiji
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Why was the HDSS set up?

Rufiji HDSS was a vital component of Tanzania Essential

Health Interventions Project (TEHIP), a collaborative dem-

onstration project of Tanzania Ministry of Health and

Social Welfare (MoHSW) and International Development

Research Center of Canada (IDRC). TEHIP was estab-

lished to test the idea that evidence-based health planning

could produce efficiencies that would lead to positive im-

provements in local health. The Rufiji HDSS was estab-

lished as a sentinel site by TEHIP in 1998 to collect

comprehensive data on mortality to: (i) generate and pack-

age annual longitudinal data on burden of disease for dis-

trict planners in coastal districts of Tanzania; and (ii) to

monitor the cause-specific mortality impact of changes in

district health services. The project showed that child

mortality fell by over 40% in the first 5 years following

introduction of evidence-based planning.1 Most HDSS

sites were established to host randomized trials of health

interventions. The Rufiji HDSS was unusual in that it was

established to provide a health systems observatory to

monitor the effects of changes in health policies and

services.

Following the completion of TEHIP in 2003, the

MoHSW handed over management of Rufiji HDSS to

Ifakara Health Institute, based on its wider experience and

contributions in research and training on public health

issues.

What does the Rufiji HDSS do?

Since its inception, Rufiji HDSS collects detailed informa-

tion on health status and demographic indices such as

births, deaths, pregnancies, pregnancy outcomes, marital

status changes, migrations (in and out of the survey area),

cause-specific mortality for all age groups, education level

of individuals, occupation of household members, immun-

ization status and household socioeconomic status based

on an asset score.

The Rufiji HDSS offers opportunity to conduct pro-

grammes that focus on health system strengthening, social

drivers of health, health systems research and secondary

data analysis for better understanding of the dynamics of

health, population and social transitions. Through these

programmes, studies have been conducted intended to: (i)

improve maternal, newborn and child health; (ii) improve

reproductive and child health; (iii) assess household health

and food security; iv) understand the temporo-spatial di-

mensions of malaria transmission intensity and mortality;

understand care-seeking behaviour prior to fatal episodes

of disease; (v) assess household socioeconomic status and

under-five mortality; (vi) evaluate the impact of data use

for planning; (vii) assess the consequences of rapid scale-up

of antiretroviral treatmengt for HIV for African health sys-

tems and maternal and child health; and (viii) evaluate the

systems effectiveness of case management of malaria.

The current programmes in Rufiji HDSS, ongoing since

2010, till focus on the same themes of research and include

studies to: (i) improve maternal, new-born and child

health; (ii) evaluate safety of artemether-lumefantrine (AL)

exposure in early pregnancy; (iii) evaluate the clinical

safety of a fixed dose of dihydroartemisinin-piperaquine

(DHA-PQP) in the community; (iv) explore infant feeding

patterns; (v) monitor vital events through use of informa-

tion technology; and (vi) assess orphanhood and life

trajectories.

Where is the HDSS area?

The Demographic Surveillance Area (DSA) is located in

Rufiji District, Coastal Region Tanzania about 178 km

south of Dar es Salaam city and extends between �7.47�

and �8.03�S and 38.62� and 39.17�E (Figure 1).

The Rufiji HDSS covers 1813 km2 that comprises 38

villages of Rufiji District. The district is largely rural

though population is clustered around Utete (outside the

district headquarters), Ikwiriri, Kibiti and Bungu town-

ships (Figure 2). The population density of Rufiji HDSS is

about 53 people per km2 and the average population per

village is about 2552. The district has hot and humid wea-

ther throughout the year with average monthly tempera-

ture of 23.7–28.4�C.2 There are two main rainy seasons:

Key Messages

• The Rufiji HDSS plays a key role in health planning by supplying longitudinal health and demographic indicators

along with relevant contextual data.

• The population of Rufiji HDSS has experienced a gain in life expectancy by 4.4 and 11.6 years for males and females,

respectively, from 1999 to 2012. Over the same period, the under-five mortality rates decreased by more than half

from 135.5 per 1000 live births to 61.4/1000, but neonatal mortality remained high at 24.4/1000.

• The total fertility rates have declined from 6.2 births per woman in 1999 to 4.6 in 2012.
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Figure 1. Location of Rufiji HDSS.

Figure 2. Rufiji HDSS population distribution by ward and health facilities.
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October–December and February–May. The average an-

nual rainfall ranges from 800 mm to �1000 mm.

The main economic activity is subsistence farming rely-

ing on periodic flooding of alluvial soil for rice and maize

farming. Other crops include cassava, millet, sesame, coco-

nut, cashew nuts and fruit trees. Animal husbandry and

associated farming practices have started to emerge with

the influx of the Sukuma ethnic group who are predomin-

antly from the Western and Lake zones of Tanzania.

As of 2012, the district has a total of 64 health facilities,

of which 54 are public and 10 private. These include 2 hos-

pitals (1 government and 1private), 5 government health

centres and 57 dispensaries; 20 of these facilities are found

within the DSA (Figure 2).

Who is covered by the HDSS?

At the initial census (October 1998–anuary 1999), all indi-

viduals who were intending to be resident in the DSA for

at least 4 months were eligible for inclusion. Verbal con-

sent to participate in the census was sought from the head

of every household. Definitions of several characteristics

such as household, membership, migration and head of

household are set in order to correctly assign individuals or

households to events or attributes. A household in Rufiji

HDSS is defined as a group of individuals sharing, or who

eat from, the same cooking pot. A member of the HDSS is

defined as someone who has been resident in the DSA for

the preceding 4 months. New members qualify to be an

in-migrant if s/he moves into the Rufiji HDSS and spends

at least 4 months there. Women married to men living in

the Rufiji HDSS and children born to these women qualify

to be members of the Rufiji HDSS. In the case of multiple

wives, the husband will be registered as a permanent resi-

dent in only one household. He will be linked to other

wives by his husband identification number given to his

wives. After the census, the study population is visited

three times a year in cycles or updated rounds over

February–May, June–September and October–January to

update indicators (Figure 3). From July 2013 onwards,

Rufiji HDSS switched to two data collection rounds per

year, which happen in July–December and January–June.

Mapping of households and key structures such as schools,

health facilities, markets, churches and mosques was done

by field interviewers using handheld global positioning

systems (GPS). Updating of GPS coordinates has been an

ongoing exercise especially for new structures and for de-

molished structures.

In 2012 the population size of the DSA was about

103 503 people, residing in 19 315 households. The popu-

lation structure, age and sex composition of the area is pre-

sented in Figure 4. There are several ethnic groups in the

DSA. The largest is the Ndengereko; other groups include

the Matumbi, Nyagatwa, Ngindo, Pogoro and Makonde.

The population comprises mainly Muslims with few

Christians and followers of traditional religions. The main

language spoken is Kiswahili. English is not commonly

used in the area. Around 75% of the population aged 7–15

Figure 3. An update round interview underway in a household, by a trained fieldworker within the Rufiji HDSS.
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years have attended primary education, 14% of those in

age group 15–65 years have secondary education and only

1% of the population has tertiary education. Almost 50%

of the adult population aged 15–65 are self-employed in

agriculture, 28% engage in other small economic activities,

16% are selfemployed in small-scale business and 6% are

unemployed. Fuel wood is the main source of energy for

cooking and shallow wells are the main source of water for

domestic use. The household heads in Rufiji HDSS are con-

sidered as breadwinners and most (67.3%) are male.

Active community engagement programmes are in place

which include key informants (KIs) days, where the HDSS

team convenes meetings with KIs for presentations on re-

cent findings to feed back to community and for distribu-

tion of newsletters to households (Figure 5). Community

sensitization events are held at the time of introducing new

studies. These initiatives have cemented good relationships

with the community and eventually maintained high

participation.

What is measured and how have the Rufiji
HDSS databases been constructed?

During the update rounds, interviewers collect the infor-

mation that is shown in Table 1. In addition, information

on household socioeconomic status is collected annually

since 2000 (Box 1). Geographical information system data

(GIS) on latitude, longitude and altitude of each household

and other key structures have been collected over time.

Verbal autopsies collect detailed data through struc-

tured and standardized INDEPTH Network verbal aut-

opsy forms3 on symptoms and signs during the terminal

illness, allowing assignment of cause of death following

physician’s review to a list of causes of death, based on the

10th Revision of the International Classification of

Diseases.4 Other information such as food security, mor-

bidity/fever, vaccination and nutritional status for under-

fives was collected at some points of the year as nested

studies. Household assets, education status and other

assets are updated yearly.
Figure 4. Rufiji HDSS 2012 population pyramid (males 49 610, females

53 893).

Figure 5. Rufiji HDSS field interviewer provides a news letter to the Rufiji HDSS member, as one of the feedback mechanisms.
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The quality of collected information is monitored

through a validation process where 3–5% of households

are sampled at random for re-interview by a field super-

visor who validates the previous collected data. Data from

the field are received every 2 weeks during supervisors

meetings where new household registration books are

issued for updating in the field and the ones issued the pre-

vious fortnight are collected for entry at the data centre.

Data are entered into the server through a network of

workstations.

Until 2014, the HDSS used custom-designed software

called the Household Registration System 2 (HRS 2) de-

veloped in Visual FoxPro 6.5 A unique permanent identifi-

cation number is assigned to each member during the

initial registration. Further checks are done by the data

manager at the end of each week and provide a list of

errors that need correction in field. From January 2014,

the Rufiji HDSS has used the OpenHDS program [http://

openhds.rcg.usm.maine.edu/] to register and update health

and demographic indicators. This transformed Rufiji

HDSS from paper based to electronic data capture on mo-

bile tablet devices with real-time transmission of data to

central servers.

Key findings and publications

The health and demographic indicators for the period

1999–2012 are summarized in Figure 4 and in Table 2.

The Rufiji HDSS population pyramid in December 2012

reveals a broad base that tapers towards the older ages,

showing a population with high fertility and high child

mortality. It indicates a young population, with highest

Table 1. Information collected at each re-enumeration round of the Rufiji HDSS

Subject Information

Homestead Latitude, longitude, altitude and village code

Name of hamlet, location ID

Household Household name

Household head

Individuals Names (3), sex, date of birth, marital status, relation to household head, occupation, education level and ndividual ID

Residents Update of residency status (resident, died, out-migrated)

Update marital status for members�13 years of age

Update pregnancy status for women aged 13–49 years, location ID and individual ID

Pregnancy outcome Live birth, number of babies, stillbirth, abortion

Date and place of birth

Names (3) and sex of child

Mother’s personal identity number (link), father’s personal identity number

Deaths Date of death, place of death, individual ID

In-migration Date of in-migration, individual ID

Names (3), sex and date of birth of migrant

Reason for in-migration

Relation to household head

Origin of migration episode

Previous residence within the Rufiji HDSS

Out-migration Date of out-migration, individual ID

reason for out-migration, destination of migration episode

Verbal autopsy Causes of deaths

ID, identification.

Box 1. Information collected annually by Rufiji HDSS

for estimating household socioeconomic status

Number of selected durable household goods

Type and number of livestock

House occupancy status

Source of drinking water

Toilet facilities

Number of rooms used for sleeping

Main materials used for floors

Main materials used for roof

Main materials used for walls

Type of energy used for cooking

Source of lighting

Ownership of land

Ownership of house

Ownership of bed nets

Access to mobile phone

6 International Journal of Epidemiology, 2015, Vol. 0, No. 0
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mortality at young ages. Table 2 demonstrates remarkable

reductions in mortality over time in all age groups, except

for the neonates. Also it shows dramatic decline of total

fertility rate (TFR) from 6.2 in 1999 to 4.6 in 2012.

Health system research

Our important findings to date relate to the impact of the

Integrated Management of Childhood Illness (IMCI) strat-

egy on equality of health outcomes and access across socio-

economic gradients in rural Tanzania, which was

examined by comparing changes in mortalities and inequi-

ties between 1999 and 2002 in HDSS-monitored districts

with IMCI (Morogoro Rural and Rufiji) and without

(Kilombero and Ulanga). Equity differentials for six child

health indicators improved in IMCI districts whereas four

improved in the comparison districts (p< 0.05). The level

of inequality decreased between 1999 and 2002 in the

IMCI districts but remained unchanged in comparison dis-

tricts. The study showed the introduction of IMCI led to

improvement in child health that did not occur at the ex-

pense of equity.6 In 2011 the IHI, the Tanzania MoHSW

and Columbia University launched ‘Connect’ as a random-

ized cluster trial to test the maternal and child mortality

impact of posting paid community health workers, known

as community health agents (CHAs), to communities for

providing preventive, promotional and curative antenatal,

newborn, child and reproductive health care. The Connect

project already deployed 148 CHAs to 50 randomly se-

lected intervention villages in Rufiji and inIfakara, another

HDSS managed by the IHI. In 2015, the research will

evaluate impacts on infant and child health and nutrition

and maternal, newborn and child mortality, will assess

outcomes including service utilization/coverage, improved

health behaviour, increased equity and decreased social

cost for health-seeking behaviours, will assess service deliv-

ery and quality outputs, will assess health systems inputs/

processes and will conduct cost-benefit analysis.7

Health system research studies shown that the scale-up

of antiretroviral therapy (ART) for HIV has not followed a

system approach and is currently distorting rather than

strengthening health systems [http://www.arvmac.eu/

?page_id¼49]. The study also found widespread negative

attitudes and perceptions of ART care, HIV testing and the

ART programme and lack of trust in its sustainability, as

well as lack of community and healthworker involvement

in the programme planning and treatment.8 Another study,

that aimed to strengthen health information systems in

monitoring vital events by using mobile phones, found that

the SMS (short message service) intervention makes signifi-

cant improvements in the notification step and modest im-

provements in the registration step of routine civil

registration9 and, more importantly, reveals major weak-

nesses in the routine Civil Registration and Vital Statistics

(CRVS) for rural populations in Tanzania.

Food security and household socioeconomic

status impact on childhood mortality

Social drivers of health studies have shown that there is sig-

nificant association between number of days of household

members being ill and food insecurity in terms of dietary

energy consumed. If health services are not improved in

rural areas, particularly in Rufiji District, the problem of

low food production leading to food insecurity will re-

main.10 Household socioeconomic inequality and maternal

Table 2. Demographic characteristics of the Rufiji HDSS in 1999 and in 2012

Indicators Results 1999 Results 2012

Total resident population 70 500 103 503

Male: female ratio 92:100 93:100

Household size 4.8 5.5

Crude rate of natural increase (change per 1000 population excluding migration) 2.2 2.1

Crude birth rate/1000 pyo 35.8 29.2

Crude death rate/1000 pyo 13.8 8.0

Crude out-migration rate/1000 pyo 187.4 132.2

Crude in-migration rate/1000 pyo 114.2 142.5

Total fertility rate (children per woman 15–49 years old (average) 6.2 4.6

Neonatal mortality ratio/1000 live births 35.34 24.4

Infant mortality ratio/1000 live births 107.6 36

Under-5 mortality (probability of dying between birth and 5th birthday/1000 pyo 135.5 61.4

Life expectancy at birth (male) (years) 58.6 63

Life expectancy at birth (female) (years) 57.4 69

pyo, person years of observation.
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education were associated with under-five mortality in

Rufiji HDSS. The under-fives in poorest households were

more likely to die compared with those in the least poor

households.11 More key findings and publications are pre-

sented in Table 3.

Future analysis plans

Rufiji HDSS will continue to work and provide data on

health and demographic indicators for better understand-

ing of dynamics of health, population and social transi-

tions. Also the Rufiji HDSS plans to conduct a

comparative analysis of fertility and demographic transi-

tion. Currently the analyses of Rufiji HDSS data are based

on the impact of malaria in a rapid decline of child mortal-

ity, orphanhood and life trajectories, development of a

space-time model for forecasting mortality due to malaria,

impact of maternal deaths on living children and impact of

community-based health services on maternal and child

health. However, opportunity for collaboration is open

with respect to the conditions of Rufiji HDSS data-sharing

policy.

Strengths and weaknesses of Rufiji HDSS

Rufiji HDSS remains the acceptable alternative way of col-

lecting in-depth longitudinal data so essential to improving

health, alleviating poverty and achieving other essential

social goals in the developing world where there is lack of

effective and comprehensive national civil registration and

vital statistics systems. Despite its importance, Rufiji HDSS

has incomplete data for instance on vaccination, birth-

weight and contraception use.

High participation and acceptance by the community in

the Rufiji HDSS makes it a crucial component of ongoing

efforts to reform healthcare delivery in Tanzania.

Difficulties in reconciling migrations have jeopardized the

ability of Rufiji HDSS to track births, deaths and causes of

deaths on time, but this is expected to become easier with

the introduction of real-time reporting in the OpenHDS

data system.

Close to 80% of deaths in Rufiji HDSS occurred outside

health facilities. Information on the major local causes of

death and disability generated by Rufiji HDSS has

increased the efficiency of district health system in trying

to ensure that planning is evidence based. The complexity

method of verbal autopsy processing in ascertaining the

probable causes of deaths makes it difficult in to provide

timel data to the end users.

The use of tablets and OpenHDS with machine-coded

verbal autopsy will allow the Rufiji HDSS to achieve more

timely data collection and improved data quality.

Data sharing and collaboration

Rufiji HDSS shares annual District profiles that translate

complex patterns of burden of disease into simple language

and graphics for the district health management teams.

Basic Rufiji HDSS data and data requisition forms are

available at the IHI central server and website [www.ihi.

or.tz], respectively. Access to online data requires permis-

sion from the data centralization team [dc@ihi.or.tz].

Requests for data are subject to ethics committee approval

and will only be accepted from bona fide researchers with

specified research objectives or collaborations.
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