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Objective: To estimate and evaluate the cause-of-death structure and disease-specific mortality rates in a rural
area of The Gambia as determined using the InterVA-4 model.

Design: Deaths and person-years of observation were determined by age group for the population of the
Farafenni Health and Demographic Surveillance area from January 1998 to December 2007. Causes of
death were determined by verbal autopsy (VA) using the InterVA-4 model and ICD-10 disease classification.
Assigned causes of death were classified into six broad groups: infectious and parasitic diseases; cancers;
other non-communicable diseases; neonatal; maternal; and external causes. Poisson regression was used to
estimate age and disease-specific mortality rates, and likelihood ratio tests were used to determine statistical
significance.

Results: A total of 3,203 deaths were recorded and VA administered for 2,275 (71%). All-age mortality declined
from 15 per 1,000 person-years in 1998-2001 to 8 per 1,000 person-years in 2005-2007. Children aged 1-4 years
registered the most marked (74%) decline from 27 to 7 per 1,000 person-years. Communicable diseases
accounted for half (49.9%) of the deaths in all age groups, dominated by acute respiratory infections (ARI)
(13.7%), malaria (12.9%) and pulmonary tuberculosis (10.2%). The leading causes of death among infants were
ARI (5.59 per 1,000 person-years [95% CI: 4.38—7.15]) and malaria (4.11 per 1,000 person-years [95% CI: 3.09—
5.47]). Mortality rates in children aged 1-4 years were 3.06 per 1,000 person-years (95% CI: 2.58-3.63) for
malaria, and 1.05 per 1,000 person-years (95% CI: 0.79-1.41) for ARI. The HIV-related mortality rate in this
age group was 1.17 per 1,000 person-years (95% CI: 0.89—1.54). Pulmonary tuberculosis and communicable
diseases other than malaria, HIV/AIDS and ARI were the main killers of adults aged 15 years and over. Stroke-
related mortality increased to become the leading cause of death among the elderly aged 60 years or more in
2005-2007.

Conclusions: Mortality in the Farafenni HDSS area was dominated by communicable diseases. Malaria and
ARI were the leading causes of death in the general population. In addition to these, diarrhoeal disease was a
particularly important cause of death among children under 5 years of age, as was pulmonary tuberculosis
among adults aged 15 years and above.
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should be supported by information on the fre- measuring mortality, including cause-of-death deter-

The development of a successful health care system to morbidity and mortality in the population. Therefore,
quency of specific diseases and their contribution mination, enhances every level of health care planning,
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resource allocation and service delivery systems (1, 2).
Unfortunately, many countries with the greatest demand
for this information have weak health systems that do not
generate the requisite information to establish cause-of-
death distributions (3, 4) as they also lack functional vital
registration systems to capture all the deaths in their
populations at specific periods (5). This is particularly
true for sub-Saharan Africa where the majority of deaths
occur at home with little or no chance of the cause of
death being certified by qualified medical personnel.
In this context, verbal autopsy (VA), despite its known
limitations, is the most viable option for generating re-
presentative cause-of-death information.

The VA approach to determination of the cause of death
is described in detail elsewhere (5). Used predominantly
in research settings, the range of methods adopted for
cause-of-death assignment includes physician-certification,
data-derived algorithms, application of Bayes’ theorem,
and direct statistical estimation of cause fractions (2).
Physician-certified VA (PCVA) is an established method
for assigning cause of death, but it is time consuming.
Different approaches more suitable for resource-challenged
settings have been developed (6). These include the
InterVA, a computer-based automated VA coding model,
and the adoption by WHO of a set of standardised
questionnaires that facilitate comparison across different
geographical and environmental settings (7). InterVA
has been validated in different settings throughout its
evolution (8-11).

The Gambia, like many other low-income countries,
does not have a functional civil and vital registration
system. Health facilities are also unable to provide such
information. The only available information on causes
of death derives from studies focused on specific target
groups (mainly children aged under 5 years) (12—-14) and
from a hospital-based study in Banjul, representing a
largely urban area (15). There are no data on the cause-
of-death structure and its evolution over time at the
national or sub-national level. However, relevant data
have been collected routinely in a population of about
45,000 people in the town of Farafenni and its environs in
the North Bank Region of The Gambia as part of the
Farafenni Health and Demographic Surveillance System
(HDSS). VAs conducted for deaths that occurred be-
tween 1998 and 2007 were used to evaluate the cause-
of-death patterns and to establish the disease-specific
mortality burdens for this part of The Gambia.

Methods

Study area

The Farafenni HDSS was established in the North Bank
Region of The Gambia in 1981 in two geographically
contiguous clusters of 42 rural villages to the east and
west of the town of Farafenni (population 25,000). In
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October 2002, the surveillance area was expanded to
include Farafenni Town and 23 settlements within a 5-km
radius of the town (see Fig. 1). The majority of the
residents are subsistence farmers with very few earning
salaries from employment. Detailed socio-demographic
characteristics of the population are described elsewhere
(13).

Malaria transmission is highly seasonal with most
infections occurring between September and November.
It was highly endemic in the past but has now declined
substantially (16). The health care system consists of an
under-resourced village-based primary health care system
that has been operational since 1983 made up of 16 PHC
Posts and five Dispensaries, a Health Centre for repro-
ductive and child health services, and a 250-bed referral
district hospital in the town of Farafenni, which was
commissioned in 1999. Immunisation coverage levels for
individual vaccines against childhood diseases are high
(17), and use of ITNs is widespread (18). For the period
2000-2001, HIV prevalence among pregnant women in
The Gambia was 1.0% for HIV-1 and 0.8% for HIV-2,
and the corresponding levels for Farafenni were 0.4 and
0.3%, respectively (19). From a similar sentinel surveil-
lance in 2008, the national prevalence levels were 1.6% for
HIV1 and 0.4% for HIV2 (20). The majority of deaths
occur at home and burials are held almost immediately
or within a few hours after death, in line with religious
beliefs. This constitutes a barrier to having deaths medi-
cally certified or being captured by vital registration.

Data and statistical analysis

The surveillance procedures of the Farafenni HDSS are
described in detail elsewhere (13, 21). The administration
of VAs was introduced in 1998 for a sample of deaths and
for specific study purposes. Routine administration of VA
for every death in the area using the 2002 standard WHO
VA questionnaires for neonates, children and adults
commenced in 2005. VAs were administered retrospec-
tively for deaths that occurred before 2005. VA interviews
are conducted at least 40 days after death by trained
fieldworkers, but the time lapse between death and inter-
view has spanned up to 3 years in some cases. The main
carers of the deceased persons prior to their deaths are
targeted for the interviews, or if they are not available,
other close relatives who were present during the period
of illness and death. Interviews were conducted in one of
the three main local languages spoken in the area.

The data collected using the three different age-specific
questionnaires have been systematically transformed into
the InterVA-4 input format and merged together. Re-
sponses for questions in the InterVA-4 format that could
not be derived from the original data were coded as
missing. InterVA-4 was applied with malaria prevalence
set as ‘high’ and HIV prevalence as ‘low’, reflecting the
situation in the study area for the period covered by this
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Fig. 1. Location of the urban and contiguous rural areas east and west of Farafenni Town, which collectively constitute the

Farafenni Health and Demographic Surveillance area.

study and as recommended for West African regions.
The data forms part of the INDEPTH Network pooled
dataset for cause-of-death analyses covering Farafenni
HDSS and 21 other INDEPTH HDSS sites (22).

The assigned causes of death were classified into six
broad groups: infectious and parasitic diseases, cancers,
other non-communicable diseases, neonatal, maternal,
and external causes. In the analysis presented here, cause-
specific mortality fractions (CSMFs) are derived from the
three most likely causes of death and the residual indeter-
minate fraction assigned by InterVA-4 using disease
codes in version 10 of the International Statistical Classi-
fication of Diseases and Related Health Problems, ICD-
10. The output was merged with the detailed individual
level data and analysed using STATA version 12 (Stata
Corporation, College Station, TX, USA). Cause-specific
mortality rates were calculated as the number of cause-
specific deaths per 1,000 person-years of follow-up. They
were derived using survival analysis techniques and
Poisson regression, and individual deaths were associated
with the most likely cause of death. Statistical signifi-
cance at the 95% confidence level was determined using
likelihood ratio tests. Since annual cause-specific mortal-
ity rates would not be meaningful due to small numbers
of cause-specific deaths, the study period was divided up
into three short periods with roughly similar numbers of
deaths for the assessment of cause-specific mortality

trends. These were defined a priori as 1998-2001, 2002—
2004, and 2005-2007.

The Joint MRC/Gambia Government Ethics commit-
tee approved the establishment of the Farafenni HDSS
and all instruments used to collect household and indi-
vidual level information, including the VA questionnaires.
Verbal consent was obtained for the administration of all
VA questionnaires.

Results
The mid-year population of the Farafenni HDSS in 1998
was 15,960 with a mean age of 23.0 years; and 44,644
in 2007 with a mean age 22.4 years. The age structure
remained the same with 18% of the population aged less
than 5 years in both periods; whilst the proportion aged 15
years and over was 53% in 1998 and 55% in 2007. Between
1 January 1998 and 31 December 2007, 3,203 deaths were
recorded and VAs were administered for 2,275 (71%) of
them. Annual VA coverage improved progressively from
about 50% in the first 3 years of the study period and
peaked at 87% in 2003. Coverage was generally high
among adults aged 15 years or more throughout the study
period. There was no difference in VA coverage by gender
or area of residence.

Overall mortality declined by a third in the rural part of
the demographic surveillance area over the 10-year period,
a decline from 15 per 1,000 person-years in 1998-2001 to
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10 per 1,000 person-years in 2005-2007 and by 12.5%
in the urban part between 2002-2004 and 2005-2007,
a decline from 8 to 7 per 1,000 person-years (Table 1).
Mortality dropped by 55% among infants (from 78 to 35
per 1,000 person-years) and by 74% among children 1-4
years old (from 27 to 7 per 1,000 person-years). Overall
mortality rates did not vary appreciably between ethnic
groups in any of the three periods; and females had a lower
mortality rate than males throughout.

CSMFs generated by InterVA-4 are presented in
Table 2 by age group, sex, area of residence and ethnicity.
Almost half (49.9%) of deaths over the 10-year period
were attributed to communicable diseases. These were
dominated by acute respiratory infections (ARI) (13.7%),
malaria (12.9%) and pulmonary tuberculosis (10.2%).
A similar pattern of cause-specific mortality proportions
was maintained in all three periods. However, the pro-
portion of HIV-related deaths showed an increasing trend
over the three periods.

Malaria, ARI and diarrhoeal diseases accounted for
more than half (58.5%) of deaths among children aged
under 5 years (Fig. 2); 11% of deaths were attributed to
HIV-related causes in this age group. More than a third
(38%) of deaths among those aged 15-59 years were due
to four communicable diseases: pulmonary tuberculosis
(14%), ARI (including pneumonia) (9.9%), malaria
(7.5%) and HIV/AIDS (6.5%). Overall, 46 and 37.8% of
adult deaths were attributed to communicable and non-
communicable diseases respectively.

Table 3 shows the top five cause-specific mortality rates
for each age group and period. Overall, ARI, malaria,
diarrhoeal diseases, neonatal sepsis, HIV/AIDS-related
illnesses and severe malnutrition had the highest cause-
specific mortality rates among children under 5 years of
age. ARI mortality was consistently high among infants
throughout the study period with an average rate of 5.59
per 1,000 person-years (95% CI: 4.38-7.15), followed by
malaria with a rate of 4.11 per 1,000 person-years (95%
CI: 3.09-5.47). The reverse pattern was observed among
children aged 14 years who had a malaria mortality rate
of 3.06 per 1,000 person-years (95% CI: 2.58-3.63) and
an ARI mortality rate of 1.05 per 1,000 person-years
(95% CI: 0.79-1.41). HIV-related mortality had the
second highest rate in this age group (1.17 per 1,000
person-years [95% CI: 0.89—1.54]). Disease-specific mor-
tality rates among children aged under 5 years increased
overall between 1998-2001 and 2002-2004 due to in-
creased VA coverage, but only significantly for malaria
in infants (p =0.001) and children 1-4 years (p <0.0001).
Although at comparatively lower levels, malaria, ARI,
acute abdomen and HIV/AIDS constituted the greatest
mortality burden among older children aged 5-14 years.

Pulmonary tuberculosis, ARI, malaria and other infec-
tious diseases (i.e. communicable diseases other than
those listed in Table 2) were the main causes of death
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among adults aged 15-59 years. Maternity-related causes
also had a relatively high mortality burden among
women of reproductive age (15-49 years) (mortality rate
of 0.36 per 1,000 person-years [95% CI: 0.28-0.47]).
Overall, pulmonary tuberculosis and other infectious
diseases were the main causes of death of adults in the
Farafenni area during the 10-year period, each with a
disease-specific mortality rate of 0.68 per 1,000 person-
years (95% CI: 0.57-0.83). There was no significant
change in their respective mortality rates in the latter
two periods compared to the first (p =0.567 for 2002—
2004 and 0.703 for 20052007 for TB; and p =0.276 and
0.885 for other infectious diseases for the same periods).

Pulmonary tuberculosis and other infectious diseases,
stroke, ARI and malaria were the main causes of death
among the elderly population aged 60 years and over.
Mortality from stroke emerged in the last 6 years of the
study period as the most important cause of death in this
age group — 9.62 per 1,000 person-years in 2002-2004
(95% CI: 7.45-12.00) and 6.32 per 1,000 person-years in
2005-2008 (95% CI: 4.69-8.52).

The mortality burdens of both communicable and
non-communicable diseases are summarised in Table 4 by
period, age group, sex, ethnicity and area of residence.
Mortality rates for both categories of disease dropped
significantly in 2005-2007 compared with levels in 1998—
2001. For all categories of disease, mortality burdens
were greater in the rural than in the urban area. Males
had a 42% (95% CI: 27-59%) and a 26% (95% CI:
9-47%) higher risk of dying from communicable and
non-communicable diseases respectively compared to
females. Mandinkas were more likely to die from a non-
communicable disease than any other ethnic group (RR
1.45, 95% CI: 1.22—-1.71). Cancer-related mortality was
significantly higher among men than women (RR 1.66,
95% CI: 1.29-2.15) and among rural rather than urban
residents (RR 1.73, 95% CI: 1.33-2.26). Only cancers
arising from the reproductive system were more prevalent
among females than males.

Discussion

There has been an appreciable decline in all-cause mor-
tality in the Farafenni HDSS area over the 10-year period
considered in this study. However, the pace of decline
varied markedly between different age groups. Reduction
in childhood mortality, especially among children aged
between 1 and 4 years, accounted for much of the overall
decline, similar to other countries in sub-Saharan Africa
(23, 24). Improvements in the death rates for adults and
the elderly were very modest.

With respect to causes of death, the results presented
here give the first indication of the cause-specific pattern
of mortality for all age groups over a period of time for
any geographically defined population in The Gambia.
Previous ad hoc investigations in the Farafenni HDSS
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Table 1. Number of deaths, proportion of deaths with verbal autopsy and death rates by period and population

All 1998-2001 2002-2004 2005-2007
Number of VAs  Death rate Number of VAs  Death rate Number of VAs Number of VAs  Death rate
No. of conducted (% of (per 1,000 No. of conducted (% of (per 1,000 No. of conducted (% of Death rate No. of  conducted (% of (per 1,000
deaths deaths) PY) deaths deaths) PY) deaths deaths) (per 1,000 PY) deaths deaths) PY)

Age group

<1 year 536 224 (42) 47 201 20 (10) 78 162 122 (75) 42 173 82 (47) 35

1-4 years 559 295 (53) 13 246 24 (10) 27 188 163 (87) 12 125 108 (86) 7

5-14 years 204 137 (67) 2 81 38 (47) 4 67 59 (88) 2 56 40 (71) 2

15-59 891 715 (80) 6 187 180 (96) 6 368 303 (82) 6 336 232 (69) 5

years

60+ years 1,013 904 (89) 58 287 280 (98) 63 359 331 (92) 59 367 293 (80) 54
Sex

Male 1,727 1,217 (70) 12 531 287 (54) 17 609 522 (86) 11 587 408 (70) 9

Female 1,476 1,058 (72) 9 471 255 (54) 14 535 456 (85) 9 470 347 (74) 7
Ethnic group

Wollof 1,192 825 (69) 10 349 172 (49) 15 418 355 (85) 9 425 298 (70) 8

Mandinka 1,262 950 (75) 11 453 272 (60) 16 428 386 (90) 11 381 292 (77) 9

Fula 629 416 (66) 9 194 95 (49) 14 239 195 (82) 10 196 126 (64) 7

Other 120 84 (70) 7 6 3 (50) 9 59 42 (71) 8 55 39 (71) 6
Area of

residence

Rural 2,145 1,491 (70) 13 1,002 542 (54) 15 635 572 (90) 12 508 377 (74) 10

Urban? 1,058 784 (74) 7 509 406 (80) 8 549 378 (69) 7
All 3,203 2,275 (71) 10 1,002 542 (54) 15 1,144 978 (85) 10 1,057 755 (71) 8

aSurveillance in this area started in October 2002.
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Tuble 2. Cause-specific mortality fractions (CSMFs) derived using recommended InterVA-4 settings by age group, period, sex, residence and ethnicity

Classification and <1 1-4 5-14 15-59 60+
causes of death Total year years years years years 1998-2001 2002-2004 2005-2007 Male Female Rural Urban Wollof Mandinka Fula Other
Number of deaths 2,275 224 295 137 715 904 542 978 755 1,217 1,058 1,491 784 825 950 416 84
Infectious diseases
Malaria 129 1538 38.3 28.3 7.5 5.9 10.7 14 12.9 12.3 13.5 13 126 154 10.3 135 139
AR, including 13.7 28.1 15.2 1.7 9.9 12.9 13.5 13.8 13.6 15 12.2 14 13 14.5 13.1 13.8 11.3
pneumonia
Pulmonary 10.2 0.4 1 14 14.3 10.2 9.7 10.8 12.6 7.4 96 113 7.4 12.5 88 17.5
tuberculosis
HIV/AIDS-related 5.8 5.9 15 8.7 6.6 1.9 3.3 6.2 7.2 4.3 7.6 4.8 7.8 6.5 4.5 7.3 8
Diarrhoeal diseases 3.9 10.2 8.3 0.9 3.7 1.7 4.2 3.8 3.9 4 3.8 4.3 3.3 3.4 4.2 4.7 2.1
Meningitis and 2.2 15 1.3 6.5 2.7 1.5 3 1.8 2 2.1 2.2 2.1 2.2 2.5 14 2.8 4.2
encephalitis
Other infectious 1.2 0.1 0.1 2.8 1.6 1.2 1.1 1.4 1 1.7 0.6 1.2 1.2 0.9 1.2 1.6 0.7
diseases
Cancers
Digestive neoplasms 3.1 5.3 3.5 3 3 3.3 3.6 2.5 2.8 3.6 3.1 3.1 3.4 1.1
Respiratory 1.6 1.6 2.7 23 1.5 1.3 24 0.7 1.8 1.3 0.8 2.2 1.5 3.3
neoplasms
Reproductive 1.3 1.6 2.1 1.8 1.3 1 1 1.7 1.4 1.1 1.3 1.4 1.2 0.9
neoplasms
Other neoplasms 0.9 3.2 3.8 3 2.4 2.3 2.7 2.3 2.5 2.5 2.4 2.9 1.9 2.3
Other NCDs
Stroke 6.4 4.2 12.8 5.6 6.8 6.5 5.4 7.6 5.9 7.5 5.9 6.4 7.6 6.3
Acute abdomen 4.8 0.4 0.2 9.7 5.6 6 6.5 3.9 4.8 4.5 5.1 5 4.5 4.2 6.2 3.2 3.4
Severe malnutrition 1.6 3.4 6 15 0.2 0.8 0.8 1.7 2.1 1.6 15 1.5 1.9 2.1 1.4 1.3 0.9
Acute cardiac 0.9 0.8 1.5 1 0.6 1 0.8 0.9 0.9 0.8 1.3 0.7 0.5
diseases
Other cardiac 1.3 0.5 0.8 2.2 1.1 1.7 1 1.5 14 1.3 1.3 1 2 1.6 1.2 1.1 1
diseases
Other unspecified 2.5 0.1 0.8 1.2 3 3.5 2.5 2.2 3 2.2 2.9 2.6 2.3 2.4 3.1 2
NCDs
Liver cirrhosis 2.5 1.8 0.8 1.3 0.5 0.9 1.1 1.1 0.7 1.1 0.6 1 0.5 1.6 1.2
Neonatal 2 20.6 14 3.2 0.9 1.5 2.6 2.9 0.4 21 2.1 1.6 24
External 2.5 0.7 1.2 5.9 3.8 1.7 2.9 2.1 2.6 2.7 2.2 2.4 25 2.2 2.9 2.2 1.8
Maternal 2.1 6.8 2.6 2.3 15 4.6 2 2.4 2.7 1.5 2.4 2.9
Indeterminate 16.6 128 12.4 17.8 16.2 19.1 19.1 15.9 15.8 171 16 17.3 153 16.5 17.2 16 14.7
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
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Fig. 2. Comparison of the distribution of causes of death among children under 5 years of age by InterVA-4 for Farafenni
HDSS, 1998-2007 and CHERG estimates for The Gambia, 2008 (27).

area and other parts of the country used the physician
coding method of VAs and focused on populations of
interest such as children (12, 13, 25), women of repro-
ductive age (26), or hospital patients (15). The outcomes
of this study are therefore relevant from two perspectives.
First, it provides an opportunity to evaluate the cause-of-
death structure produced by the InterVA-4 model against
the established disease epidemiology of the region and
secondly it helps in defining the public health priorities of
the area.

Using the recommended settings for malaria and HIV
prevalence levels in West Africa, InterVA-4 has produced
results that suggest three preventable and treatable dis-
eases accounted for more than half (58%) of all deaths
among children aged under 5 years between 1998 and 2007.
These were malaria (28%), ARI (21%) and diarrhoeal
diseases (9%) (Fig. 2). These proportions compare rea-
sonably well with the distribution of under-5 deaths in
2008 estimated for The Gambia by the Child Health
Epidemiology Reference Group (CHERG), with 53% of
under-5 deaths being attributed to malaria, pneumonia
and diarrhoeal diseases (27). These three diseases also
dominate the overall cause-of-death structure compiled
for children aged under 5 years in sub-Saharan Africa
(27, 28). A similar study in Niakhar in central Senegal
about 150 km north of the Farafenni HDSS, showed the
same pattern of mortality burden among children under 5
years old for these three specific diseases (29), although
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malaria cases were included in a broader classification of
fevers of unknown origin.

The InterVA-4 results suggest that only about one-
tenth (9%) of under-5 deaths were due to neonatal causes,
substantially lower than the CHERG estimate of 27%
for The Gambia (Fig. 2). This is likely to be due to the
relatively low VA coverage for infants during the study
period; only a quarter (51/199) of neonatal deaths had a
VA administered. Assuming that all neonatal deaths were
due to neonatal causes, this will increase the proportion
of under-5 deaths due to neonatal causes to 30%, which is
similar to the CHERG estimate.

In view of the relatively low HIV prevalence in Farafenni,
InterVA appears to have overestimated the proportion of
under-5 deaths from HIV/AIDS, ranking it as the second
highest killer among children aged 1-4 years (Table 3).
Malnutrition is prevalent in rural Gambia and constitutes
a major public health concern. About a quarter of children
aged less than 5 years in the North Bank Region of The
Gambia are underweight (18). It is therefore possible that
the InterVA-4 model misinterpreted symptoms of mal-
nourishment in children and returned the cause of their
deaths as HIV-related, thus overestimating deaths result-
ing from HIV/AIDS. A similar conclusion was reached
in another study in Kenya that compared the outcomes of
an earlier version of InterVA and physician coding of the
same VAs (11).

The plausibility of the cause-specific mortality pro-
portions for adults aged 15-59 years was assessed by
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Tuble 3. Top five causes of death by age group and period

1998-2007

1998-2001

2002-2004

2005-2007

Cause-specific

Cause-specific

Cause-specific

Cause-specific

Age mortality rate mortality rate mortality rate mortality rate

group No. of  per 1,000 PY No. of  per 1,000 PY No. of  per 1,000 PY No. of  per 1,000 PY

and rank Cause deaths (95% Cl) Cause deaths (95% Cl) Cause deaths (95% ClI) Cause deaths (95% Cl)

<1 year

1 AR, including 64  5.59 (4.38-7.15) Neonatal 4 1.54 (0.58-4.11) ARI, including 36 9.34 (6.74-13.00) ARI, including 25 5.01 (3.38-7.41)
pneumonia sepsis pneumonia pneumonia

2 Malaria 47 411 (3.09-5.47) Malaria 4 1.54 (0.58-4.11) Malaria 21  5.45(3.55-8.36) Malaria 22 4.41 (2.90-6.69)

3 Neonatal 31  2.71 (1.91-3.85) ARlI, including 3 1.16 (0.37-3.59) Neonatal 21  5.45(3.55-8.36) Diarrhoeal 10 2.00 (1.08-3.72)
sepsis pneumonia Sepsis diseases

4 Diarrhoeal 24 210 (1.41-3.13) Neonatal 2 0.77 (0.19-3.08) Diarrhoeal 12 3.11 (1.77-5.48) Neonatal 6 1.20 (0.54-2.68)
diseases pneumonia diseases sepsis

5 HIV/AIDS- 14 1.22 (0.72-2.07) Other neonatal 2 0.77 (0.19-3.08) Neonatal 9 2.33(1.21-4.49) HIV/AIDS- 6 1.20 (0.54-2.68)
related causes pneumonia related
Indeterminate 11 Indeterminate 0 Indeterminate 7 Indeterminate 4

1-4 years

1 Malaria 131  3.06 (2.58-3.63) Malaria 16 1.78 (1.09-2.91) Malaria 78 492 (3.94-6.14) Malaria 37 2.06 (1.49-2.84)

2 HIV/AIDS- 50 1.17 (0.89-1.54) Diarrhoeal 2 0.22 (0.06-0.89) HIV/AIDS- 27 1.70 (1.17-2.48) HIV/AIDS- 23 1.28 (0.85-1.93)
related diseases related related

3 AR, including 45  1.05 (0.79-1.41) ARI, including 1 0.11 (0.02-0.79) ARI, including 25 1.58 (1.06-2.33) ARI, including 19 1.06 (0.67-1.66)
pneumonia pneumonia pneumonia pneumonia

4 Diarrhoeal 26  0.61(0.41-0.89) Severe 1 0.11 (0.02-0.79) Diarrhoeal 13  0.82 (0.48-1.41) Diarrhoeal 11 0.61 (0.34-1.11)
diseases malnutrition diseases diseases

5 Severe 18 0.42 (0.26-0.67) Meningitis and 1 0.11 (0.02-0.79) Severe 7 0.44 (0.21-0.93) Severe 10 0.56 (0.30-1.03)
malnutrition encephalitis malnutrition malnutrition
Indeterminate 9 Indeterminate 2 Indeterminate 4 Indeterminate 3

5-14 years

1 Malaria 47  0.53 (0.40-0.70) Malaria 11 0.58 (0.32-1.05) Malaria 25 0.76 (0.51-1.12) Malaria 11 0.30 (0.17-0.54)

2 AR, including 16 0.18 (0.11-0.29) Acute 6 0.32 (0.14-0.71) HIV/AIDS- 6 0.18 (0.08-0.41) ARI, including 6 0.16 (0.07-0.36)
pneumonia abdomen related pneumonia

3 Acute 15 0.17 (0.10-0.28) ARI, including 6 0.32 (0.14-0.71) Acute 6 0.18 (0.08-0.41) HIV/AIDS- 6 0.16 (0.07-0.36)
abdomen pneumonia abdomen related

4 HIV/AIDS- 14 0.16 (0.09-0.27) External 3 0.16 (0.05-0.49) ARI, including 4 0.12 (0.05-0.32) Acute 3 0.08 (0.03-0.25)
related causes pneumonia abdomen

5 External 9 0.10 (0.05-0.19) Meningitis and 3 0.16 (0.05-0.49) External 3 0.09 (0.03-0.28) Meningitis and 3 0.08 (0.03-0.25)
causes encephalitis causes encephalitis
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Tuble 3 (Continued)

1998-2007

1998-2001

2002-2004

2005-2007

Cause-specific

Cause-specific

Cause-specific

Cause-specific

Age mortality rate mortality rate mortality rate mortality rate
group No. of per 1,000 PY No. of per 1,000 PY No. of per 1,000 PY No. of  per 1,000 PY
and rank Cause deaths 95% ClI) Cause deaths (95% ClI) Cause deaths (95% ClI) Cause deaths (95% Cl)
Indeterminate 8 Indeterminate 3 Indeterminate 4 Indeterminate 1
15-59 years
1 Pulmonary 107  0.68 (0.57-0.83) ARI, including 23 0.76 (0.50-1.14) Pulmonary 44 0.75 (0.56-1.01) Pulmonary 44 0.65 (0.49-0.88)
tuberculosis pneumonia tuberculosis tuberculosis
2 Other 107  0.68 (0.57-0.83) Pulmonary 19 0.62 (0.40-0.98) Other 44 0.75 (0.56-1.01) Other 44 0.65 (0.49-0.88)
infectious tuberculosis infectious infectious
diseases diseases diseases
3 AR, including 78 0.50 (0.40-0.62) Other 19 0.62 (0.40-0.98) ARI, including 37 0.63 (0.46-0.87) Malaria 27 0.40 (0.27-0.58)
pneumonia infectious pneumonia
diseases
4 Malaria 61  0.39 (0.30-0.50) Maternal 18 0.59 (0.37-0.94) Maternal 25 0.43 (0.29-0.63) HIV/AIDS- 19 0.28 (0.18-0.44)
causes® causes® related
5 Maternal 56  0.36 (0.28-0.47) Acute 15 0.49 (0.30-0.82) HIV/AIDS- 24  0.41(0.28-0.61) ARI, including 18 0.27 (0.17-0.42)
causes® abdomen related pneumonia
Indeterminate 47 Indeterminate 9 Indeterminate 21 Indeterminate 17
60+ years
1 Pulmonary 137  7.84 (6.63-9.27) ARI, including 47 10.00 (7.79-14.00) Stroke 59  9.62 (7.45-12.00) Stroke 43 6.32 (4.69-8.52)
tuberculosis pneumonia
2 Other 137  7.84 (6.63-9.27) Pulmonary 43 9.49 (7.04-13.00) Other 54  8.80 (6.74-11.00) ARI, including 42 6.17 (4.56-8.35)
infectious tuberculosis infectious pneumonia
diseases diseases
3 Stroke 134  7.67 (6.48-9.09) Other 43 9.49 (7.04-13.00) Pulmonary 54  8.80 (6.74-11.00) Pulmonary 40 5.88 (4.31-8.02)
infectious tuberculosis tuberculosis
diseases
4 AR, including 130 7.44 (6.27-8.84) Stroke 32 7.06 (4.99-9.99) ARI, including 41 6.68 (4.92-9.08) Other 40 5.88 (4.31-8.02)
pneumonia pneumonia infectious
diseases
5 Malaria 63 3.61(2.82-4.62) Malaria 24 5.30 (3.55-7.90) Acute 20 3.26 (2.10-5.05) Acute 24 3.53 (2.36-5.26)
abdomen abdomen
Indeterminate 82 Indeterminate 28 Indeterminate 32 Indeterminate 22

®Rate based on person-time contributed by women aged 15-49 years who constitute the population at risk of maternal causes of death.
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Tuble 4. Comparison of incidence of communicable and non-communicable diseases in the Farafenni demographic surveillance

area by period and socio-demographic characteristics

Non-communicable diseases

Communicable diseases All Cancers Others
Rate ratio Rate ratio Rate ratio Rate ratio
(95% Cl) P (95% Cl) P (95% Cl) P (95% Cl) P

Period

1998-2001 1 1 1 1

2002-2004 1.09 (0.94-1.25) 0.265 0.91 (0.75-1.10) 0.317  0.85 (0.62-1.16) 0.310 0.94 (0.74-1.19) 0.625

2005-2007 0.75 (0.64-0.87) <0.0001 0.67 (0.55-0.81) <0.0001 0.59 (0.43-0.82) 0.002 0.71 (0.55-0.90) 0.006
Age group

<1 year 1 1 1

1-4 years  0.45(0.37-0.55) <0.0001 0.64 (0.31-1.34) 0.238 0.64 (0.31-1.34) 0.238

5-14 years 0.08 (0.06-0.10) <0.0001  0.34 (0.16-0.69) 0.003 0.30 (0.14-0.62) 0.001

15-60 years 0.17 (0.14-0.21) <0.0001 1.64 (0.87-3.09) 0.126 1 0.90 (0.47-1.72) 0.750

60+ years 1.68 (1.40-2.03) <0.0001 26.85 (14.34-50.28) <0.0001 12.31 (9.53-15.91) <0.0001 17.75 (9.44-33.36) <0.0001
Sex

Female 1 1 1 1

Male 1.42 (1.27-1.59) <0.0001 1.26 (1.09-1.47) 0.002 1.66 (1.29-2.15) <0.0001 1.09 (0.91-1.31) 0.359
Ethnic group

Wollof 1 1 1 1

Mandinka 1.18 (1.04-1.33) 0.012 1.45 (1.22-1.71) <0.0001 1.53 (1.15-2.05) 0.004 1.40 (1.14-1.72) 0.001

Fula 0.96 (0.82-1.12) 0.615 0.87 (0.70-1.09) 0.235 1.07 (0.74-1.53) 0.728 0.78 (0.59-1.03) 0.085

Other 0.84 (0.64-1.11) 0.232 0.56 (0.35-0.89) 0.015 0.82 (0.41-1.63) 0.562 0.44 (0.23-0.83) 0.011
Area of

residence

Urban 1 1 1 1

Rural 1.59 (1.42-1.79) <0.0001 1.56 (1.33-1.82) <0.0001 1.73 (1.33-2.26) <0.0001 1.47 (1.22-1.78) <0.0001

re-grouping all causes by sex into the categories indicated
in Fig. 3 and comparing the resulting patterns of cause
and sex-specific mortality rates with those derived for the
African region as a whole in 2008 (28). Apart from dif-
ferences in the magnitudes of the burdens of HIV/AIDS
and external (including injury) mortality, the InterVA-
derived cause and sex-specific patterns of mortality
among adults in the Farafenni HDSS area are remarkably
similar to those of the African region. Common features
between the two sets of mortality patterns include higher
mortality rates among males for external, communicable
and non-communicable disease-related causes of death
and a higher HIV/AIDS mortality rate among females
than among males. Communicable diseases, especially
pulmonary tuberculosis, constitute the greatest mortality
burden among adults aged 15-59 years in the Farafenni
HDSS area.

As expected, there were more deaths among the
elderly population aged 60 years and over, the group who
had the highest VA coverage (89%). However, in the
absence of an established cause-of-death structure for
the elderly in an epidemiological setting such as that of
the Farafenni HDSS, the plausibility of the disease-

specific mortality burdens in this age group cannot be
assessed with certainty. Judging from the reasonable
cause-of-death distributions obtained for children and
adults, and the fact that the InterVA-4 model has not
returned any unexpected or unreasonable cause or causes
of death in the elderly, the cause-of-death structure
obtained can be accepted as a reasonable reflection of
the pattern of mortality among the elderly in the area.
The results show that stroke has emerged as the leading
cause of death among this population in the latter part of
the period considered. The rise in cardiovascular risk
factors in this population to levels prevalent in the main
urban centre of The Gambia was established between
1996 and 1997 (30). Hence, the level of stroke mortality
produced by the model is plausible. Decreases in cause-
specific mortality rates for this age group were not
statistically significant and imply a stable cause-of-death
pattern over the study period.

Despite using VA data covering less than three-
quarters of all deaths in the period, especially among
children aged under 5 years, and transforming these data
from their original structure to meet InterVA-4 require-
ments, the model has proven useful in providing a
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Fig. 3. Cause and sex-specific mortality rates among Farafenni adults aged 15-59 years, 1998-2007.

population-based cause-of-death structure and disease-
specific mortality rates for a sub-national population
of The Gambia. The derived cause-specific mortality
rates should be interpreted as the minimal possible rates
because verbal autopsies were not administered for 29%
of the deaths considered in the study, especially among
children aged less than 5 years. In its Health Policy docu-
ment for the period 2012-2020, The Gambia govern-
ment identified the main causes of death in the country,
albeit without strong supporting evidence, as malaria,
pneumonia, anaemia, diarrhoeal diseases, road traffic
accidents, pregnancy complications and cardiovascular
diseases (20). Concern was also expressed over the increas-
ing incidences of tuberculosis and HIV/AIDS. The
results of this study reflect the same pattern of disease-
specific mortality burden in the Farafenni HDSS area,
and confirm the double burden of communicable and
non-communicable diseases, which constitute a huge
strain on a relatively weak local health care delivery
system.

The InterVA-4 model should be subjected to further
methodological tests and fine tuning to enhance its per-
formance in an epidemiologically dynamic setting like
that of the Farafenni HDSS area. Whilst an earlier study
confirmed that the model is capable of detecting a
significant epidemic of HIV-related mortality in South
Africa (31), and that the use of VA tracked effectively an
epidemiological transition in rural India (32), it has not
been sufficiently validated in settings with changing
malaria epidemiology and lower HIV prevalence than the
regional level prescribed by the model. With the recent

Citation: Glob Health Action 2014, 7: 25598 - http://dx.doi.org/10.3402/gha.v7.25598

decline in malaria incidence in The Gambia (16, 33), a
comparison of the results obtained from this study with
those generated by setting the HIV and malaria pre-
valence levels that reflect the current epidemiological
situation will show the extent to which death from com-
municable diseases will be redistributed. Non-communicable
disease-related deaths will not be affected. The outcome
of such a comparison will identify and document poten-
tial methodological limitations of the model in an envi-
ronment like the Farafenni HDSS and facilitate future
enhancement of the model.

Acknowledgements

We are grateful to the residents of the Farafenni HDSS and all the
respondents who agreed to participate in the verbal autopsy
interviews. We also express sincere gratitude to the following
fieldworkers for conducting the VA interviews: Louie Loppy, Lamin
M.D. Sanneh, Rohey John, Bakary Jallow, Saikou Sawo, Lamin
Makalo, Ebrima Janneh, Malick Njie, Tumani Trawally, Foday
Conteh, Yerro Bah, Ebou Touray, Yamundow Jallow and Yusupha
Dampha. Thanks also to Dr. Ifedayo Adetifa for useful comments
on an earlier version of the manuscript. We are grateful to the
INDEPTH Secretariat for organising and funding a series of data
analysis and scientific writing workshops in Ghana, Thailand,
Belgium and UK through core support grants from Sida (Research
Cooperation), the Wellcome Trust and the William & Flora Hewlett
Foundation.

Conflict of interest and funding

The Farafenni Health and Demographic Surveillance
System is supported by the Medical Research Council, UK.
The authors did not receive any funding from industry or

(page number not for citation purpose)


http://www.globalhealthaction.net/index.php/gha/article/view/25598
http://dx.doi.org/10.3402/gha.v7.25598

Momodou Jasseh et al.

elsewhere to conduct this study. MRCUK had no role in the
design of the study and writing of the manuscript.

References

1.

10.

11.

12.

13.

14.

15.

16.

Baiden F, Bawah A, Biai S, Binka F, Boerma T, Byass P, et al.
Setting international standards for verbal autopsy. Bull World
Health Organ 2007; 85: 570-1.

. Murray CJ, Lopez AD, Shibuya K, Lozano R. Verbal autopsy:

advancing science, facilitating application. Popul Health Metr
2011; 9: 18.

. Fottrell E, Byass P. Verbal autopsy: methods in transition.

Epidemiol Rev 2010; 32: 38-55.

. Setel PW. Verbal autopsy and global mortality statistics: if not

now, then when? Popul Health Metr 2011; 9: 20.

. Soleman N, Chandramohan D, Shibuya K. Verbal autopsy:

current practices and challenges. Bull World Health Organ
2006; 84: 239-45.

. Byass P, Chandramohan D, Clark SJ, D’Ambruoso L, Fottrell

E, Graham W], et al. Strengthening standardised interpretation
of verbal autopsy data: the new InterVA-4 tool. Glob Health
Action 2012; 5: 19281, http://dx.doi.org/10.3402/gha.v5i0.19281

. Leitao J, Chandramohan D, Byass P, Jakob L, Bundhamcharoen

K, Choprapawon C, et al. Revising the WHO verbal autopsy
instrument to facilitate routine cause-of-death monitoring. Glob
Health Action 2013; 6: 21518, http://dx.doi.org/10.3402/gha.
v6i0.21518

. Ramroth H, Lorenz E, Rankin JC, Fottrell E, Ye M, Neuhann

F, et al. Cause of death distribution with InterVA and physician
coding in a rural area of Burkina Faso. Trop Med Int Health
2012; 17: 904-13.

. Bauni E, Ndila C, Mochamah G, Nyutu G, Matata L, Ondieki

C, et al. Validating physician-certified verbal autopsy and
probabilistic modeling (InterVA) approaches to verbal autopsy
interpretation using hospital causes of adult deaths. Popul
Health Metr 2011; 9: 49.

Herbst AJ, Mafojane T, Newell ML. Verbal autopsy-based
cause-specific mortality trends in rural KwaZulu-Natal, South
Africa, 2000-2009. Popul Health Metr 2011; 9: 47.

Oti SO, Kyobutungi C. Verbal autopsy interpretation: a comp-
arative analysis of the Inter VA model versus physician review in
determining causes of death in the Nairobi DSS. Popul Health
Metr 2010; 8: 21.

Jaffar S, Leach A, Greenwood AM, Jepson A, Muller O, Ota
MO, et al. Changes in the pattern of infant and childhood
mortality in upper river division, The Gambia, from 1989 to
1993. Trop Med Int Health 1997; 2: 28-37.

Jasseh M, Webb EL, Jaffar S, Howie S, Townend J, Smith PG,
et al. Reaching millennium development goal 4 — the Gambia.
Trop Med Int Health 2011; 16: 1314-25.

Rutherford ME, Dockerty JD, Jasseh M, Howie SR, Herbison
P, Jeffries DJ, et al. Preventive measures in infancy to reduce
under-five mortality: a case-control study in The Gambia. Trop
Med Int Health 2009; 14: 149-55.

van der Sande MA, Inskip HM, Jaiteh KO, Maine NP,
Walraven GE, Hall AJ, et al. Changing causes of death in the
West African town of Banjul, 1942-97. Bull World Health
Organ 2001; 79: 133-41.

Ceesay SJ, Casals-Pascual C, Erskine J, Anya SE, Duah NO,
Fulford AJ, et al. Changes in malaria indices between 1999 and
2007 in The Gambia: a retrospective analysis. Lancet 2008; 372:
1545-54.

(page number not for citation purpose)

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Payne S, Townend J, Jasseh M, Lowe Jallow Y, Kampmann B.
Achieving comprehensive childhood immunization: an analysis
of obstacles and opportunities in The Gambia. Health Policy
Plann 2014; 29: 193-203.

Gambia Bureau of Statistics (2007). The Gambia multiple
indicator cluster survey 2005/2006 report. Banjul, The Gambia:
Gambia Bureau of Statistics.

. Schim van der Loeff MF, Sarge-Njie R, Ceesay S, Awasana AA,

Jaye P, Sam O, et al. Regional differences in HIV trends in The
Gambia: results from sentinel surveillance among pregnant
women. AIDS 2003; 17: 1841-6.

Gambia Government (2012). National health policy, 2012-
2020: health is wealth. Banjul: Ministry of Health and Social
Welfare, p. 52.

INDEPTH Network (2002). Population and health in develop-
ing countries: volume 1: population, health, and survival at
INDEPTH sites. Ottawa, Canada: International Development
Research Centre.

INDEPTH Network. INDEPTH Network Cause-Specific Mor-
tality — Release 2014. Oct 2014. Provided by the INDEPTH
Network Data Repository. www.indepth-network.org. doi: 10.
7796/INDEPTH.GH003.COD2014.v1.

Masanja H, de Savigny D, Smithson P, Schellenberg J, John T,
Mbuya C, et al. Child survival gains in Tanzania: analysis of
data from demographic and health surveys. Lancet 2008; 371:
1276-83.

Nakamura H, Ikeda N, Stickley A, Mori R, Shibuya K.
Achieving MDG 4 in sub-Saharan Africa: what has contributed
to the accelerated child mortality decline in Ghana? PLoS One
2011; 6: el7774.

Greenwood BM, Greenwood AM, Bradley AK, Tulloch S,
Hayes R, Oldfield FS. Deaths in infancy and early childhood in
a well-vaccinated, rural, West African population. Ann Trop
Paediatr 1987; 7: 91-9.

Walraven G, Telfer M, Rowley J, Ronsmans C. Maternal
mortality in rural Gambia: levels, causes and contributing
factors. Bull World Health Organ 2000; 78: 603—13.

Black RE, Cousens S, Johnson HL, Lawn JE, Rudan I, Bassani
DG, et al. Global, regional, and national causes of child
mortality in 2008: a systematic analysis. Lancet 2010; 375:
1969-87.

Mathers CD, Boerma T, Ma Fat D. Global and regional causes
of death. Br Med Bull 2009; 92: 7-32.

Etard JF, Le Hesran JY, Diallo A, Diallo JP, Ndiaye JL,
Delaunay V. Childhood mortality and probable causes of death
using verbal autopsy in Niakhar, Senegal, 1989-2000. Int J
Epidemiol 2004; 33: 1286-92.

van der Sande MA, Milligan PJ, Nyan OA, Rowley JT, Banya
WA, Ceesay SM, et al. Blood pressure patterns and cardiovas-
cular risk factors in rural and urban Gambian communities.
J Hum Hypertens 2000; 14: 489-96.

Byass P, Kahn K, Fottrell E, Mee P, Collinson MA, Tollman
SM. Using verbal autopsy to track epidemic dynamics: the case
of HIV-related mortality in South Africa. Popul Health Metr
2011; 9: 46.

Kumar R, Kumar D, Jagnoor J, Aggarwal AK, Lakshmi PV.
Epidemiological transition in a rural community of northern
India: 18-year mortality surveillance using verbal autopsy.
J Epidemiol Commun Health 2012; 66: 890-3.

Ceesay SJ, Casals-Pascual C, Nwakanma DC, Walther M,
Gomez-Escobar N, Fulford AJ, et al. Continued decline of
malaria in The Gambia with implications for elimination. PLoS
One 2010; 5: e12242.

Citation: Glob Health Action 2014, 7: 25598 - http://dx.doi.org/10.3402/gha.v7.25598


http://dx.doi.org/10.3402/gha.v5i0.19281
http://dx.doi.org/10.3402/gha.v6i0.21518
http://dx.doi.org/10.3402/gha.v6i0.21518
http://www.indepth-network.org
http://www.globalhealthaction.net/index.php/gha/article/view/25598
http://dx.doi.org/10.3402/gha.v7.25598


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00530065007400740069006e0067007300200066006f00720020007400680065002000520061006d007000610067006500200077006f0072006b0066006c006f0077002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


