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Background The Amazonian Amerindian populations living in the south-
ern and southwestern hinterlands of Suriname (South America) have come
into contact with western health care since approximately fifty years ago.
In this study, secondary data were used to assess the impact of Medical
Mission’ fifty-year old primary health care program on the health status
of these populations.

Methods Using data from the primary health care facilities of Medical Mis-
sion for 1965-1970, 1973-1977, 1982-1985, and 1997-2014, temporal
trends in incidence and mortality of respiratory tract infections, gastro-
enteritis, and malaria; population composition; birth and death rates; and
polyclinic consultations in these communities have been assessed over the
period between 1965 and 2014.

Results In the period covered by this study, the incidence of respiratory
tract infections and gastroenteritis declined by about 75% and 53%, re-
spectively, while malaria incidence rose sharply from the 1980s through
2005 but subsequently declined to levels approximating elimination.
Crude death rates dropped by about 70% while birth rates declined by
about 50% in the 1980s and since then remained at this level. The popu-
lation doubled in size and increased in all age groups, particularly in the
age group of =59 years. The infant mortality rate declined by 50%. In ad-
dition, the average yearly number of polyclinic visits per person decreased
6- to 7-fold during this period.

Conclusions The significant reduction of the infectious disease burden;
the doubling of the population size and the growth of the proportion of
elderly individuals due to the declining death rates; the declining infant
mortality rates to levels comparable to the national average as well as the
decline in average numbers of polyclinic consultations per person, indi-
cate that Medical Missions health service provision achieved its goal of im-
proving the health and survival of the indigenous people by providing free,
accessible and permanent medical services. Building upon this successful
experience Medical Mission could be instrumental in addressing potential

contemporary life-style related health threats.

The United Nations estimates that there are approximately 370 million indig-
enous peoples worldwide who live in at least seventy countries [1]. Many of
them share an important unfortunate commonality, ie, persisting inequities in
health status when compared to non-indigenous populations. As a result, total
mortality as well as maternal and infant mortality, malnutrition, infectious dis-
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eases such as malaria and tuberculosis, non communicable diseases such as cardiovascular illnesses, HIV/
AIDS, accidents and trauma, alcoholism, and suicidal behavior are disproportionally high in indigenous
people [1,2]. These outcomes are for a large part attributable to poor living conditions in reservations
and urban slums to which many of them have been assigned; unemployment; geographical isolation and
financial barriers regarding access to mainstream health care, existing health prevention and promotion
programs; and health services that are often insufficiently tuned to the cultural perceptions of the native
people [2-4]. These conditions probably also apply to many of the approximately 43 million indigenous
peoples of Latin America [2,3].

The current study focuses on the Amazonian Amerindians of the Republic of Suriname. This country is
located on the northeast coast of South America and is part of the Amazon River Basin (Figure 1). Its re-
mote south and southwestern hinterlands are inhabited by Amerindian populations belonging predomi-
nantly to the Trio, Wayana, and Akurio tribes. This population, the majority of whom belong to the Trio
tribe, numbered approximately 2500 persons in 2014 [5-7].

The Amerindians traditionally lived in small communities of fifteen to fifty individuals who have familial
ties. They moved regularly to new locations because of exhaustion of soil and game, ant plagues, family
feuds, and deaths [5,6,8]. In contrast to many other Amerindian communities in the Western hemisphere,
contacts with the “outside world” were initially rare. This situation changed with the advent of the mis-
sionaries in the 1950s followed by explorers, traders, and medical expeditions. The resulting deadly out-
breaks of “cough diseases” and other infectious ailments due to exposure to infectious agents to which
these populations had no immunity, led to the suspension of the medical expeditions and caused the Am-
erindians to move to the extreme south of Suriname where they maintained their traditional forager-hor-
ticulturalist way of living in an effort to avoid contact with the outside world [5,6,8].

Contacts with the “outside world” continued to occur sporadically until the 1960s, when “Operation
Grasshopper” was launched [6,3]. This project was aimed at improving the infrastructure of Suriname
by establishing airstrips in several villages in the interior. This led to the migration of the Amerindians to
new locations and the formation of much larger villages such as Alalaparu and Palumeu established in
1963, and Tepu and Kwamalasamutu established around 1964 and 1978, respectively (Figure 1). How-
ever, an important disadvantage of living in larger groups was a more rapid spread of new pathogens and
larger outbreaks of infectious diseases such as flu-like illnesses, tuberculosis, chicken pox, measles, and
mumps during the late 1960s and the early 1970s [8,9].

The urgent need for more comprehensive health care was met by Medical Missions establishment of a
structured health care system comprising a network of primary health care centers in the hinterland - in-
cluding the southern and southwestern parts of Suriname - with referral if necessary to hospitals in Su-
riname’ capital city Paramaribo in the coastal area of the country [8,9]. This unique system was placed

Figure 1. Positioning

of Suriname in South
America, and migrations
of Amerindians in the
south and southwestern
parts of Suriname. (red —
early 1960s; green — late
1960s-1970s; purple —
2005-2015).
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under the management of the non-governmental primary health care organization Medical Mission which
is fully subsidized by the Surinamese government since 1972 [8,9].

Medical Mission has been providing these forest peoples free access to health care and culturally appro-
priate disease prevention and health promotion programs for the past fifty years. The polyclinics are all
situated in the villages, and from the start health assistants were recruited from the local communities
in order to avoid potential cultural misperceptions. Since the early 1980s, the health assistants receive a
formal three-year training program that includes a wide range of basic patient care services including the
dispensary of essential drugs, diagnostic tests, vaccinations, emergency and trauma care, mother and child
care, including family planning services, as well as deliveries. Physicians and nurses of Medical Mission,
whose headquarters are in the capital city Paramaribo, conduct regular supervisory visits to the clinics
and support the health assistants who live nearby the clinics and run the daily services by short-wave ra-
dio or mobile telephone.

This paper provides an evaluation of the impact the unique health program of Medical Mission had on
the health status of the Amazonian Amerindians. During the five decades of their resettlement into larger
communities, these Amerindian peoples largely maintained their traditional life-style of hunting, fishing,
and crop cultivation. These communities rely mainly on rain, creek or river water; electricity is generally
not present in the villages aside from solar panels in the clinics and in some of the government facilities.
Since the past decade, their increased involvement in trade and gold mining is affecting their way of living
[10-12]. For this reason, the contemporary health challenges and those that lay ahead are also discussed.

METHODS

Study design and study population

This was a retrospective and descriptive study to evaluate Medical Mission’s primary health care program
for its effectiveness on the health status of the indigenous Amerindian populations living in the southern
and southwestern parts of Suriname. The study covered the period between 1965 and 2014. Temporal
trends in infectious disease burden, population composition, death rates, including infant mortality rates,
birth rates, as well as numbers of polyclinic consultations per person were used as proxies to assess the
accomplishments of the program.

Sources of data

From the start of Medical Mission in 1965, the physicians, nurses, and health assistants working with
the indigenous communities have been responsible for the registration of all the villagers (name, gender,
date of birth or estimated age), and for keeping track of numbers and purposes of patient visits to poly-
clinics, relocations as well as deaths and births. The health assistants have been instructed to tally all the
polyclinic visit and also to register the first visit of an infectious disease episode of a patient. This infor-
mation is recorded in weekly and monthly reports and submitted to Medical Mission headquarters in
Paramaribo, where it is processed into year reports. Since the late 1990s, Medical Mission headquarters
has automated its patient population database and weekly surveillance and monthly reports, which now-
adays has replaced the previous paperwork and improved efficiency and speediness of data processing.
Medical Mission headquarters, in its turn, submits death and birth certificates and surveillance reports
to the relevant governmental health agencies. There is no official civilian registry in most of Suriname’s
interior; therefore, Medical Mission’s records represent the only and most reliable sources of population
data in Suriname’s hinterland.

Annual numbers of consultations due to diarrheal disease, respiratory tract infections, and malaria per
year were retrieved from the annual reports for the periods 1965-1970, 1973-1977, 1982-1985 and from
Medical Mission’s electronic weekly surveillance and monthly reports for the period 1997-2014. Annu-
al numbers of births and deaths per year were retrieved from the year reports of Medical Mission for the
periods 1965-1970, 1973-1977, 1982-1985, 1997-1999, as well as 2003-2010. Due to an internal civil
war that lasted from 1986-1992 and ravaged the interior, including the health infrastructure, no data were
available for the period 1986-1997. It took Medical Mission approximately 5 post-war years to rebuild
its operations. Infant mortality rates were obtained from the available annual reports of 1965-1970 and
1982-1984 and for the period 2007-2014 by reviewing the available death certificates per year of infants
(0-11 months) which are kept at Medical Missions headquarters.
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Data on population composition by gender and age group were obtained from the annual report of 1969
and from the electronic population database of 2014. Estimated end-of-the year population sizes were
collected from Medical Mission’s annual reports over the above-mentioned periods and from the elec-
tronic files. Total numbers of patient consultations per year were collected from the annual reports and
the electronic monthly reports.

Data processing

Yearly incidence rates for respiratory tract infections, diarrheal disease, and malaria were derived by di-
viding the number of cases in a particular year by the size of the estimated end-of-the year population in
that year, and expressed per 1000 population per year. Averages covering three year intervals were com-
pared to smooth for yearly fluctuations due to the relatively small population size. The same process was
used for the birth and death rates estimations comparing several time periods.

The total population growth as well as the growth per age group and gender, were estimated by calculat-
ing the population growth of the total population between 1969 and 2014 as a percentage of the popu-
lation of 1969. Graphical displays of population by size, age group and gender for these years were pro-
duced and compared with each other.

Crude death and birth rates were calculated by dividing the number of deaths or births, respectively, in
a particular year by the estimated size of the end-of-the year population in that year, and were expressed
per 1000 population per year. Averages of crude mortality covering three-year periods were computed
and compared as well. In order to compare the crude death rates of 1969 with 2014 (the only years for
which populations compositions by age and sex were available), a standardized mortality ratio was cal-
culated to allow for age-standardization.

Infant mortality rates were calculated by dividing the number of infant (O-11months) deaths by the total
number of live births in a particular year and were expressed per 1000 live births. Additional to the birth
rates, fertility rates were calculated for 1969 and 2014, by dividing the total yearly number of births by
the total number of women in the child bearing age (15-44 years).The average number of polyclinic visits
per person per year was estimated by dividing the number of visits in a particular year by the estimated
size of the end-of-the year population in that year.

In all cases, the raw data were processed using Tableau Personal edition desktop 2016 version 9.2 (Tab-
leau Software, Seattle, WA, USA) and SPSS V.21.0 (IBM, Armonk, NY, USA).
Ethical considerations

The Ministry of Health (VG 004-14) and the Director of the Medical Mission (C050/14/EVE) approved
the use of the medical records, polyclinic registries, automated databases, and year reports of the Medi-
cal Mission for the current study.

RESULTS

Temporal trends in population size and composition

Table 1 gives the numbers of males and females in sever-

Tahle 1. Average yearly incidence rates for respiratory tract infec- al. age groups' of tbe southern and southwestern Amerin-
tions, gastroenteritis, and malaria in indigenous Amerindians from dian populations in 1969 and 2014. When compared to

the southern and southwestern of Suriname in 1969 and 2014* 1969, the southern and southwestern Amerindian popula-
Perion RESPIRATORY TRACT INFECTION  GASTROENTERITIS Mataria tions had more than doubled in size by 2014 (Table 1). Al-
1968-1970 3123.6 885.0 53.8 though growth had occurred in all age groups (Table 1), the
1982-1985 200.1 103.2 211.7 average yearly growth in the group of 59 years and older was
1997-1999 659.5 374.1 240.3 particularly evident. The observations not only suggest that
2000-2002 o44.4 438.5 396.2 these populations are increasing in size, but also that their
2003-2005 7935 534.1 517.7 age composition is changing so as to comprise proportion-
2006-2008 983.5 458.1 40.3 ally more elderly individuals. This ageing of the population
2009-2011 7817 5284 215 is illustrated by a comparison between the population pyr-
2012-2014 7398 383.0 19 amids of 1969 and 2014 (Figure 2), which shows not only
“Data are per 1000 population per year. better child survival but also better survival into old age.
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Figure 2. Population pyramids of the
indigenous Amerindians from the
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Temporal trends in incidence rates of infectious diseases

Table 2 gives the yearly incidence rates of the main infectious diseases during various periods between
1968 and 2014 in the Amerindians from south and southwest Suriname. Respiratory tract infections were
far more prevalent than gastroenteritis and malaria in 1968-1970 with more than three episodes per per-
son per year. Their incidence had substantially declined over time (by about 75% by 2012-2014). Gas-
troenteritis occurred at a rate of about one-third of that of respiratory tract infections and had declined
by about 53% by 2012-2014. As a result, both gastroenteritis and respiratory tract infections occurred in
2012-2014 at rates of less than one per person per year.

On the other hand, the average yearly incidence of malaria was relatively low in the period 1968-1970.
However, it increased in the subsequent time periods to epidemic levels of almost 10 times higher than
the initial value from the 1960s, then virtually vanished in the following decade (Table 2).

Overall, these results are consistent with a substantial decrease in the burden of the main infectious dis-
eases in the indigenous populations in the south and southwest of Suriname during the fifty-year period
covered by this study.

Table 2. Numbers of and average yearly growth by age group and gender in indigenous Amerindians from the
southern and southwestern of Suriname in 1969 and 2014

Age group (years) Number in Number in Average yearly Number in Number in Average yearly
1969 2014 growth (%) 1969 2014 growth (%)

0-8 180 301 1.5 177 284 1.3

9-18 116 262 2.8 87 282 5.0
19-28 121 158 0.7 121 215 1.7
29-38 75 129 1.6 88 162 1.9
39-48 57 125 2.7 59 40 3.1
49-58 33 97 4.3 38 99 3.6

59+ 16 136 16.7 15 153 20.4
Total 598 1208 2.3 585 1335 2.8
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Temporal trends in death and birth rates

Table 3 depicts the trends in (crude) death rates, infant mortality, and birth rates in the southern and
southwestern Amerindian populations over the period from 1965 through 2014. Average yearly crude
death rates were roughly 12 to 16 per 1000 population per year in the 1960s, but had since then declined
to on average 5 per 1000 population per year, ie, by approximately two-thirds. In order to standardize for
the difference in age structure, the indirect standardization method was used to compare the death rate

of 1969 with that of 2014. The crude death rates were 13.5

Tahle 3. Yearly average death, birth and infant mortality rates,  and 9.0 respectively and using the 2014 age-specific mortality

in indigenous Amerindians from the southern and south- rates as a reference, the standardized mortality ratio compar-

western of Suriname between 1965 and 2014* ing 1969 with 2014 was 2.8.

Peion AvERAGE CRUDE AvERAGE CRUDE AvERAGE INFANT Th ) ) )

DEATH RATE BIRTH RATE MORTALITY RATE e average infant mortality was almost 64 per 1000 live

1965-1967 15.9 39.8 63.7 births per year in 1965-1967 (Table 3). Although there were
1968-1970 12.2 43.8 32.4 wide fluctuations during the subsequent years, this value con-
1973-1977 4.9 32.8 N/A sistently remained under 50% of the initial rate (Table 3).
1982-1985 6.3 25.7 15.5
1997-1999 44 2 1 N/A Average crude birth rates in the 1960s were roughly 40 live
5000-2002 62 280 N/A births per 1000 population per year (Table 3). This value was
2003-2005 53 297 N/A roughly 25% lower from the early 1980s on. The fertility rates
2006-2008 5.9 32.0 20.4 for 1969 and 2014 were 140.5 and 91.1 per 1000 respectively.
20092011 28 202 54 Together, these results show that death rates, infant mortal-
2012-2014 5.0 26.5 28.9

N/A — not available

*Crude death rates are per 1000 population per year, infant mortality

ity rates, as well as birth rates had decreased in the past fifty
years in the Amerindians populations, but that the decrease

and crude birth rates are per 1000 live births per year. in death rates was much more pronounced than that in birth

Table 4. Average number of polyclinic visits per person per

rates. These findings are consistent with the above-mentioned
growth and shift in age composition of these communities

year in indigenous Amerindians from the southern and over the period covered bY this SUldY-

southwestern of Suriname between 1968 and 2014

Perion AVERAGE NUMBER OF POLYCLINIC VISITS PER PERSON PER YEAR Temporal trends in average yearly polyclinic
1968-1970 28.4 consultations per person
19731977 147 As shown in Table 4, the average number of yearly polyclinic
iiijzzg Eg consultations per person was about 28 in 1968-1970 (ie, al-
30002002 o8 most three visits per month), approximately 10 in 1983-2003
2003-2005 8.1 (ie, about 1 visit per month), but about 3 in 2012-2014 (e,
5006-2008 s6 roughly 1 visit every 4 months). These results clearly indicate
5009-2011 41 a decline in the utilization of medical care despite the marked
2012-2014 3.4 aging of the population.

DISCUSSION

This paper evaluates the impact of Medical Mission’s fifty-year old unique local health care provision on
the health status of the indigenous Amerindian populations living in the southern and southwestern parts
of Suriname. The results show a meaningful reduction of the infectious disease burden; substantially de-
creasing death rates, including infant mortality rates, and slower decreasing birth rates; a doubling of the
population size and a growing proportion of elderly individuals; as well as a decline in average numbers
of polyclinic consultations per person. Together, these observations indicate that the Medical Mission, as
the sole provider of primary health care services, achieved its goal of providing free, accessible and effec-
tive medical services to the indigenous people from Suriname while taking into consideration their spe-
cific cultural perceptions.

The notable decrease in the burden of infectious diseases is indicated by the marked reduction in the in-
cidence rates of the main infectious diseases, respiratory tract infections, gastroenteritis, and malaria. The
relatively high incidence of respiratory tract infections in the late 1960s is consistent with reports men-
tioning that this group of diseases -recurrent epidemics of flu, outbreaks of measles, as well as surges in
pneumonia and tuberculosis - represented major causes of illness and even death during the initial period
of contact with outsiders, as mentioned earlier [8,9]. The substantial decrease in the occurrence of respi-
ratory tract infections and gastroenteritis by the early 1980s was probably attributable to the availability
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of antibiotics treatment, the emergence of immunity, and, in the case of tuberculosis, isolation of patients
in sanatoria in Paramaribo as well as mass screening, treatment, and BCG (Bacillus Calmette—Guérin) vac-
cination in the affected villages [8,9]. The decrease in the incidence of diarrheal disease is probably also
attributable to the health promotional activities provided by the Medical Mission’s program. The fact that
this decline was less pronounced when compared to that of respiratory tract infections may be explained
by the greater risk of gastrointestinal infections in larger communities lacking safe piped water and ad-
equate sanitary facilities, which is, unfortunately, still the case in most of Suriname’s hinterland [7]. The
unexpected low reported values of gastroenteritis and respiratory tract infections in the early nineteen
eighties compared to subsequent reporting periods could be due to the quality of reporting.

Malaria did not constitute a major disease burden in the indigenous populations in the 1960s. In fact, this
disease was virtually under control in Suriname in those years [13]. However, from the late 1980s, malar-
ia invaded the entire hinterland of the country including the southern and southwestern parts, causing
massive epidemics in the Amerindian populations [14]. One of the important causes was the interior civ-
il war between 1986 and 1992 which disrupted a large part of the primary health care infrastructure of
Medical Mission [13]. The decline of malaria to near elimination levels during the first decade of the 21st
century is therefore the more remarkable, and must be credited to increased funding to fight the disease,
among others, by the Global Fund; the implementation of effective preventive measures including the
use of impregnated bed nets; and the introduction of efficacious therapeutic regimens such as artemisi-
nin-based combination therapy [14].

The shift in the composition of the Amerindian populations from small tribes characterized by a rela-
tively small group of elderly individuals, a high birth rate, and a high death rate, towards larger popula-
tion, lower death rates and a growing cohort of elderly, can probably for an important part attributed to
the above-mentioned achievements in health care. The relatively low (crude) death rates for the report-
ing period between 1965 and 1970 is in accordance with the contention that the continuous availability
medical care during the first five years following contact with outsiders averts the occurrence of massive
numbers of contact-related deaths [15].

The advancements in maternal care, child vaccinations, and treatment of infectious diseases almost cer-
tainly have contributed to the meaningful reduction in infant mortality in the Surinamese Amerindians
to around 20 per 1000 live births per year. This is comparable to the national infant mortality rate in Su-
riname [16] and is worth mentioning, particularly when considering that current rates of infant mortal-
ity in various Latin American countries exceed national averages by 3 to 4 times. [2,3,17-19]. Moreover,
the rapid increase in the number of elderly people signifies the need for services that address the specific
health care and social needs of this group [20,21].

The relatively high number of polyclinic visits between 1968 and 1970 (almost three per month per per-
son) is probably attributable to the implementation in that period of the directly observed treatment short-
course (so-called DOTYS) strategy. This strategy was originally recommended by World Health Organiza-
tion in order to maximize adherence to treatment for tuberculosis, and involved administering patients
their daily medications under direct supervision of a health worker [22]. The use of this approach since
the 1960s by Medical Mission for treating all infectious diseases in the indigenous communities explains
the relatively high number of tallied polyclinic visits per person during particularly the first decades when
regular outbreaks of these ailments occurred [8,9]. In general, the Amerindians were “polyclinic-mind-
ed” and made ample use of the services offered by Medical Mission [9]. As the DOTS strategy is still be-
ing applied for treating infectious diseases, the further reduction of patient visits to about one every three
months in the period 2012-2014 is remarkable and clearly indicates a reduced need for medical treat-
ment, which is consistent with the decrease in the occurrence of these conditions.

Obviously the current study is based entirely on Medical Mission’s data sources. It is possible that not all
deaths have been reported to the polyclinics. However, since the communities where the polyclinics are
situated are rather small, it is very unlikely that any death would remain unnoticed. To this date Medi-
cal Mission functions as registrar for the National Civilian Registry, for births and deaths in these remote
communities. Self-management for infectious diseases could have increased over time in these commu-
nities, leading to a lower demand, but in our view not on such a scale to result in the sustained decline
of the infectious disease burden over time. The demographic shift could have contributed to the further
decline in the infectious disease burden, especially with respect to diarrhoeal and respiratory diseases. On
the other hand malaria affects all ages, and the observed decline must thus be attributed to the anti-ma-
laria activities carried out by Medical Mission.
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Limitations

Our data set is limited by the gaps between the reporting periods for which no annual reports were avail-
able either due to unclear reasons or the interruption of regular services by Medical Mission during the
period of the internal civil war from 1986-1992. The automation of the reporting which started in 1997
could certainly have led to a more complete data set compared to the previous reporting periods. More-
over, training of staff and improvement of diagnostic capacity could have improved reporting as well.
Despite all these factors however, the downward trends over time for most of the measured outcomes is
significant.

Summarizing, the results from this study indicate that Medical Mission’s local primary health care struc-
ture has led to a declining burden of infectious diseases, declining birth, death rates and infant mortal-
ity rates in, as well as to a marked growth of the Amerindian populations in Suriname over the past fif-
ty years. These developments have led to an accelerated epidemiological and a demographic transition
which has also been observed in many other indigenous populations [23-25] and may fit Omram’ epide-
miological transition from a stage of pestilences and epidemics (stage 1) to a stage of receding infectious
disease burden (stage 2) facilitated by an increased availability of medical care [26-28]. In the meantime,
the relatively modest consumption of medical care mentioned above might imply a gap in care for latent
non-communicable diseases such as pre-diabetes, pre-hypertension, and premalignant conditions in these
populations. If true, this signifies a need for screening and early intervention for these conditions. It is
well documented that many indigenous peoples rapidly transitioned from high mortality from infectious
diseases to high rates of premature mortality from non-communicable diseases, the so-called diseases of
acculturation [2,17,20,29-33]. Indeed, our own preliminary studies (not shown) suggest that the pro-
portion of deaths due to cardiovascular diseases and diabetes mellitus in Surinamese Amerindians have
increased over the past decades. These observations suggest that these populations are at risk of transi-
tioning to stage 3 as described by Omram [26], where infectious diseases would be replaced by chronic
degenerative diseases. Whether this indeed holds true for the specific case of the Surinamese Amerindi-
ans should be addressed in more comprehensive future studies.

Building upon its fifty-year experience in successfully tackling infectious diseases Medical Mission could
be instrumental in addressing these potential contemporary health threats. The network of polyclinics
scattered over the hinterland and staffed by local trained health assistants is an important part in this de-
centralized model of care. On the global level health care delivery facilities in remotely living indigenous
populations tend to be either absent or experience problems related to the recruitment of health care pro-
viders willing to live in those communities, which hampers the access to essential health care [34,35].

The Amerindian populations in the south and southwest of Suriname still maintain a predominantly
traditional hunter-gatherer life-style that may protect them from early-onset non-communicable diseas-
es. Recent studies have shown that the prevalence of obesity, tobacco use and physical inactivity are still
relatively low among these populations [36,37]. This should be studied further and is important for the
development of prevention policies.

CONCLUSIONS

The significant reduction of the infectious disease burden; the doubling of the population size and the
growth of the proportion of elderly individuals due to declining infant mortality and overall death rates;
as well as the decline in average numbers of polyclinic consultations per person indicate that Medical
Mission’s program achieved its goal of impacting the health and survival of the indigenous people over
the past fifty years by establishing a permanent accessible and free medical health care system. Building
upon this experience in successfully tackling infectious, diseases, Medical Mission could be instrumental
in addressing life style related potential contemporary health threats of these indigenous people.

DECEMBER 2018 + VOL.8 No. 2 » 020403 8 www.jogh.org * doi: 10.7189/jogh.08.020403



Fifty years of primary health care in the rainforest

Acknowledgements: We wish to thank the Medical Mission’s staff for their assistance in the provision of the
data and additional information regarding Medical Mission’s work. We also wish to thank the staff of the Na-
tional Archives of Suriname for providing their assistance in retrieving the annual reports of Medical Mission
from the 1960s. We acknowledge William (Brad) Hawkins and Kate Lolley who provided assistance in the de-
sign of the maps and literature search.

Availability of data and materials: The data sets were compiled using two main data sources namely docu-
ments at the National archives of Suriname and documents and databases at Medical Missions’ headquarters

Authorship contributions: ME collected and analyzed the data, and drafted the first version of the manuscript.
DM provided advice and guidance in the research methodology and provided input during the development of
the manuscript. SV provided technical input into the manuscript. EVE provided the reports and data of Medi-
cal Mission and provided additional information regarding Medical Mission’s work.

Competing interests: The authors have completed the Unified Competing Interest form at www.icmje.org/
coi_disclosure.pdf (available on request from the corresponding author) and declare no conflict of interest.

1 United Nations Inter Agency Support Group. The health of Indigenous Peoples; Thematic paper towards the prepara-
tions of the 2014 World conference on Indigenous Peoples. June 2014.
2 Montenegro RA, Stephens C. Indigenous health in Latin America and the Caribbean. Lancet. 2006;367:1859-69. Med-
line: 16753489 doi:10.1016/S0140-6736(06)68808-9
3 Panamerican Health Organization. Health of indigenous peoples. Panam Salud Publica/Pan. Am ] Public Health.
1997;2:357-62.
4 Marrone S. Understanding barriers to health care: a review of disparities in health care services among indigenous pop-
ulations. Int J Circumpolar Health. 2007;66:188-98. Medline:17655060 doi:10.3402/ijch.v66i3.18254
5 Boven K. Samuwaka herdacht; Een geschiedenis van het Trio volk. Paramaribo: Amazone Conservation Team & Center
for Support of Native Lands. Paramaribo; 2001.
6 Findlay DGA. Trio en Wayana Indianen in Suriname. De West, Paramaribo: De West; 2011.
7 Resultaten Achtste. (8ste) Volks- en Woningtelling in Suriname (Volume 1). Edited by Algemeen Bureau voor de Statis-
tiek/ Census kantoor in Suriname. 2001; No. 294/2013-05.
8 Kuyp van der E. Het gevaar van toerisme voor de bovenlandse indianen in Suriname. 1971. Edited by Universiteit van
Suriname.
9 van Mazijk J. Halfjaarlijkse verslagen van het medisch werk van de Suriname Interior. Fellowship/Stichting Medische
Zending 1965-1970.
10 Boven KM. Survival in a frontier society; Processes of change among the Wayana in Suriname and French Guyana (with
a summary in English). Amsterdam: Rozenberg Publishers; 2006.
11 Heemskerk M, Delvoye K, Noordam D. Wyana baseline study. 2006. Amazone Conservation Team Suriname.
12 Carlin EB, Boven KM. The native population; Migrations and identities. Atlas of the Languages of Suriname; Chapter 1.
KITLV Press and Ian Randle 2015; 14-45, Leiden and Kingston.
13 Hiwat H. Novel strategies lead to pre-elimination of malaria in previously high-risk areas in Suriname, South America.
Malar J. 2012;11:10. Medline:22230221 doi:10.1186/1475-2875-11-10
14 Breeveld FJ, Vreden S, Grobusch MP. History of malaria research and its contribution to the malaria control success in
Suriname: a review. Malar J. 2012;11:95. Medline:22458802 doi:10.1186/1475-2875-11-95
15 Hurtado M, Hill K, Kaplan H, Lancaster J. The epidemiology of infectious diseases among south American Indians: A call
for guidelines for ethical research. Curr Anthropol. 2001;42:425-32. Medline:14992224 doi:10.1086/320482
16 Punwasi W. Doodsoorzaken in Suriname 2010-2011. Bureau Openbare Gezondheidszorg Ministerie van Volksgezond-
heid. Juli 2012.
17 Anderson I, Robson B, Connolly M, Al-Yaman E Bjertness E, King A, et al. Indigenous and tribal peoples’ health. Lancet.
2016;388:2867. doi:10.1016/S0140-6736(16)32465-5
18 Stephens C, Porter J, Nettleton C, Willis Stephens R. Disappearing, displaced, and undervalued: a call to action for
Indigenous health worldwide. Lancet. 2006;367:2019-28. Medline:16782493 doi:10.1016/S0140-6736(06)68892-2
19 Gurven M, Kaplan H, Zelada Supa A. Mortality experience of Tsimane Amerindians of Bolivia: Regional variations and
temporal trends. Am J Hum Biol. 2007;19:376-98. Medline:17421012 doi:10.1002/ajhb.20600
20 King M, Smith A, King Michael G. Indigenous health part 2: the underlying causes of the health gap. Lancet. 2009;374:76-
85. Medline:19577696 doi:10.1016/S0140-6736(09)60827-8
21 Bergman H, Karunananthan S, Robledo LM, Brodsky J, Chan P, Cheung M, et al. Understanding and meeting the needs
of the older population: a global challenge. Can Geriatr J. 2013;16:61-5. Medline:23737931 doi:10.5770/cgj.16.60
22 World Health Organization. What is DOTS? A Guide to Understanding the WHO-recommended TB Control Strategy
Known as DOTS. 1999.
23 Frenk J, Lozano R, Bobadilla JL. The epidemiological transition in Latin America. Notas Poblacion. 1994;22:79-101.
Medline:12290231

REFERENCES

www.jogh.org ® doi: 10.7189/jogh.08.020403 9 DECEMBER 2018 « VOL.8 NO. 2 « 020403


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16753489&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16753489&dopt=Abstract
https://doi.org/10.1016/S0140-6736(06)68808-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17655060&dopt=Abstract
https://doi.org/10.3402/ijch.v66i3.18254
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22230221&dopt=Abstract
https://doi.org/10.1186/1475-2875-11-10
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22458802&dopt=Abstract
https://doi.org/10.1186/1475-2875-11-95
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14992224&dopt=Abstract
https://doi.org/10.1086/320482
https://doi.org/10.1016/S0140-6736(16)32465-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16782493&dopt=Abstract
https://doi.org/10.1016/S0140-6736(06)68892-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17421012&dopt=Abstract
https://doi.org/10.1002/ajhb.20600
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19577696&dopt=Abstract
https://doi.org/10.1016/S0140-6736(09)60827-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23737931&dopt=Abstract
https://doi.org/10.5770/cgj.16.60
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12290231&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12290231&dopt=Abstract

Eersel et al.

24 Santosa A, Wall S, Fottrell E, Hogberg U, Byass P. The development and experience of epidemiological transition theory
over four decades: a systematic review. Glob Health Action. 2014,7:23574. Medline:24848657 doi:10.3402/gha.v7.23574

25 Bongaarts J. Human population growth in demographic transition. Phil Tran R Soc B. 2009;364:2985-90.

26 Omran AR. The epidemiological transition; a theory of the epidemiology of population change. Bull World Health Or-
gan. 2001;79:161-70. Medline:11246833

27 Harper K, Armelagos G. The changing disease-scape in the third epidemiological transition. Int J Environ Res Public
Health. 2010;7:675-97. Medline:20616997 doi:10.3390/ijerph7020675

28 Caldwell JC. Population health in transition. Bull World Health Organ. 2001;79:159-60. Medline:11242823

29 Trovato E Aboriginal mortality in Canada, the United States and New Zealand. J Biosoc Sci. 2001;33:67-86. Med-
line:11316396 doi:10.1017/50021932001000670

30 Albala C, Vio E Yanez M. Epidemiological transition in Latin America: a comparison of four countries. Rev Med Chil.
1997;125:719-27. Medline:9580335

31 Bravo EE Saint-Pierre GE, Yaikin PJ, Meier MJ. Description of deaths on Easter Island, 2000-2012 period. Asian Pac J
Cancer Prev. 2014;15:10091-4. Medline:25556431 doi:10.7314/APJCP2014.15.23.10091

32 Taylor R, Lewis ND, Levy S. Societies in transition: mortality patterns in Pacific Island populations. Int J Epidemiol.
1989;18:634-46. Medline:2807667 doi:10.1093/ije/18.3.634

33 Schooneveldt M, Songer T, Zimmet P, Thoma K. Changing mortality patterns in Nauruans: an example of epidemiolog-
ical transition. J Epidemiol Community Health. 1988;42:89-95. Medline:3418293 doi:10.1136/jech.42.1.89

34 United Nations. State of the world’s indigenous peoples. Indigenous peoples’ access to health services. New York; Unit-
ed Nations; 2010.

35 Marrone S. Understanding barriers to health care: a review of disparaties in health care services among indigenous pop-
ulations. Int J Circumpolar Health. 2007;66:188-98. Medline:17655060 doi:10.3402/ijch.v66i3.18254

36 Krishnadath IS, Toelsie JR, Hoffman A, Jaddoe VA. Ethnic disparities in the prevalence of metabolic syndrome and its risk
factors in the Suriname Health Study: a cross-sectional population study. BMJ Open. 2016;6:e013183. Medline:27927663
doi:10.1136/bmjopen-2016-013183

37 Eersel MGG, Krishnadath ISK. Eer van ED, Smulders YM, Mans DRA, Vreden SGS. Metabolic syndrome in indigenous
Amerindian women in Suriname: Less on waist and more on weight? Journal of Obesity and Overweight. 2016;3:2.

9]
£a}
O
Z
m
o
Sa}
B
]
a4

DECEMBER 2018 ¢ VOL.8 NO. 2 « 020403 10 www.jogh.org ® doi: 10.7189/jogh.08.020403


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24848657&dopt=Abstract
https://doi.org/10.3402/gha.v7.23574
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11246833&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20616997&dopt=Abstract
https://doi.org/10.3390/ijerph7020675
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11242823&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11316396&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11316396&dopt=Abstract
https://doi.org/10.1017/S0021932001000670
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9580335&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25556431&dopt=Abstract
https://doi.org/10.7314/APJCP.2014.15.23.10091
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2807667&dopt=Abstract
https://doi.org/10.1093/ije/18.3.634
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3418293&dopt=Abstract
https://doi.org/10.1136/jech.42.1.89
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17655060&dopt=Abstract
https://doi.org/10.3402/ijch.v66i3.18254
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27927663&dopt=Abstract
https://doi.org/10.1136/bmjopen-2016-013183

