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Abstract.

In 2005, Sao Tomé e Principe began an initiative aimed at reducing malaria-related mortality to zero.

The program included mass coverage with two antivector intervention methods (indoor residual spraying and long-
lasting insecticidal nets), artemisinin-based combination therapy, and intermittent preventive therapy in pregnancy with
sulfadoxine-pyrimethamine. At the end of 2007, three years after intensified interventions began, malaria-attributed out-
patient consultations, hospitalizations, and deaths decreased by more than 85%, 80%, and 95%, respectively, in all age
groups. Mean prevalence of parasitemia and splenomegaly were also significantly reduced to 2.1% (P < 0.0001) and 0.3%
(P < 0.0001) after two rounds of spraying from baseline prevalences of 30.5% and 48.8%, respectively. The dramatic
reduction in malaria morbidity and mortality now enable serious consideration of new goals and strategies aimed at com-
pletely interrupting malaria transmission on these islands. We report evidence of the program’s impact and the feasibility
of and potential strategies for eliminating malaria from Sao Tomé e Principe.

INTRODUCTION

Malaria has long been a problem in Sdo Tomé e Principe,
stressing its health systems and hampering the economic devel-
opment of the country. Before the early 1980s, intervention
efforts were localized and intermittent. After independence,
a full-scale malaria eradication program was undertaken
that combined bi-annual indoor residual spraying (IRS) with
dichloro-diphenyl-trichloroethane (DDT) and weekly pro-
phylaxis with chloroquine. This reduced malaria prevalence
from 19.2% to 0.6% and malaria-attributed mortality to zero.!
When control measures abruptly ceased because of financial
constraints, resistance of the vector to DDT, reduced accep-
tance by the people, and insufficient political commitment, the
incidence of malaria morbidity and mortality increased during
a devastating epidemic in 1985-1986.!% Thereafter, case man-
agement using chloroquine had been the sole anti-malarial
intervention used until recently, despite the high Plasmodium
falciparum resistance to chloroquine discovered in the early
1990s.>°

The Centro National de Endemias (CNE) drafted a national
malaria control strategy in 2004 that entailed scaling-up
preventive strategies including IRS, long-lasting insecticidal
nets (LLINSs), intermittent preventive therapy (IPT), and
early diagnosis and prompt treatment with artemisinin-based
combination therapy (ACT).® It was designed to achieve
millennium development goals for malaria, and promote
social and economic development in the country.” We review
the impact of current anti-malarial interventions on diverse
indicators. The practicality of eliminating malaria from Sao
Tomé and Principe and methods for achieving this goal are
examined.
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MATERIALS AND METHODS

Description of the islands. The two main islands compris-
ing the Democratic Republic of Sdo Tomé and Principe are
located along the equator in the Gulf of Guinea, 240 km west
of Gabon. Most of the 150,000 residents live along the shore
because the rugged, volcanic interior region is sparsely inhab-
ited. The climate, with an average annual temperature >25°C,
and a rainy season that extends from September to May,'
enables perennial malaria transmission. Although all four
species of Plasmodium have been detected,'> P. falciparum
predominates, with prevalence rates exceeding 70% in some
districts before the recent intensification.® Anopheles gam-
biae s.s. forest cytoform (type M) is the only malaria vector
in the country.’ It is primarily anthropophilic with a tendency
towards exophilic and exophagic behavior.'” Outdoor biting,
when it occurs, involves considerable zoophagy.

Current malaria prevention and treatment strategies.
Treatment of Malaria Cases with ACT. In 2005, the national
malaria control program introduced artemisinin plus
amodiaquine and Coartem® (Novartis, Basel, Switzerland)
(artemether-lumefantrine) as the first-line and second-
line drugs for treatment of uncomplicated malaria with
support from the Global Fund against AIDS, Tuberculosis
and Malaria (GFATM). Artemisinin plus amodiaquine
was highly efficacious against P. falciparum in assessments
undertaken soon after introduction.!” Health service facili-
ties and community level care are now generally accessible to
Sao Toméans, and most facilities are equipped for early diag-
nosis and treatment of malaria cases. All hospitals, heath cen-
ters, and most health posts are equipped with microscopes
for examination of blood smears, and some health posts not
equipped with microscopic diagnostics are using rapid diag-
nostic tests for malaria diagnosis. As a result, more than
90% of patients less than five years of age received diagno-
sis and prompt and effective anti-malarial treatment in 2006.'
Quinine remains effective and continues to be used to treat
severe malaria.’?

Intermittent preventive therapy. Sulfadoxine-pyrimetha-
mine is used solely for IPT in pregnancy, although, an
in vivo study conducted in 2000 indicated approximately 20%
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clinical failures.!! Another study showed high frequencies of
resistance-associated mutations.'* The rate of IPT use by preg-
nant women reached 66.7% in 2005 and 75.9% in 2007.2

Interventions against malaria vectors. Current anti-vector
interventions on Sdo Tomé and Principe target adult mos-
quito vectors using IRS and LLINs. The CNE, in partnership
with the Taiwan International Cooperation and Development
Fund, apply alpha-cypermethrin at a dosage of 50 mg/m?* to
the interiors of all homes across Sdo Tomé and Principe.'* A
susceptibility study of An. gambiae to alpha-cypermethrin
showed 100% sensitivity in 2004 and 94-100% sensitivity in
2005 one year after implementation.'”> The program began
with a limited pilot phase from July 2003 through July 2004,
which resulted in a 25-50% reduction in prevalence of para-
sitemia.!® The program was extended to the entire country in
December 2004, with 87% acceptance rate of IRS for dwell-
ings and outhouses, and population coverage exceeded 90% in
each of the three rounds completed thus far.*

In 2005, with funding from GFATM, the government began
distributing free LLINs throughout the country with particu-
lar emphases on children less than five years of age and preg-
nant women. In three years, more than 50,000 LLINs were
distributed using all levels of the health system, and at the end
of 2007, 78.3% of households owned at least one bed net. The
percentage of children sleeping under bed nets has increased
from 1% in 1996 to 40% in 2004 and 57.9% in 2005.

Data and estimation of malaria impact indicators. Multiple
malaria program indicators selected from the list of the Roll
Back Malaria Impact Indicators,” were assessed using data
from health information systems (HIS), malariometric sur-
veys, and community death registers. Laboratory-confirmed
(microscopy and rapid diagnostic tests) malaria and all-cause
case data from hospitals, health centers, and health posts
from 1995 through 2007 were obtained from the HIS records
of CNE. The data, including outpatient consultations, hospi-
tal admissions, and deaths, were compiled on a yearly basis
by age (< 5 and > 5 years). Numbers of malaria-attributed
and all-cause deaths were determined from HIS and com-
munity death registers. Data for 1995-1999 was consolidated
nationally, and data for 2000-2007 were available by district.
Mean monthly precipitation and temperature were obtained
from the International Research Institute for Climate and
Society (IRI) at the Earth Institute (IRI FD ECHAM4pS5
History MONTHLY surface dataset for coordinates 5.625E
1.395307N).

Trends were determined for absolute number of malaria-
related outpatient consultations, hospitalizations, and deaths
by year. To assess the relative burden of malaria, malaria-
attributed outpatient consultations, hospitalizations, and
deaths were estimated. The attributable risk of burden is
the proportion of all-cause burden that are attributable to
malaria (%). To evaluate the quality of case management for
severe and complicated malaria, malaria-case fatality rates
in health facilities were determined. Each indicator was esti-
mated for both age groups. In addition, two-slope linear spline
models were fitted to these indicators for children less than
five years of age to estimate two regression lines (slopes) for
the pre- and post-intervention periods.

To determine mean malaria prevalence over time, we revie-
wed diverse malariometric surveys that recorded prevalence
of parasitemia and splenomegaly among children 2-9 years of
age and were conducted by CNE from 2003 through 2006.!

These surveys were conducted before and after the initia-
tion of IRS operations in various districts of Sdo Tomé and
Principe. A total of 36 malariometric surveys were under-
taken: 17 before the initiation of the IRS program, 13 after the
first round of IRS, and 6 after the second round of IRS. Mean
prevalence of parasitemia and splenomegaly were estimated
for each of the three periods.

RESULTS

Malaria morbidity and mortality have decreased substan-
tially since 2005. Reported malaria cases (outpatient and
inpatient) and deaths from 1995 through 2007 in relation to
precipitation and temperature are shown in Figure 1. Prior
to the recent initiatives, malaria had been the dominant pub-
lic health problem in the country. The annual number of out-
patient consultations had exceeded 40,000, with more than
10,000 hospitalizations and more than 400 deaths attributed
to malaria. By 2007, the malaria burden had been reduced
highly significantly, with only 2,371 outpatient consultations,
834 hospitalizations, and 3 malaria related deaths (Figure 1).
Rainfall and temperature remained similar before and after
the scale-up of interventions. Time-series analysis, control-
ling for seasonal change, indicated a non-significant trend
for rainfall (P = 0.87) and temperature (P = 0.55), which
suggested that changes in burden could not be attributed to
climatic anomalies.

Before the scale-up of control efforts (2000-2003), on aver-
age malaria accounted for 50% of outpatient consultations
in both age groups, 70% of admissions and 50% of deaths
in children < 5 years of age and 60% of admissions and 20%
of deaths in persons > 5 years of age (Figure 2). As is typical
where malaria transmission is intense, malaria-attributed hos-
pitalizations and deaths were higher in children < 5 years of
age than in persons > 5 years of age, and the risk of uncompli-
cated malaria (outpatient) was similar in both age groups. The
malaria-attributed outpatient consultations, which exceeded
50% in both age groups prior to the scale-up of control efforts,
decreased by 92.6% and 87.2% in 2007 in children < 5 years of
age and in persons > 5 years of age, respectively (Figure 2A).
During the same period, the malaria-attributed hospitaliza-
tions (Figure 2B) decreased by 87.5% and 82.3% in children
< 5 years of age and in persons > 5 years of age, respectively.
Similarly, the malaria-attributed deaths (Figure 2C) showed a
reduction by more than 95% in both age groups. However, the
malaria case-fatality rate remained unchanged over time in
both age groups (Figure 2D). Interestingly, much of the differ-
ence in the risk of severe malaria (hospitalization) and malaria-
related death between the two age groups disappeared after
scale-up of interventions, which indicated a control effect in
all age groups. These gains extended to all districts. Data for
outpatient department visits and hospitalizations are shown in
Table 1. Results of spline regression models for four indicators
in children less than five years of age are shown in Table 2 and
reaffirm the reduction of malaria burden. Malaria-attributed
outpatient visits, hospitalizations, and deaths showed an accel-
erated and highly significant decrease post-intervention, and
the slope for malaria case-fatality showed a decrease that was
not significant.

Implementation of a nationwide IRS program was asso-
ciated with an overall reduction in the prevalence of para-
sitemia and splenomegaly throughout the country. The mean
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FiGUre 1. Scale-up of malaria interventions, yearly reported laboratory confirmed malaria out-patient consultations, hospitalizations and
deaths, and mean monthly precipitation and temperature in Sdo Tomé and Principe, 1995-2007.

prevalence of parasitemia and splenomegaly and 95% confi-
dence intervals for surveys undertaken before and after the
first and second rounds of the IRS program among children
2-9 years of age are shown in Figure 3. Mean prevalence of
parasitemia, which was 30.5% before the initiation of IRS,
decreased to 8.3% and 2.1% (P < 0.0001) after the first round
and second round of IRS, respectively. Similarly, the mean
prevalence of splenomegaly decreased to 27.1% and 0.3%
(P <0.0001), respectively, after the first and second rounds of
IRS from a pre-intervention prevalence of 48.8%. The reduc-
tion in prevalence of parasitemia was particularly remarkable
when compared with the reduction in prevalence of splenom-
egaly after the first round of IRS.

DISCUSSION

The reduction in malaria burden achieved in the wake of
the recently intensified anti-malarial efforts in Sao Tomé and
Principe is comparable with the effect of the full-scale eradi-
cation program carried out during the early 1980s.! This time,
however, the prospects of sustaining these efforts and suc-
cesses appear much more favorable because of the strong
external financial and technical support.!”

Although climatic conditions favorable to malaria trans-
mission remained the same, malaria morbidity and mor-
tality showed a marked reduction within three years after
the recent scale-up began. This can only be explained by
the combined effect the integrated package of preventive
measures and universal access to effective ACTs. Although
the relative influence of each control measure cannot be

determined precisely, the use of IRS has probably con-
tributed most because gains began to accrue even before
LLINs had been widely distributed. The IRS pilot, which
was implemented from July 2003 through July 2004, resulted
in a 25-50% reduction in prevalence of parasitemia.”
Parasitologic assessment of the IRS program among chil-
dren less than nine years of age before the IRS campaign
and 12 months after the first spraying round showed a dra-
matic reduction of prevalence of malaria parasitemia.'* This
finding is consistent with prior reports of the impact of IRS
on malaria incidence.?

The rapid therapeutic response to ACTs, combined with its
probable anti-gametocidal properties,?'? would also contrib-
ute substantially to the reduction of malaria transmission.?
Deployment of ACTs in Zanzibar may have contributed
to reduction of malaria-associated morbidity and mortality
within two years.?*

With coverage increasing dramatically over the last three
years, the contribution of LLINs should also not be un-
derestimated. The personal as well as community protective
effects of nets have likely played a major role in reducing
the malaria burden.® The use of insecticide-treated bed
nets has been shown to reduce deaths in children less
than five years of age by up to 20% in Africa,?® and a study
in Sdo Tomé and Principe has also shown a significant reduc-
tion in the prevalence of malaria among bed net than in
nonusers.” Because of the potential synergies invol-
ved, these reductions may not have been achieved as qui-
ckly if the integrated measures had not been introduced
simultaneously.”
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The malaria case-fatality rate remained unchanged over
time in both age groups, an indication that the quality of severe
malaria case management has not yet improved. The reduc-
tion in the absolute number of severe malaria cases caused
by the rapid therapeutic response to ACTs may result in hos-
pitalization of only the sickest patients, which may increase
malaria-specific mortality if not accompanied by improved
case management. Thus, further efforts are still needed to
improve health outcomes beyond what has been accomplished
by reducing transmission.

Health service coverage, completeness of reporting over
time, and health-seeking behaviors are the major limitations
of HIS data. However, persons in general enjoy compara-
tively good access to health service facilities and community
level care. Thus, the information obtained captures most cases
in the country. No major changes in the HIS occurred during
this period. Thus, the malaria cases and deaths recorded reli-
ably indicate the time trend in malaria incidence. Moreover, to
demonstrate a consistent finding, we have included malaria-
attributed outpatient visits, admissions, and deaths to control
any change in access and use of health services and comple-
teness of reporting over time.

These findings suggest that complete elimination of trans-
mission can now be seriously considered. Elimination will

require new goals and strategies adapted to the current malaria
situation. New intervention approaches may be necessary to
attack vector populations refractory to current approaches
and to consolidate the reductions in burdens already achieved
by the current integrated approach.

The primary challenge to sustain the current efforts and
new intervention approaches will be the availability of fund-
ing. Thus, more work will be needed to secure sustained inter-
nal and external funding. The successful elimination of malaria
in Taiwan was as a result of government initiative and commit-
ment, development of basic health structures and community
support, careful planning and organization, and strong assis-
tance of international organizations.”® Thus, it will be essen-
tial for the health service to show the political will to sustain
high expenditures on malaria control even when it ceases to
be a dominant proportion of the overall burden of disease.
Failure to sustain the effort under these conditions seems to
have been the main cause of the resurgence of malaria in India
in the 1970s and 1980s, after achieving a 99.8% reduction in
malaria incidence in the 1950s and 60s.

The unique physical situation of Sdo Tomé and Principe
provides additional reasons for optimism. The relatively small
land surface of the islands, the accessibility of transmission
zones, the small population, and the distance from the African
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TABLE 2
Slopes for the relative change in malaria-attributable measures per
year before and after current antimalarial efforts (indoor residual
spraying) in children less than five years of age in Sdo Tomé and
Principe

Indicators Pre-intervention Post-intervention

Malaria-attributed

out-patient consultations ~ —0.03 (P = 0.8) -0.97 (P < 0.0001)
Malaria-attributed

hospitalizations -0.08 (P=0.35) —0.94 (P < 0.0001)
Malaria-attributed deaths 0.04 (P=0.77)  -0.99 (P =0.001)
Malaria-case fatality -0.44 (P=0.29) -0.38 (P =0.36)

mainland facilitate the distribution and impact of interven-
tions. Antivector interventions are naturally assisted by the
forces of island biogeography, which limit mosquito vectors to
a single species and ensure that recolonization events will be
relatively infrequent. Together, these characteristics make Sao
Tomé and Principe uniquely suited for a strategy aiming to
eliminate malaria from the islands.*

The relative distance and isolation of Sdo Tomé and Principe
will also facilitate elimination by limiting imported human
cases from the African mainland. Such has been the experi-
ence in other tropical islands such as Réunion, Mauritius, St.
Helena, and the Seychelles.’! The presence of a single vector
species with a propensity to feed on domestic animals pro-
vides a target with a lower vectorial capacity than a strictly
anthropophilic vector, requiring less effort to reduce tran-
smission potential to low levels.?>3

Past malaria intervention efforts with IRS from 1980
through 1983 have also demonstrated the technical feasibility
of eliminating malaria from islands where it remains endemic.!
However, there is a need to continue the IRS program until
gains in the interruption of malaria transmission have been
further consolidated and the LLIN distribution program has
had an opportunity to achieve universal coverage. Although,
similar IRS operations dramatically reduced incidence of
malaria cases,”’ transmission has never been completely elimi-
nated,* and early interruption has led to the appearance of
serious malaria epidemics.!

Malaria elimination might be achieved in a staged manner,
initially by significantly reducing the disease burden through
conventional methods, followed by integration of diverse

I

60

Parasitemia Splenomegaly

o
T

D
T

Mean Prevalence (%)
N w
o o
1 1
| |

-
o
1

I ¥ Py

0 T T T T T e
0 1 2 0 1 2

O=before IRS, 1=after 1st round, 2=after 2nd round IRS program

FiGure 3. Prevalence of malaria parasitemia and splenomegaly
among children 2-9 years of age before and after initiation of the first
and second rounds of the indoor residual spraying program, Sao Tomé
and Principe.

methods not generally cost-effective in situations of high
endemicity, including active case detection at the community
level, mass presumptive treatment with ACTs, larviciding, and
source reduction informed by intensive vector surveillance.
With mass treatment of the populace living in active foci, the
synergies associated with the gametocidal properties of ACTs
should become highly evident at this point.

Transitions to a broader level of integration can be executed
only after transmission has been subdued such that it becomes
infrequent and highly focal, enabling additional intervention
methods to be implemented without draining resources unsus-
tainably. Current interventions including early diagnosis and
treatment with ACTs, information education and communica-
tion, IRS, LLINs, and IPT in pregnancy would be sustained
throughout this phase, and would only be relaxed once actual
elimination is achieved. Inter-sectoral collaborations with
entities such as the public works and agricultural and environ-
mental sectors are also critical to broaden the involvement in
malaria control, to include stakeholders with relevant capaci-
ties and expertise.

Elimination efforts will require robust and sensitive health-
facility-based surveillance systems. As transmission decreases,
foci of active transmission and imported cases must be iden-
tified and targeted for rapid response before they lead to
outbreaks. Surveillance should continue even after malaria
transmission has been eliminated, particularly near ports of
entry of potentially infected travelers. Historical review of
malaria control in Taiwan shows that vigorous malaria sur-
veillance activities after the attack phase were responsible for
eliminating all the remaining foci of transmission.*

Malaria control programs linked to strong research activities
are among the most successful.’ Thus, to achieve malaria elim-
ination, the malaria control strategies should be supported by
a robust program of operational research including monitor-
ing of drug sensitivity and insecticide resistance. In Sri Lanka,
widespread insecticide resistance in the main Anopheles vec-
tors might have been the main reason for the resurgence of
malaria after many years of IRS program with the same insec-
ticide.’” Thus, monitoring of insecticide resistance, which is a
constant threat, is critical in informing the program to take
appropriate measures. The country should establish a link
with experts and centers of excellence for the management of
insecticide resistance. Monitoring of insecticide resistance on
an annual basis is critical because the same pyrethroid is being
used in multiple types of interventions.®® Genetic profiling of
vector populations to indicate that prevalence of knockdown
resistance mutations are particularly valuable because of the
early warning such sensitive indicators provide of potential
control failures. Early warning provides an opportunity to
switch to alternative insecticides before resistance can exert a
measurable clinical impact.

Strengthening the general health services is critical to provide
an institutional environment in which a program of intensified
and diversified antimalarial activities designed to eliminate
transmission can thrive. A health system that can diagnose
and treat cases promptly and effectively will not only support
monitoring efforts but may also reduce overall transmission by
limiting the access of vectors to gametocytemic patients.

Further strengthening of the capacity to monitor and eval-
uate interventions through combination of epidemiologic
and entomologic surveillance will be essential in supporting
elimination efforts.** Effective monitoring and evaluation
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can identify bottlenecks and obstacles early enough to enable
them to be remedied before they adversely impact disease
outcomes and stated goals. Malaria case incidence is a fun-
damental measure for monitoring the overall effect of all
interventions on the population and for gauging how much
additional effort, coverage, or efficiency is required to achieve
elimination.

Elimination, when it occurs, would likely not be absolute
given the regional context. In Sao Tomé and Principe, it would
be defined as a stable endpoint in which transmission occurs
infrequently and is not associated with particular locales. Any
outbreaks that occur would be focal and associated more
with re-introductions than with the intrinsic disease ecology.
Reaching such an endpoint, although retaining the ability
to detect and interdict outbreaks would prevent the type of
explosive and calamitous resurgences of malaria that can occur
when anti-malarial measures are interrupted. Thus, there is a
need to actively prevent re-establishment and achieve a sus-
tainable interruption of malaria transmission.

In conclusion, the evident vulnerability of malaria to inten-
sive interventions on these islands, combined with improve-
ments in access to anti-malarial measures, signal the possibility
of eliminating malaria in Sd3o Tomé and Principe as a logi-
cal extension of the successes thus far achieved in reducing
malaria transmission. Eliminating malaria from Sao Tomé
and Principe will demonstrate the potential benefit of
increased global funding in reducing the burdens of malaria
in sub-Saharan Africa.

Received July 26, 2008. Accepted for publication September 16, 2008.

Acknowledgments: We thank the Centro National de Endemias,
Democratic Republic of Sao Tomé and Principe for allowing access to
the information, and Paola Mejia for her comments and suggestions in
preparing the manuscript.

Financial support: This study was supported by the Open Society
Institute (grant nos. 20014547and 20015285) and United Nations
Development Program grant no. Cu02792901 awarded to the Earth
Institute, Columbia University. The sponsors had no role in the study
design, data collection, data analysis, data interpretation, or writing of
the manuscript.

Authors’ addresses: Hailay Desta Teklehaimanot, Earth Institute
at Columbia University, 2910 Broadway, New York, NY 10025 and
Center for National Health Development in Ethiopia, PO Box 664,
Code 1250, Addis Ababa, Ethiopia, E-mail: hailaycnhde@ethionet.et.
Awash Teklehaimanot, Earth Institute at Columbia University, 2910
Broadway New York, NY 10025, E-mail: thawash@ei.columbia.edu.
Anthony Kiszewski, Bentley College, 175 Forest Street, Waltham,
MA 02452, E-mail: akiszewski@bentley.edu. Herodes Sacramento
Rampao, Ministry of Health, Centro Nacional de Endemias, Bo Qa
St.Antonio, Sdo Tomé and Principe, E-mail: sacramentosousa@yahoo
.com.br. Jeffrey D. Sachs, Earth Institute at Columbia University, 314
Low Library, MC 4327, 535 West 116th Street, New York, NY 10027,
E-mail: sachs@columbia.edu.

REFERENCES

1. Ceita JG, 1986. Malaria in Sao Tomé and Principe. Proceedings of
the Conference on Malaria in Africa. Washington, DC: American
Institute of Biological Sciences, 142-155.

2. Loureiro LF, Cesario AM, Franco AS, Rosario VE, 1996. Malaria
in Sdo Tomé and Principe: prevalence and drug-susceptibility.
Ann Trop Med Parasitol 90: 223-224.

3. Baptista JL, Das Neves I, D’Alessandro U, Hendrix L, Wéry M,
1997. Plasmodium falciparum chloroquine and quinine sensi-
tivity in asymptomatic and symptomatic children in Sao Tomé
Island. Trop Med Int Health 2: 582-588.

4. Lopes D, Nogueira F, Gil JP, Ferreira C, do Rosario VE, Cravo P,
2002. pfert and pfmdr] mutations and chloroquine resistance in
Plasmodium falciparum from Sao Tomé and Principe, West
Africa. Ann Trop Med Parasitol 96: 831-834.

5. Martet G, Da Conceicao S, Cordoliani G, Delolme H, Raphenon
G, Hovette P, Doury JC, Baudon D, Touze JE, Lecamus JL,
1991. Malaria in the republic of Sdo Tomé and Principe.
Epidemiologic evaluation and chemoresistance of P. falci-
parum. Bull Soc Pathol Exot 84: 273-280.

6. Centro National de Endemias, 2004. National Strategic Plan for
Roll Back Malaria in Sao Tomé and Principe, 2004—-2010. Sao
Tomé e Principe: Ministerio da Saude Centro Nacional de
Endemias.

7. Teklehaimanot A, Singer B, Spielman A, Tozan Y, Schapira A,
2005. Coming to Grips with Malaria in the New Millennium.
London: Earthscan.

8. Pinto J, Sousa CA, Gil V, Gongalves L, Lopes D, do Rosario VE,
Charlwood JD, 2000. Mixed-species malaria infections in the
human population of Sdo Tomé island, west Africa. Trans R Soc
Trop Med Hyg 94: 256-257.

9. Pinto J, Sousa CA, Gil V, Ferreira C, Gongalves L, Lopes D,
Petrarca V, Charlwood JD, do Rosario VE, 2000. Malaria in Sdo
Tomé and Principe: parasite prevalences and vector densities.
Acta Trop 76: 185-193.

10. Ribeiro H, Ramos HC, Janz JG, 1992. The feeding and resting
behaviour of Anopheles gambiae on the islands of Sao
Tomé and Principe, West Africa. Bull Soc Vector Ecol 17:
25-217.

11. Ferreira ID, Martinelli A, Ferreira C, do Rosario VE, Cravo P,
2007. In vitro assessment of artesunate, artemether and
amodiaquine susceptibility and molecular analysis of puta-
tive resistance-associated mutations of Plasmodium falciparum
from Sao Tomé and Principe. Trop Med Int Health 12:
353-362.

12. Centro National de Endemias, 2006. Avaliacao do Conhecimento,
Atitude e Pratica da Populacao em Relacao ao Mosquiteiro
(Fundo Global). Sao Tomé e Principe: Ministerio da Saude
Centro Nacional de Endemias.

13. Cravo P, Figueiredo S, Nogueira F, Lopes D, Ferreira ID, Ferreira
C, GilJP,do Rosario VE,2004. High frequency of SP resistance-
associated genetic polymorphisms in P. falciparum from STP
(West Africa). Ann Trop Med Parasitol 98: 293-296.

14. Tseng LF, Chang WC, Ferreira MC, Wu CH, Rampao HS, Jih CL,
2008. Short report: rapid control of malaria by means of indoor
residual spraying of alphacypermethrin in the Democratic
Republic of Sdo Tomé and Principe. Am J Trop Med Hyg 78:
248-250.

15. Centro National de Endemias, 2006. Ensaios de Susceptibilidade
do Anopheles gambiae ao Insecticida Alfacipermetrina Relatorio.
Sao Tomé e Principe: Minsterio da Saude Centro Nacional de
Endemias.

16. International Cooperation and Development Fund, 2006. Report
on the Malaria Control Project initiated in the Democratic
Republic of Sao Tomé and Principe for the First Term of Three
Years (July 2003-June 2006): The Anti-Malaria Team of
Taiwan in DRSTP. Medical Mission to Sdo Tomé and
Principe.

17. Global Fund against AIDS, Tuberculosis and Malaria, 2007.
Consolidating Malaria Control Efforts for Malaria Elimination
in Sao Tomé and Principe: The Global Fund to Fight AIDS,
Tuberculosis and Malaria, Round 7.

18. Centro National de Endemias, 2006. Indices Plasmodico e
Esplenico em Criancas dos 2 Aos 9 Anos, Sdo Tomé e Principe,
2003-2005. Relatorio: Minsterio da Saude Centro Nacional de
Endemias.

19. 2006. Report on the Malaria control Project Initiated in the
Democratic Republic of Sao Tomé and Principe for the First
Term of Three Years (July 2003-June 2006). Team for Malaria
Control in DRSTP—Taiwan.

20. Mabaso ML, Sharp B, Lengeler C, 2004. Historical review of
malarial control in southern African with emphasis on the use
of indoor residual house-spraying. Trop Med Int Health 9:
846-856.

21. Adjuik M, Babiker A, Garner P, Olliaro P, Taylor W, White N,
International Artemisinin Study Group, 2004. Artesunate



140

22.

23.

24.

25.

26.

27.

28.

29.

combinations for treatement of malaria: meta-analysis. Lancet
363:9-17.

van Vugt M, Leonardi E, Phaipun L, Slight T, Thway KL, McGready
R, Brockman A, Villegas L, Looareesuwan S, White NJ, Nosten
F, 2002. Treatment of uncomplicated multidrug-resistant falci-
parum malaria with artesunate-atovaquone-proguanil. Clin
Infect Dis 35: 1498-1504.

Sutherland CJ,Ord R, Dunyo S,Jawara M, Drakeley CJ, Alexander
N, Pinder M, Walraven G, Taregett GA, 2005. Reduction of
malaria transmission to Anopheles mosquitoes with a six-dose
regimen of co-artemether. PLoS Med 2: e92.

Bhattarai A, Ali AS, Kachur SP, Martensson A, Abbas AK, Khatib
R, Al-Mafazy AW, Ramsan M, Rotllant G, Gerstenmaier JF,
Molteni F, Abdulla S, Montgomery SM, Kaneko A, Bjorkman
A, 2007. Impact of artemisinin-based combination therapy and
insecticide-treated nets on malaria burden in Zanzibar. PLoS
Med 4: e3009.

Alonso PL, Lindsay SW, Armstrong Schellenberg JR, Keita K,
Gomez P, Shenton FC, Hill AG, David PH, Fegan G, Cham
K, Greenwood BM, 1993. A malaria control trial using insecti-
cide-treated bed nets and targeted chemoprophylaxis in a rural
area of The Gambia, west Africa. 6. The impact of the interven-
tions on mortality and morbidity from malaria. Trans R Soc
Trop Med Hyg 87 (Suppl 2): 37-44.

Lengeler C, 2004. Insecticide-treated bed nets and curtains
for preventing malaria. Cochrane Database Syst Rev CD000363.

Barnes KL, Durrheim DN, Little F, Jackson A, Mehta U, Allen E,
Dlamini SS, Tsoka J, Bredenkamp B, Mthembu DJ, White NJ,
Sharp BL, 2005. Effect of artemether-lumefantrine policy and
improved vector control on malaria burden in KwaZulu-Natal,
South Africa. PLoS Med 2: €330.

Yip K, 2000. Malaria eradication: the Taiwan experience.
Parassitologia 42: 117-126.

Sharma VP, Mehrotra KN, 1986. Malaria resurgence in India: a
critical study. Soc Sci Med 22: 835-845.

30

31.

32.

33.

34.

3s.

36.

37.

38.

39.

TEKLEHAIMANOT AND OTHERS

. Kaneko A, Taleob G, Kalkoab M, Yamarb S, Kobayakawaa T,
Bjorkman A, 2000. Malaria eradication on islands. Lancet 356:
1560-1564.

Onori E, Beales PF, Gilles HM, 1993. From malaria eradication to
malaria control: the past, the present, and the future. Gilles HM,
Warell DA, eds. Bruce-Chwatt’s Essential Malariology.
Third edition. New York: John Wiley and Sons, 267-282.

Charlwood JD, Pinto J, Sousa CA, Ferreira C, Petrarca V, Rosario
Vdo E,2003. A mate or a meal—pre-gravid behaviour of female
Anopheles gambiae from the islands of Sdo Tomé and Principe,
West Africa. Malar J 2: 9.

Sousa CA, Pinto J, Almeida AP, Ferreira C, do Rosario VE,
Charlwood JD, 2001. Dogs as a favored host choice of
Anopheles gambiae sensu stricto (Diptera: Culicidae) of Sdo
Tomé West Africa.J Med Entomol 38: 122-125.

Sharp BL, Ridl FC, Govender D, Kuklinski J, Kleinschmidt I,
2007. Malaria vector control by indoor residual insecticide
spraying on the tropical island of Bioko, Equatorial Guinea.
Malar J 6: 52.

Liang KC, 1991. Historical review of malaria control program in
Taiwan. Gaoxiong Yi Xue Ke Xue Za Zhi 7: 271-277.

Breman JG, Alilio MS, Mills A, 2004. Conquering the intolerable
burden of malaria: what’s new, what’s needed: a summary. Am J
Trop Med Hyg 71: 1-15.

Kelly-Hope LA, Yapabandara AM, Wickramasinghe MB, Perera
MD, Karunaratne SH, Fernando WP, Abeyasinghe RR,
Siyambalagoda RR, Herath PR, Galappaththy GN, Hemingway
J,2005. Spatiotemporal distribution of insecticide resistance in
Anopheles culicifacies and Anopheles subpictus in Sri Lanka.
Trans R Soc Trop Med Hyg 99: 751-761.

Kelly-Hope L, Ranson H, Hemingway J, 2008. Lessons from the
past: managing insecticide resistance in malaria control and
eradication programmes. Lancet Infect Dis 8: 387-389.

Fang CT, Chang HL, Hsieh WC, 2001. Malaria eradication on
islands. Lancet 357: 560.



