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Abstract 

Background: In recent years, malaria (Plasmodium vivax and Plasmodium falciparum) has been successfully con‑
trolled in the Ecuador–Peru coastal border region. The aim of this study was to document this control effort and 
to identify the best practices and lessons learned that are applicable to malaria control and to other vector‑borne 
diseases. A proximal outcome evaluation was conducted of the robust elimination programme in El Oro Province, 
Ecuador, and the Tumbes Region, Peru. Data collection efforts included a series of workshops with local public health 
experts who played central roles in the elimination effort, review of epidemiological records from Ministries of Health, 
and a review of national policy documents. Key programmatic and external factors are identified that determined the 
success of this eradication effort.

Case description: From the mid 1980s until the early 2000s, the region experienced a surge in malaria transmission, 
which experts attributed to a combination of ineffective anti‑malarial treatment, social‑ecological factors (e.g., El Niño, 
increasing rice farming, construction of a reservoir), and political factors (e.g., reduction in resources and changes 
in management). In response to the malaria crisis, local public health practitioners from El Oro and Tumbes joined 
together in the mid‑1990s to forge an unofficial binational collaboration for malaria control. Over the next 20 years, 
they effectively eradicated malaria in the region, by strengthening surveillance and treatment strategies, sharing of 
resources, operational research to inform policy, and novel interventions.

Discussion and evaluation: The binational collaboration at the operational level was the fundamental component 
of the successful malaria elimination programme. This unique relationship created a trusting, open environment that 
allowed for flexibility, rapid response, innovation and resilience in times of crisis, and ultimately a sustainable control 
programme. Strong community involvement, an extensive microscopy network and ongoing epidemiologic investi‑
gations at the local level were also identified as crucial programmatic strategies.

Conclusion: The results of this study provide key principles of a successful malaria elimination programme that can 
inform the next generation of public health professionals in the region, and serve as a guide to ongoing and future 
control efforts of other emerging vector borne diseases globally.
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Background
According to the Pan American Health Organization 
(PAHO), 145 million people in 21 countries of the Amer-
icas are at risk of contracting malaria [1]. However, sig-
nificant investments in malaria control programmes have 
resulted in major reductions in transmission. In 2012, 
149,000 cases were confirmed positive, resulting in 108 
deaths, representing a 60% decline in case incidence and 
72% decline in mortality since 2000 in the Americas [1].

The Ecuador–Peru coastal border region is an exam-
ple of successful malaria control; this region is histori-
cally endemic for Plasmodium vivax and Plasmodium 
falciparum. El Oro, the southernmost coastal province of 
Ecuador, has been free of local malaria transmission since 
2011; in 2014, only one imported case was registered 
[2]. At a national-level, the burden of malaria in Ecuador 
declined by 99%, from 106,641 annual cases in 2001 to 
558 cases in 2012. In 2012, the country was recognized as 
one of three “Malaria Champions of the Americas,” and 
progressed from the “control” to the “pre-elimination” 
phase of malaria management, based on World Health 
Organization (WHO) criteria. In Tumbes, the northern-
most coastal province of Peru, the last case of locally 
transmitted malaria was reported in 2012 (MoH Tumbes 
pers. comm. 2014). As of 2012 Peru was in the “control” 
phase of malaria management, with a 64% decrease in 
malaria cases since 2000, placing the country on track to 
achieve the United Nations (UN) Millennium Develop-
ment Goal of a 75% decrease by 2015, which Ecuador has 
achieved [3].

This paper describes the epidemiology, social-ecological 
conditions, strategies and actors who contributed to the 
successful reduction in malaria transmission in the Ecua-
dor–Peru border region. Due to the important role of local 
climate in both seasonal and interannual malaria dynam-
ics, a detailed time series of climate conditions, El Niño 
events, and malaria epidemiology are included. In 2014, 
key personnel from El Oro and Tumbes convened twice to 
generate a timeline of events and to identify the best prac-
tices and lessons learned that apply to malaria control and 
other vector-borne diseases (see Additional file  1: Table 
S1 for names and roles, meeting minutes available upon 
request). The findings presented here reflect the consen-
sus from those meetings, as was done in similar studies [4, 
5]. Findings are supported by a review of epidemiologic 
records provided by the Ecuadorian and Peruvian Min-
istries of Health (MoH), climate information provided by 
the National Institute of Meteorology and Hydrology of 
Ecuador  (INAMHI) and the National Meteorology and 
Hydrology Service of Peru  (SENAMHI), national policy 
documentation, and an exhaustive literature review [6] in 
Google Scholar, PubMed, the WHO Library (WHOLIS), 

the Global Fund Library and PAHO, using the search 
terms “ “Ecuador” or “Peru” or “Latin America” and 
“malaria” or “paludismo” and “elimination” or “prevention” 
or “control” or “treatment” or “diagnosis” or “plasmodium 
falciparum” or “plasmodium vivax.” Published academic 
papers and grey literature in both English and Spanish 
were included in the analysis. This study contributes to 
an ongoing collaboration with the Ecuadorian Ministry 
of Health to strengthen the surveillance of endemic and 
emerging febrile vector-borne diseases in the region.

Case description
Data sources
Monthly cases of malaria from 1990 to 2012 were pro-
vided by the MoH in Ecuador and Peru. Malaria is a 
mandatory notifiable disease in both countries (case 
reporting described below). Incidence was calculated 
using population data from the national censuses in 
Ecuador conducted by the Instituto Nacional de Estadís-
tica y Censos (INEC) (1990, 2001, 2010 [7]) and data 
from Peru provided by the MoH Dirección Regional de 
Salud in Tumbes [8]. Populations in years between cen-
suses were estimated assuming linear growth.

Local daily weather data (rainfall, mean/maximum/
minimum temperature) were provided by the Granja 
Santa Ines weather station located in Machala, El Oro, 
Ecuador (3°17′26″ S, 79°54′5″ W, 10  m.a.s.l.) and the 
Puerto Pizarro station located in Tumbes, Peru (3° 53′ S, 
80° 35′) operated by INAMHI and SENAMHI, respec-
tively. The Oceanic Niño Index (ONI) (ERSST.v4) was 
provided by The National Oceanic and Atmospheric 
Administration (NOAA) Climate Prediction Center of 
NOAA/National Weather Service [9]. Average monthly 
values and monthly anomalies in malaria incidence, total 
monthly rainfall, and air temperature were calculated 
using R [10].

Study site
The El Oro Province of Ecuador (population 
600,659) and the bordering Tumbes Region of Peru 
(population 200,306) are coastal, tropical agricul-
tural provinces (latitude: 3°5′45.20″S–4°11′3.06″S, 
longitude:79°43′10.92″W–80°50′37.96″W). The regions 
are linked by the Pan American highway, resulting in 
significant cross-border migration, especially from 
Peru into Ecuador [11]. Transmission in El Oro Prov-
ince has historically been concentrated in the tropical 
coastal lowlands, in the cantons (counties) of Arenil-
las and Santa Rosa (Fig.  1). The northern coastal bor-
der region of Peru is the second most important region 
for malaria transmission in the country, following the 
Amazon region. Transmission in the Tumbes region 



Page 3 of 15Krisher et al. Malar J  (2016) 15:573 

has historically been concentrated near the border with 
Ecuador in the districts of Aguas Verdes and Zarumilla. 
Malaria transmission is highly seasonal, peaking in May 
at the end of the hot rainy season, when temperatures 

and rainfall are optimal for disease transmission (Figs. 2, 
3, 4). The climate in Tumbes is more arid than El Oro, 
with the capital city of Tumbes receiving half the annual 
rainfall of the city of Machala.   

d

c

b

a

Fig. 1 a Coastal border region between Ecuador and Peru (El Oro Province and Region of Tumbes) (Google Earth, 2013). b, c and d exhibit the 
incidence of malaria by canton (El Oro) or district (Tumbes) in 1990, 2000, and 2010 (base map from Google Earth, 2013). Incidence is shown in El 
Oro for all three periods, and in Tumbes for the year 2010, when data were available
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Malaria in this region is transmitted primarily by the 
Anopheles albimanus and Anopheles pseudopunctipen-
nis mosquitoes (M. Silva, former director of entomology, 
SNEM El Oro, pers. comm.). Anopheles albimanus lar-
vae can survive in slow-moving fresh or brackish water 
[12], such as the mangrove swamps that characterize this 
coastal border region. Natural and man-made environ-
ments (e.g. rice fields) with sun exposure and some clear 
water are suitable for these vectors [13]. Anopheles pseu-
dopunctipennis, like An. albimanus, prefer environments 
that are sunlit and include clear freshwater pools and 

streams. Both species are characterized by evening and 
nighttime biting behaviours [12].

Malaria management
Malaria management in Ecuador was overseen histori-
cally by the National Vector Control Service (SNEM) of 
the MoH [14], which was established by external agen-
cies (e.g., Rockefeller Foundation and others) to combat 
malaria and yellow fever. The programme ran for many 
decades, with a top-down militaristic approach focused 
on the use of DDT and rigorous case management, which 
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Fig. 2 Time series of monthly malaria cases and climate for El Oro and Tumbes: a monthly malaria cases (*no monthly cases available for Tumbes 
before 2001), b Oceanic Niño Index, 3‑month running mean anomalies in sea surface temperature in the Niño 3.4 region, c El Oro mean monthly 
temperature (maximum and minimum) and rainfall (mm), d Tumbes mean monthly temperature (maximum and minimum) and rainfall (mm)
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the group of experts reported to be highly effective. 
In 1991, the MoH officially took over management of 
SNEM in Ecuador, which continued to operate as a verti-
cal semi-autonomous organization. In 2015, SNEM was 
dissolved and vector control activities were decentralized 
and integrated into local MoH epidemiology and surveil-
lance programmes.

Peru similarly transitioned from external management 
and funding of their malaria programme, to manage-
ment and increasing funding by the MoH in the 1990s. 
Today the malaria control programme is decentralized 
and integrated into the MoH. Diagnostics are managed 
principally by the National System of Public Health Lab-
oratories (Sistema de la Red Nacional de Laboratorios) 
under the National Institute of Health (Instituto Nacional 

de Salud). Vector control and surveillance in Peru are 
managed by the entomology unit of the Environmental 
Health division of the MoH.

The malaria crisis
The group of experts reported that prior to the 1980s, 
both Ecuador and Peru were able to successfully reduce 
malaria transmission in the border region. However, 
from the mid 1980s until the early 2000s, the region 
experienced a surge in malaria transmission. In El Oro, 
33,602 cases of P. vivax and 28,509 cases of P. falcipa-
rum were reported from 1990 to 2012. The average inci-
dence was 30.28 cases of P. vivax and 24.89 cases of P. 
falciparum per 10,000 people per year (Fig.  5). During 
the same period (1990–2012) in the Tumbes Region of 

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

0

250

500

750

1000

1 2 3 4 5 6 7 8 9 10 11 12

Month

M
on

th
ly

 to
ta

l r
ai

nf
al

l (
m

m
)

b

0

500

1000

1500

2000

1 2 3 4 5 6 7 8 9 10 11 12

Month

M
on

th
ly

 M
al

ar
ia

 C
as

es

a

18

20

22

24

1 2 3 4 5 6 7 8 9 10 11 12

Month

M
on

th
ly

 m
ea

n 
te

m
pe

ra
tu

re

c

Fig. 3 Seasonality of malaria and climate in El Oro (1990–2012). Box plots shown with a loess smoothing function for a monthly malaria cases, b 
total monthly rainfall, and c mean minimum air temperature
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Peru, 57,783 cases of P. vivax and 27,822 of P. falciparum 
were reported, resulting in an average yearly incidence of 
139.03 and 67.51 per 10,000 people, respectively. Malaria 
incidence in the Tumbes Region peaked at 1858 cases per 
10,000 people in 1998, and in El Oro Province, transmis-
sion peaked at 226.5 cases per 10,000 people in 1999. 
The experts attributed the surge in malaria transmission 
to a combination  of ineffective anti-malarial treatment, 
social-ecological and political factors.

Difficult clinical management and drug resistance were 
identified as among the most important factors leading 
to the high burden of disease. During the 1990s, teams 
in El Oro and Tumbes found evidence of drug resistance 
to chloroquine for P. falciparum. Experts also reported 
that P. vivax was notoriously difficult to treat; patients 
were required to complete a long course of anti-malarial 

medication (14 days of once daily primaquine, 15 mg for 
adults, 7.5  mg. for children). Patients would often stop 
taking the medication after a few days when they started 
feeling better, leading to relapse.

Key social-ecological factors included extreme cli-
mate events triggered by the El Niño Southern Oscil-
lation, building of a reservoir, and expansion of 
agricultural areas. Climate played an important role 
in the timing of malaria epidemics in the region, with 
peaks in malaria transmission following strong El Niño 
events (1982–1983 in Ecuador, 1998 in Tumbes (Fig. 5), 
and 1999 in El Oro) and a decline in malaria following 
strong La Niña events (1998–2001) (Fig.  2). El Niño 
events are associated with warmer air temperatures 
and increased rainfall in the region, optimal conditions 
for the development of the mosquito vector and the 

ba

c

Fig. 4 Seasonality of malaria (2001–2012) and climate in Tumbes (1990–2012). Box plots shown with a loess smoothing function for a monthly 
malaria cases, b total monthly rainfall, and c mean minimum air temperature
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parasite. Experts also hypothesized that the 1998–1999 
malaria epidemic was exacerbated by changes in micro-
climate, related to the construction of a large reservoir 
built near the border in 1999 (Tahuín Reservoir, city of 
Arenillas). After the reservoir was built, they observed 
a shift from seasonal to year-round transmission of 
malaria for the first time in the region; however, no for-
mal studies were conducted to determine the effect of 
the reservoir. Experts also reported that increased rice 
production in Tumbes had increased the risk of malaria 
transmission, by expanding larval habitats for Anoph-
eles mosquitoes.

Key political factors included reductions in resources 
and changes in the management structure of malaria 
control programmes. Successful control of malaria 

prior to the 1980s resulted in a decline in external fund-
ing. National governments took over management of 
the vector control programmes in the 1990s, leading to 
instability in management and resourcing. In 1994 the 
Ecuadorian government tried to eliminate SNEM  in an 
attempt to decentralize MoH activities 15]. However, 
experts reported that the decentralization was ineffec-
tive, due to limited allocation of personnel and other 
resources, and SNEM persisted as a centralized body 
in Ecuador. Resource limitations led both programmes 
to reduce the number of field personnel and to discon-
tinue environmental interventions, such as mosquito 
surveillance and control. Experts reported that the MoH 
began using insecticides at lower concentrations to save 
resources, and IRS interventions were implemented 

a

b

Fig. 5 a Timeline of malaria incidence in El Oro, Ecuador, (cases per 10,000 people per year) and events affecting malaria control in the Ecuador–
Peru border region from 1990 to 2012. Events occurred in Ecuador except where otherwise specified. b Time series of malaria incidence in the 
Tumbes Region, Peru (cases per 10,000 people per year) from 1990 to 2012



Page 8 of 15Krisher et al. Malar J  (2016) 15:573 

only in households with confirmed malaria cases. The 
group reported that the weakening of their programmes 
resulted in a deterioration of their ability to serve the 
communities and the erosion of public trust. The decline 
in institutional capacity coincided with the 1982–1983 
El Niño event, resulting in severe malaria outbreaks 
and resurgence in endemic transmission over the next 
15 years (Fig. 5).

Binational collaboration
In response to the malaria crisis, local leaders from El 
Oro and Tumbes joined together in the mid 1990s to 
forge an unofficial binational collaboration for malaria 
control. This natural partnership emerged to address 
the shared challenges of managing a malaria epidemic 
in a transient border population. Over the next 20 years, 
local public health leaders from both countries worked 
closely to strengthen surveillance and response strate-
gies, through sharing of resources, operational research 
to inform policy, and novel interventions to halt trans-
mission. The close relationships and strong, stable leader-
ship at the local operational level were keys to the success 
of the malaria control programmes.

Co‑learning through operational research
Through this binational collaboration, experts reported 
that public health practitioners in El Oro and Tumbes 
created an environment where they were able to share 
and adapt local malaria control strategies and les-
sons, resulting in changes in national policy. In the 
early 1990s, the Malaria Control Programme team in 
Tumbes recognized that patients with P. falciparum 
were responding poorly to chloroquine, the standard 
treatment at the time. They conducted epidemiological 
studies and found evidence of drug resistance to chlo-
roquine for treatment of P. falciparum. As a result, the 
Tumbes region discontinued the use of chloroquine in 
1993 in favor of sulfadoxine-pyrimethamine, despite 
Peruvian national recommendations to the contrary 
(MoH Tumbes, pers. comm.). It was not until 2001 that 
Peru officially changed its national recommendations to 
discontinue the use of chloroquine due to drug-resist-
ance, evidence originally provided by the local team. 
The team also conducted studies to evaluate the effec-
tiveness of changing the treatment for P. vivax from one 
tablet of primaquine daily for 14 days to 2 tablets daily 
for 7 days. They found that patients were more likely to 
complete the course of medication and to clear the para-
site, effectively cutting transmission. Based on the expe-
rience in Tumbes, the SNEM team in El Oro repeated 
these studies following the 1998–1999 malaria epidemic, 
with direction and technical assistance from The Ama-
zon Network for the Surveillance of Antimalarial Drug 

Resistance (in Spanish, RAVREDA, or Red Amazónica 
de Vigilancia de la Resistencia de las Drogas Antima-
láricas). The binational team sent their report to the 
Ecuadorian national government, and in 2006 the MoH 
officially recognized the findings and adopted the rec-
ommended change to artemisinin-based combina-
tion therapy (ACT) and the new treatment schedule 
for P. vivax [16]. Experts attributed the rapid decline in 
malaria transmission in the region to these changes in 
clinical management. Following these successes, SNEM 
leaders from the region played a key role in the develop-
ment and publication of a practical guide to conducting 
drug efficacy studies together with PAHO, the U.S. Cent-
ers for Disease Control (CDC), and USAID [17]. These 
resistance studies demonstrated that co-learning and 
local operational research projects can have a significant 
impact on national public health policy.

Sharing of resources to build resilience
The group of experts reported that one of the key com-
ponents of the collaboration was the sharing of informa-
tion, medication, insecticides, and personnel to buffer 
an unpredictable supply chain and resource limitations. 
Notably, in 1995 during the Ecuador–Peru Alto Cenepa 
War, leaders from both El Oro and Tumbes maintained 
this local cross-border support network, taking great risks 
to transport materials needed for malaria control. Health 
workers risked their lives and being detained for treason 
in order to continue sharing epidemiologic information, 
vector control resources, and medications across the bor-
der. These activities were conducted in secret from the 
national governments. They shared resources across the 
border because it was the best way to achieve a mutual 
goal: preventing further malaria transmission, both within 
the militarized zone and out to other parts of both coun-
tries. The collaboration also resulted in a greater exchange 
of relevant epidemiological information, including maps 
of Anopheline habitats in rural communities on the bor-
der that were updated and shared regularly. Health per-
sonnel were able to quickly communicate the presence of 
new malaria cases in the border region and to coordinate 
targeted interventions, such as cleanup and vector control 
campaigns in the border canal (demonstrated in photos in 
Fig. 6). At the same time, malaria control leaders in Ecua-
dor worked to create a robust network of more than 140 
public and private diagnostic laboratories, a highly effec-
tive and innovative private–public partnership for surveil-
lance and case management.

Experts reported the benefits and challenges of shar-
ing resources to implement binational interventions due 
to differences in national policies. In 2008 epidemiology 
personnel from Tumbes conducted a study of 67 indi-
viduals infected with malaria in the previous 60 days and 



Page 9 of 15Krisher et al. Malar J  (2016) 15:573 

tested their close relations for malaria infections. The 
results of that study revealed that 28% of the family mem-
bers, 58% of friends living within the same neighbour-
hood, and 39% of co-workers also had malaria within the 
following 60 days. Cases were confirmed in the town of 
Aguas Verdes on the border with Huaquillas, Ecuador. 
The findings of this study highlighted the necessity of 
developing a proactive case finding strategy to interrupt 
the chain of transmission.

Thus in 2009, when 1565 cases of P. vivax broke out in 
a rural border town of Aguas Verdes, in Tumbes (near 
the town of Chacras, Ecuador), leaders from El Oro and 
Tumbes worked together to develop and implement a 
radical malaria control strategy. They planned a focal 
intervention of mass anti-malarial treatment, an inter-
vention shown to be successful in areas of low transmis-
sion, where infections are clustered together in hotspots 
due to a combination of social and environmental factors 

a b 

c d 

e f 
Fig. 6 Photography of SNEM personnel in collaborative work on the border (SNEM archives‑El Oro). a Treating flooded area with diesel. b Char‑
acterization of mosquito breeding site. c–f. Community‑led, SNEM supported cleanup (“minga”) of the International Canal between El Oro and 
Tumbes in 2008. SNEM in Tumbes reported a 40% decline in malaria cases following the extensive cleaning of the canal (MINSA 2008. http://www.
minsa.gob.pe/portada/prensa/nota_completa.asp?nota=6214)

http://www.minsa.gob.pe/portada/prensa/nota_completa.asp%3fnota%3d6214
http://www.minsa.gob.pe/portada/prensa/nota_completa.asp%3fnota%3d6214
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[18–21]. In a small pilot intervention, they administered 
2000 treatments to the villagers near Chacras, quickly 
controlling the outbreak. The national level government 
in Ecuador unofficially supported this intervention, rec-
ognizing the expertise of the local team and the need to 
modify standard procedures in an emergency situation. 
In light of this success, MoH officials in Tumbes pro-
posed a similar intervention for the nearby localities of 
Aguas Verdes and Zarumilla, which accounted for 60% of 
malaria cases in the Tumbes Region in 2008. In a show 
of solidarity, the Ecuadorian SNEM provided 20,000 anti-
malarial treatments to Tumbes. However, the top MoH 
officials in Tumbes halted the intervention, since it devi-
ated from the national policies. Instead, they opted for 
a focal intervention (reactive treatment) via active case 
detection and contact tracing. The strategy consisted 
of full treatment administration to all family members, 
friends and coworkers of confirmed malaria cases, even if 
asymptomatic. Every malaria case that was detected pas-
sively was followed-up within the first 24  h and treated 
with chloroquine (25  mg/kg, total dose over 72  h) plus 
primaquine (0.5 mg/kg taken for 7 days) to each house-
hold contact, excluding elders, pregnant women, and 
chronically-ill individuals. Officials report that residents 
of the communities were very accepting and supportive 
of this intervention, especially given the high burden of 
disease. This intervention was highly successful in stop-
ping transmission, and highlighted the benefits and chal-
lenges of translating national policies from two countries 
into realistic and effective local disease management in a 
border setting.

Tumbes was able to reduce the malaria burden in sub-
sequent years by continuing the active case detection 
strategy. The MoH reported the last case of malaria in 
Aguas-Verdes and Zarumilla in August of 2010. In 2011 
the MoH scaled up this intervention strategy to the entire 
region of Tumbes, reducing the cases from 672 in 2011 
to 83 in 2012, with the last case of malaria reported in 
the region in November 2012. Officials in Tumbes attrib-
ute the continued success of the strategy to the consistent 
exchange of case information and resources across the 
border with their counterparts in Ecuador.

Support from regional malaria control partnerships
Other important regional partnerships supported 
malaria control in the border region including RAVREDA 
and the Malaria Control in Border Zones of the Andean 
Region Programme (PAMAFRO) of the Andean Health 
Organization (ORAS). RAVREDA began in 2001 through 
collaboration with the Amazon Malaria Initiative (AMI) 
of the United States Agency for International Devel-
opment (USAID) and the Roll Back Malaria Partner-
ship of the WHO/PAHO. The network has aimed to 

improve surveillance of anti-malarial drug resistance in 
the Amazonian region, and to address issues of limited 
diagnostics, inadequate anti-malarial treatment capacity 
and non-standardized and disintegrated vector control 
measures in the region [16]. The network’s membership 
today includes Bolivia, Brazil, Colombia, Ecuador, Guy-
ana, Peru, and Suriname. Machala, the capital city of El 
Oro province, was designated one of the RAVREDA 
Ecuador sentinel sites. Both Ecuador and Peru are also 
part of the PAMAFRO programme of ORAS along with 
Colombia and Venezuela. PAMAFRO aimed to achieve a 
50% reduction of malaria incidence and 70% reduction in 
malaria mortality in border regions by 2010 [22]. In 2010, 
Peru was the only country to have reached the target [23] 
although programme evaluation has proven challenging 
due to inadequate documentation [22].

Current malaria control
Through this effective collaboration, the MoH in Ecua-
dor and Peru have successfully suppressed malaria 
transmission, leading to the elimination of malaria in 
El Oro in 2011 and in Tumbes in 2012. Today, in Ecua-
dor, malaria diagnostics and anti-malarial treatment are 
available free of charge for all ages. All febrile individu-
als who attend MoH clinics are tested for malaria; all 
pregnant women are tested at the first prenatal checkup 
and anytime they are febrile. Diagnostics by blood 
smears are conducted through an extensive network of 
MoH microscopists at local clinics and hospitals. Addi-
tionally, community health volunteers have been trained 
to collect blood smears from febrile people in their 
communities. Since 2005, cases of P. falciparum are 
treated using artemisinin-based combination therapy 
(ACT) and P. vivax cases are treated using chloroquine 
or primaquine. Malaria cases are reported by the nine 
regional zones of the national Epidemiological Surveil-
lance Subsystem of the MoH (SIVEAlerta). Active foci 
and case investigations are also carried out; detected 
cases are defined as indigenous, imported (disease 
acquired from outside a given area), introduced (trans-
mission from an imported case), induced (through arti-
ficial means, such as blood transfusion), and cryptic (no 
likely mode of transmission exists) [24]. In 2001 SIVE 
was expanded to a five-part tiered surveillance sys-
tem, with the top “Alert” subsystem dedicated to health 
emergency events, including malaria prevention and 
outbreak response [25]. Vector control includes map-
ping and elimination of larval habitats, and control of 
adult mosquitoes by indoor residual spraying (IRS), as 
well as provision of ITNs to all at-risk populations free 
of charge. The Ecuadorian government contributes the 
majority of financing for malaria control in the country, 
which totals over $2 million per year [14].
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Peru is currently in the control phase of malaria man-
agement, as designated by the WHO. ITNs and treat-
ment, including ACT, are free for all citizens, and mass 
diagnostic screening is conducted. Standard operating 
procedures and policies are in place for malaria surveil-
lance and outbreak investigation and carried out by the 
Malaria Control Programme, similar to the SNEM in 
Ecuador [26, 27]. As in Ecuador, surveillance includes 
both passive and active case detection. Despite these 
efforts, at the national level Peru had difficulty reducing 
the malaria burden to the same extent as Ecuador and 
other nearby countries [28]. In response, the Peruvian 
government has dramatically scaled up malaria control 
expenditures since 2011, from $3.6 million in 2005 to 
$120 million in 2012 [29, 30].

In summary, the following interventions were key strat-
egies in eliminating malaria transmission in the region, 
according to local experts and the WHO World Malaria 
Report 2013:

  • A comprehensive microscopy network with public 
and private clinics in high-risk geographic areas.

  • Improved quality of microscopy diagnostics.
  • Enhanced availability and management policies for 

anti-malarial treatment.
  • Comprehensive and standardized treatment, moni-

toring, and follow-up of 100% of lab confirmed cases.
  • Proactive detection of febrile individuals at the com-

munity level through a network of volunteer commu-
nity health workers.

  • Strategic targeting of interventions to patients at 
increased risk, including pregnant women and chil-
dren under 5 years old.

  • Heightened IRS activities.
  • Provision of ITNs to all at-risk populations.
  • Mandatory case reporting from the private sector.
  • Augmented epidemiologic surveillance system dedi-

cated to malaria (SIVE-Alerta).

Discussion
Through a binational collaboration over the last 20 years, 
public health practitioners have eliminated malaria 
at the Ecuador–Peru border. The success of the pro-
gramme depended on the local practitioner’s ability to 
network, to think creatively, to be adaptable, and to work 
towards a collective goal of improving the health of the 
people. The resulting trust and openness allowed the 
public health sector to mobilize rapidly and effectively. 
The team energized itself when faced with seemingly 
impossible obstacles, such as the 1995 Cenepa military 
conflict, and a severe lack of resources. Comprehensive 
case management, strong and stable leadership, the abil-
ity to partner with private and public entities at the local 

level, thoughtful allocation of resources, and meaningful 
community engagement were keys to the success of the 
programmes. This case study reinforces the importance 
of local, inter-institutional collaborations and horizontal 
networks to generate effective, sustainable change, espe-
cially in conditions of limited or unstable resources and 
personnel.

One of the keys to the success of this collaboration was 
recognition and support from the national level MoH 
and regional networks, which provided external guid-
ance, resources, and legitimacy. Through such multi-level 
partnerships, both countries benefited from the timely 
sharing of resources and epidemiological information, 
and operational research to support novel interventions. 
Other studies in southern Africa and the Asian Pacific 
have shown that cooperation among neighbouring 
nations strengthens individual malaria control initiatives 
[31, 32]. This type of integrated framework is recom-
mended by PAHO and others [33].

The lessons learned from this collaboration are rel-
evant given the resurgence of mosquito-borne illness in 
the region. In 2015, other regions of Ecuador reported 
a resurgence in malaria cases (558 cases were reported 
in the country in 2015, up from 248 cases in all of 2014 
[34]). The region also faces a public health crisis caused 
by Aedes aegypti transmitted febrile illnesses, including 
dengue fever, chikungunya and zika fever. Over the last 
two decades, dengue fever (DENV serotypes 1–4) has 
replaced malaria as the principal cause of vector-borne 
febrile illness in previously malarial coastal regions in 
Ecuador [35]. Over a 5-year period (2010–2014), 72,060 
cases of dengue were reported in Ecuador (annual aver-
age of 14,412 cases). The first cases of autochthonous 
chikungunya cases were reported in Ecuador at the end 
of 2014, resulting in a major epidemic in 2015, with over 
33,000 cases reported. The first cases of zika were con-
firmed in Ecuador on January 7, 2016, and currently 
(06 Oct 2016) 2695 suspected cases of zika have been 
reported [36]. Both chikungunya and zika have been 
reported in the border region. Effective control strategies 
are desperately needed to reduce the burden of disease.

Disease transmission in border regions is notoriously 
difficult to manage, due to the legal and illegal movement 
of people and goods, border conflicts, cultural differ-
ences, and differences in national public health regula-
tions. This case study highlights the critical importance 
of supporting local public health leaders who understand 
the context and the nuances of their local population, and 
who are invested in long-term collaborations. In many 
malaria-eliminating countries, the most difficult to reach 
populations are migrant populations, often men who are 
geographically clustered in border regions. In these coun-
tries, studies have documented a demographic shift from 
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high malaria incidence in women and children to high 
incidence in working men [31]. In Suriname, for exam-
ple, transmission risk has shifted from the stabile village 
populations to the mobile gold mining communities, 
especially those located on the border with French Gui-
ana. Control strategies in Suriname have led to a substan-
tial decline of malaria transmission in the border region; 
however, it is recognized that a binational initiative 
between the countries is needed [37]. Bhutan has seen 
much success in reducing malaria burden, but one of 
its greatest challenges lies in the porous border it shares 
with India, where groups of migrant workers regularly 
enter the country and reintroduce disease. The country’s 
elimination strategy is now focused on the establishment 
of malaria screening centers on the border with existing 
security checkpoints, and targeting treated bed net dis-
tribution to migrant workers as well as at-risk Bhutanese 
working in the border region [38]. Indeed in 2014 the 
majority of malaria cases in Ecuador were among men 
between the ages of 20 and 49 [39].

This case study also highlights the importance of con-
sidering social-ecological factors, such as climate events, 
livelihoods (e.g., agriculture), and construction of large-
scale infrastructure (e.g., reservoirs) to understand 
malaria transmission. Increasing rice production in the 
region may have increased the risk of malaria transmis-
sion. Low-income farming communities, including those 
associated with rice farming, have historically been at 
high-risk of malaria [40, 41]. Experts reported anecdotal 
evidence that the Tahuin Reservoir changed the patterns 
of malaria transmission in the region. Previous studies in 
northern coastal Peru showed that malaria incidence was 
five-times higher in villages with homes built closer to 
water bodies and irrigation sources [42]. The shift from 
seasonal to perennial transmission and to hyper-ende-
micity, has been documented in other areas, such as the 
Senegal River Basin [43], highlighting the importance of 
considering the effects of development projects on local 
disease ecology and microclimate.

It is possible that control efforts in the region were 
so successful following the 1997–1998 El Niño event, 
because the climate conditions were averse to malaria 
propagation. The colder, drier La Niña event from 1998 
to 2001 (Fig. 2) may have suppressed transmission, allow-
ing malaria control efforts to push transmission below a 
critical threshold, thus suppressing further transmission. 
Prior studies found that malaria and dengue fever epi-
demics in this region have been associated with El Niño 
climate events, that caused an increase in local rainfall 
and air temperatures [44–47]. This is an interesting case 
where intensified malaria control combined with favour-
able climate conditions created a scenario for malaria 
elimination. This highlights the importance of scaling 

up interventions during periods of low malaria risk (e.g., 
cool, dry conditions). Future studies should assess the rel-
ative effects of climate and malaria control, to disentan-
gle how much of the suppression is truly due to climate 
versus interventions, and to better inform programme 
evaluations. It should be noted that climate change pro-
jections indicate that strong El Niño events are likely to 
become more frequent in the future, potentially increas-
ing the risk of malaria epidemics in the region [48, 49].

The experiences in the border region present a cau-
tionary note. There is significant potential for the re-
emergence of malaria if surveillance resources are 
reduced, as was observed in the 1980s and early 1990s. 
A systematic review of malaria resurgence events 
worldwide by Cohen and colleagues [50] indicated that 
Ecuador experienced a resurgence event from 1980 to 
1990 due to weakening of control activities, including 
funding and resource restraints, purposeful cessation 
and administrative problems, resulting in a subsequent 
loss in public confidence in SNEM in the early 1980s 
[51–53]. Other studies indicated that malaria resur-
gence in Latin America was strongly associated with the 
weakening IRS operations [53] and anti-malarial drug 
resistance. Today, the Ecuadorian government contrib-
utes the majority of financing for malaria control in the 
country. Since 2007, it has reduced spending on malaria 
control programmes by 75%, from over $8 million in 
2007 to $2 million in 2012 [14]. The Peruvian govern-
ment has dramatically scaled up spending on malaria 
control since 2011, from $3.6 million in 2005 to $120 
million in 2012 [29, 30].

In 2015 the vector control service in Ecuador became 
decentralized and reorganized under a new, horizon-
tal model of vector control, similar to Peru. The aim is 
to better integrate vector control activities within the 
national Health Services framework, but there is the risk 
that with these large structural changes may come an ini-
tial loss of operational capacity [54]. While it should not 
be assumed that any of these structural changes will lead 
to a resurgence of malaria, it is important to consider 
that resurgence events have occurred here and elsewhere 
when a weakening of control activities coincided with 
social-ecological and political factors (e.g., El Niño event, 
human migration, reduction in global oil prices leading 
to decreased national revenue and MoH budget in Ecua-
dor). Given this transition, it would be beneficial for the 
MoH in both countries to conduct ongoing evaluations 
of control programmes, as was done recently in Guayas, 
Ecuador [55], to ensure ready response to outbreaks and 
optimal allocation of resources [20].

In this study, the perspectives of a small group of local 
public health leaders are presented. The majority of the 
activities and events described were triangulated using 
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other documented evidence. This group was recom-
mended by their peers as being the most knowledgeable 
to recount the true facts that took place on the ground 
during malaria control efforts, and they held a range of 
positions within the MoH, including decision-makers 
and field personnel. Future reporting on this topic could 
benefit from the viewpoint of the national MoH and 
other government stakeholders, both current and those 
who were in office during the elimination period, in order 
to obtain a clear understanding of the national context. In 
addition, it would be important to include other key local 
stakeholders, such as community leaders and the private 
sector.

Conclusions
Through the results of this study and the experience of 
experts working in the region, the following key recom-
mendations and lessons learned have been identified:

  • Consider radical, non-traditional interventions when 
necessary.

  • Explore alternative techniques using small, localized 
pilot projects. The evidence generated can impact 
national policy.

  • National policies and standards need to be translated 
to local realities.

  • An active case-finding surveillance system coupled 
with a strict treatment plan can be translated to 
almost any environment.

  • A small team of dedicated, long-term public health 
practitioners can be nimble and effective when 
empowered by regional and national networks.

  • It is important to share experiences with the next 
generation of public health practitioners so that they 
too can learn from these lessons and not repeat the 
mistakes of the past.

Abbreviations
ACT: artemisinin‑based combination therapy; AMI: Amazon Malaria Initiative; 
CDC: U.S. Centers for Disease Control; INAMHI: National Institute of Meteorol‑
ogy and Hydrology (Ecuador); INEC: National Institute of Census and Statistics 
(Ecuador); IRS: indoor residual spraying; ITN: insecticide treated bed net; MoH: 
Ministry of Health; NOAA: National Oceanic and Atmospheric Administra‑
tion; ONI: Oceanic Niño Index; ORAS: Andean Health Organization; PAHO: Pan 
American Health Organization; PAMAFRO: Malaria Control in Border Zones 
of The Andean Region; RAVREDA: Amazon Network for the Surveillance of 
Antimalarial Drug Resistance; SENAMHI: National Institutes of Meteorology 
and Hydrology (Peru); SIVE: Epidemiological Surveillance Subsystem (Ecua‑
dor); SNEM: National Vector Control Service; USAID: United States Agency for 
International Development.

Additional file

Additional file 1: Table S1. Table of key informant experts in the study 
and their position during the elimination period.

Authors’ contributions
LKK had overall responsibility for the study, which included the study concep‑
tion with AMSI, JK, RR and MP, data collection from the MoH, collaborating 
with co‑authors on the study protocol, analyzing the data and drafting the 
manuscript. LKK and AMSI implemented and TO, MS, MA, PN, AA, and EBA 
participated in the group interview component of the study. AMSI provided 
first edits and facilitated the overall direction of the paper. JK led the concep‑
tion and design of figures. All co‑authors assisted with interpretation of the 
data, providing feedback for this manuscript. All authors read and approved 
the final manuscript.

Author details
1 Center for Health, Work & Environment, Colorado School of Public Health, 
University of Colorado Denver, Aurora, CO, USA. 2 Center for Global Health 
and Translational Science, State University of New York Upstate Medical 
University, 505 Irving Ave., Syracuse, NY 13210, USA. 3 Ministerio de Salud 
Pública, Machala, El Oro, Ecuador. 4 Facultad de Medicina, Universidad Técnica 
de Machala, Machala, El Oro, Ecuador. 5 Dirección Regional de Salud Tumbes, 
Ministerio de Salud de Peru, Tumbes, Peru. 6 Department of Environmental 
and Occupational Health, Colorado School of Public Health, University of Colo‑
rado Denver, Aurora, CO, USA. 7 Red Cross/Red Crescent Climate Centre, Lima, 
Peru. 

Acknowledgements
This study was possible thanks to the support from the Ministries of Health in 
Machala and Tumbes in sharing their available historical data, reports, photo‑
graphs and time to help tell this story. Special thanks to Jefferson Adrián for 
assistance in locating and clarifying epidemiological data in the SNEM archives 
in El Oro, and to Cynthia Cueva for translating the manuscript into Spanish. 
This work was supported in part by the Department of Defense Global Emerg‑
ing Infection Surveillance (GEIS) Grants (P0220_13_OT and P0220‑13‑OT).

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The datasets in the current study are available from the corresponding author 
on reasonable request.

Funding
This study was supported in part by the Department of Defense Global 
Emerging Infection Surveillance (GEIS) Grants (P0220_13_OT and 
P0220‑13‑OT).

Received: 6 September 2016   Accepted: 21 November 2016

References
 1. Pan American Health Organization (PAHO) and World Health Organiza‑

tion (WHO). Malaria in the Americas. Key facts from the World Malaria 
Report. 2014. http://www.paho.org/hq/index.php?option=com_
docman&task=doc_view&gid=23815&Itemid=270&lang=en. Accessed 
16 Nov 2016.

 2. Adrian J. Informe de actividades para el control del Aedes aegypti con 
aplicación de larvicidas—año 2014. El Oro: SNEM, Ministerio de Salud 
Publica; 2015.

 3. WHO: World Malaria Report 2013. Geneva: World Health Organization; 
2013.

 4. Barat LM. Four malaria success stories: how malaria burden was success‑
fully reduced in Brazil, Eritrea, India, and Vietnam. Am J Trop Med Hyg. 
2006;74:12–6.

 5. Quispe AM, Llanos‑Cuentas A, Rodriguez H, Clendenes M, Cabezas C, 
Leon LM, et al. Accelerating to zero: strategies to eliminate malaria in the 
Peruvian Amazon. Am J Trop Med Hyg. 2016;94:1200–7.

 6. Abeyasinghe RR, Galappaththy GNL, Smith Gueye C, Kahn JG, 
Feachem RGA. Malaria control and elimination in Sri Lanka: docu‑
menting progress and success factors in a conflict setting. PLoS ONE. 
2012;7:e43162.

http://dx.doi.org/10.1186/s12936-016-1630-x
http://www.paho.org/hq/index.php%3foption%3dcom_docman%26task%3ddoc_view%26gid%3d23815%26Itemid%3d270%26lang%3den
http://www.paho.org/hq/index.php%3foption%3dcom_docman%26task%3ddoc_view%26gid%3d23815%26Itemid%3d270%26lang%3den


Page 14 of 15Krisher et al. Malar J  (2016) 15:573 

 7. Instituto Nacional de Estadistica y Censos (INEC) Ecuador. Población y 
Demografía. 2010. http://www.ecuadorencifras.gob.ec/. Accessed 16 Nov 
2016.

 8. Instituto Nacional de Estadistica e Informatica (INEI) Peru. Población y 
vivienda. 2007. http://www.inei.gob.pe/estadisticas/indice‑tematico/
poblacion‑y‑vivienda/. Accessed 16 Nov 2016.

 9. National weather service climate prediction center, national oceanic and 
atmospheric administration (NOAA). Cold and warm episodes by season. 
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/
ensoyears.shtml. Accessed 16 Nov 2016.

 10. R Core Team. R: A language and environment for statistical computing. 
Vienna, Austria: R Foundation for Statistical Computing; 2013. http://
www.R‑project.org/. Accessed 24 Nov 2016.

 11. Instituto Nacional de Estadistica y Censos (INEC) Ecuador. Anuario de 
entradas y salidas internacionales. 2014. http://www.ecuadorencifras.gob.
ec/documentos/web‑inec/Poblacion_y_Demografia/Migracion/Publica‑
ciones/Anuario_ESI_2014.pdf. Accessed 16 Nov 2016.

 12. Sinka ME, Rubio‑Palis Y, Manguin S, Patil AP, Temperley WH, Gething PW, 
et al. The dominant Anopheles vectors of human malaria in the Americas: 
occurrence data, distribution maps and bionomic précis. Parasit Vectors. 
2010;3:72.

 13. Savage HM, Rejmankova E, Arredondo‑Jimenez JI, Roberts DR, Rodriguez 
MH. Limnological and botanical characterization of larval habitats 
for two primary malarial vectors, Anopheles albimanus and Anopheles 
pseudopunctipennis, in coastal areas of Chiapas State, Mexico. J Am Mosq 
Control Assoc. 1990;6:612–20.

 14. WHO: World Malaria Report 2013. Country Profiles, Ecuador. http://www.
who.int/malaria/publications/world_malaria_report_2013/wmr2013_
country_profiles.pdf. Accessed 16 Nov 2016.

 15. Organismo Andino de Salud (ORAS). Convenio Hipólito Unanue: El 
impacto de las reformas en salud Colombia, Ecuador, Peru y Venezuela, 
en la situación de malaria. Fundación para la Investigación y Desarrollo 
de la Salud y la Seguridad Social. http://fedesalud.org/documentos/estu‑
dios_10_reformamalariaandinos.pdf. Accessed 16 Nov 2016.

 16. Gething PW, Patil AP, Smith DL, Guerra CA, Elyazar IR, Johnston GL, et al. 
A new world malaria map: Plasmodium falciparum endemicity in 2010. 
Malar J. 2011;10:378.

 17. Sturrock HJ, Hsiang MS, Cohen JM, Smith DL, Greenhouse B, Bousema 
T, et al. Targeting asymptomatic malaria infections: active surveillance in 
control and elimination. PLoS Med. 2013;10:e1001467.

 18. WHO Global Malaria Programme. Disease surveillance for malaria elimina‑
tion an operational manual. Geneva: World Health Organization; 2012.

 19. Bousema JT, Schneider P, Gouagna LC, Drakeley CJ, Tostmann A, Houben 
R, et al. Moderate effect of artemisinin‑based combination therapy on 
transmission of Plasmodium falciparum. J Infect Dis. 2006;193:1151–9.

 20. Najera J, Zimmerman R, Schmunis G. External evaluation of the amazon 
malaria initiative (AMI) and the Amazon network for the surveillance of 
resistance to antimalarial drugs (RAVREDA) PAHO; 2012. http://www.
paho.org/hq/index.php?option=com_docman&task=doc_download&gi
d=18264&Itemid. Accessed 16 Nov 2016.

 21. Pan American Health Organization (PAHO). Guía práctica revisada para 
estudios de eficacia de los medicamentos antimaláricos en las Américas. 
Ciudad de Panamá, Panamá, 11–16 julio 2010. 2010. http://www2.paho.
org/hq/dmdocuments/2011/modificada‑PAN‑JUL‑2010‑integrada‑2011.
pdf. Accessed 16 Nov 2016.

 22. Herrera S, Quiñones ML, Quintero JP, Corredor V, Fuller DO, Mateus JC, 
et al. Prospects for malaria elimination in non‑Amazonian regions of Latin 
America. Acta Trop. 2012;121:315–23.

 23. PAMAFRO. Reporte de Resultados Fase II. 2009. http://www.orasconhu.
org/sites/default/files/ReporteResultadosNo9‑FEB2009PAMAFRO.pdf. 
Accessed 16 Nov 2016.

 24. Castro Saavedra E. Vigilancia Epidemiologica en Situaciones de Baja 
Transmision y Descentralizacion. XIII Reunión Anual de Evaluación de 
AMI/RAVREDA. Managua, Nicaragua; 2014. http://www.paho.org/hq/
index.php?option=com_docman&task=doc_view&gid=24862&Ite
mid=270. Accessed 16 Nov 2016.

 25. Ministerio de Salud (MSP) del Ecuador. Normas del Sistema Integrado de 
vigilancia epidemiologica del Ecuador (SIVE) Subsecretaria Nacional de 
Vigilancia de la Salud Publica. Direccion Nacional de Vigilancia Epidemio‑
logica. 2012. https://aplicaciones.msp.gob.ec/salud/archivosdigitales/

documentosDirecciones/dnn/archivos/NORMA%20sive%208‑04‑2013.
pdf. Accessed 16 Nov 2016.

 26. Ministerio de Salud, Peru. Manual de Investigacion y Control de 
Brotes Epidemicos para el Nivel Local. Oficina General de Epidemio‑
logia; 2003. http://www.hejcu.gob.pe/Portal/Archivos/Epidemiolo‑
gia/20160425095127.pdf. Accessed 24 Nov 2016.

 27. Ministerio de Salud, Peru. Norma Tecnica de Salud para la Atencion 
de la Malaria y Malaria Grave en el Peru. 2010. http://www.ins.gob.pe/
insvirtual/images/otrpubs/pdf/FINAL%20MALARIA%2028.12.10[1].pdf. 
Accessed 24 Nov 2016.

 28. Failoc‑Rojas VE, Molina‑Ayasta C. Malaria in South America: the target is 
close. Am J Trop Med Hyg. 2016;95:735.

 29. WHO: World Malaria Report 2008. Geneva: World Health Organization; 
2008.

 30. WHO: World Malaria Report 2013. Country Profiles, Peru. http://www.who.
int/malaria/publications/world_malaria_report_2013/wmr2013_coun‑
try_profiles.pdf. Accessed 16 Nov 2016.

 31. Cotter C, Sturrock HJ, Hsiang MS, Liu J, Phillips AA, Hwang J, et al. The 
changing epidemiology of malaria elimination: new strategies for new 
challenges. Lancet. 2013;382:900–11.

 32. Feachem RG, Phillips AA, Targett GAT. Shrinking the malaria map: a 
prospectus on malaria elimination. San Francisco: Global Health Group, 
UCSF Global Health Sciences; 2009. https://core.ac.uk/download/
pdf/11307280.pdf. Accessed 16 Nov 2016.

 33. Beier JC, Keating J, Githure JI, Macdonald MB, Impoinvil DE, Novak 
RJ. Integrated vector management for malaria control. Malar J. 
2008;7:S4.

 34. Ministerio de Salud Publica (MSP) del Ecuador. Gaceta Epidemiológica 
Ecuador SIVE‑ALERTA. http://www.salud.gob.ec/gaceta‑epidemiologica‑
ecuador‑sive‑alerta/. Accessed 16 Nov 2016.

 35. Cifuentes SG, Trostle J, Trueba G, Milbrath M, Baldeón ME, Coloma J, et al. 
Transition in the cause of fever from malaria to dengue, northwestern 
Ecuador, 1990–2011. Emerg Infect Dis. 2013;19:1642.

 36. Pan American Health Organization (PAHO) and World Health Organiza‑
tion (WHO). Zika cases and congenital syndrome associated with Zika 
virus reported by countries and territories in the Americas, 2015–2016. 
Cumulative cases. http://www.paho.org/hq/index.php?option=com_
docman&task=doc_view&Itemid=270&gid=36813&lang=en. Accessed 
16 Nov 2016.

 37. Hiwat H, Hardjopawiro LS, Takken W, Villegas L. Novel strategies lead 
to pre‑elimination of malaria in previously high‑risk areas in Suriname, 
South America. Malar J. 2012;11:10.

 38. Yangzom T, Gueye CS, Namgay R, Galappaththy GN, Thimasarn K, Gosling 
R, et al. Malaria control in Bhutan: case study of a country embarking on 
elimination. Malar J. 2012;11:9.

 39. Ministerio de Salud Publica (MSP) del Ecuador. Gaceta Epidemiológica 
Semanal No. 33, 2014. Subsecretaria de Vigilancia de la Salud Pública, 
Direccion Nacional de Vigilancia Epidemiologica, MSP.: http://www.salud.
gob.ec/wp‑content/uploads/downloads/2014/09/gaceta‑33_final.pdf. 
Accessed 16 Nov 2016.

 40. Arevalo‑Herrera M, Quiñones ML, Guerra C, Céspedes N, Giron S, 
Ahumada M, et al. Malaria in selected non‑Amazonian countries of Latin 
America. Acta Trop. 2012;121:303–14.

 41. Ministerio del Ambiente, Peru. El Clima en el Perú. 2014. http://www.met.
igp.gob.pe/clima/. Accessed 16 Nov 2016.

 42. Guthmann JP, Llanos‑Cuentas A, Palacios A, Hall AJ. Environmental factors 
as determinants of malaria risk. A descriptive study on the northern coast 
of Peru. Trop Med Int Health. 2002;7:518–25.

 43. Diop M, Jobin WR, Adrien NG, Arfaa F, Aubel J, Beroli‑Minor S, Klumpp R, 
Rozendaal J. Senegal river basin health master plan study. WASH Field 
Report No. 453. U.S. Agency for International Development. http://pdf.
usaid.gov/pdf_docs/PNABW752.pdf. Accessed 24 Nov 2016.

 44. Gagnon AS, Smoyer‑Tomic KE, Bush AB. The El Niño southern oscillation 
and malaria epidemics in South America. Int J Biometeorol. 2002;46:81–9.

 45. Githeko AK, Lindsay SW, Confalonieri UE, Patz JA. Climate change 
and vector‑borne diseases: a regional analysis. Bull World Health Org. 
2000;78:1136–47.

 46. Rossel F, Le Goulven P, Cadier E. Aerial distribution of the influence of 
ENSO on the annual rainfall in Ecuador. J Water Sci. 1999;12:183–200.

http://www.ecuadorencifras.gob.ec/
http://www.inei.gob.pe/estadisticas/indice-tematico/poblacion-y-vivienda/
http://www.inei.gob.pe/estadisticas/indice-tematico/poblacion-y-vivienda/
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml
http://www.R-project.org/.
http://www.R-project.org/.
http://www.ecuadorencifras.gob.ec/documentos/web-inec/Poblacion_y_Demografia/Migracion/Publicaciones/Anuario_ESI_2014.pdf
http://www.ecuadorencifras.gob.ec/documentos/web-inec/Poblacion_y_Demografia/Migracion/Publicaciones/Anuario_ESI_2014.pdf
http://www.ecuadorencifras.gob.ec/documentos/web-inec/Poblacion_y_Demografia/Migracion/Publicaciones/Anuario_ESI_2014.pdf
http://www.who.int/malaria/publications/world_malaria_report_2013/wmr2013_country_profiles.pdf
http://www.who.int/malaria/publications/world_malaria_report_2013/wmr2013_country_profiles.pdf
http://www.who.int/malaria/publications/world_malaria_report_2013/wmr2013_country_profiles.pdf
http://fedesalud.org/documentos/estudios_10_reformamalariaandinos.pdf
http://fedesalud.org/documentos/estudios_10_reformamalariaandinos.pdf
http://www.paho.org/hq/index.php%3foption%3dcom_docman%26task%3ddoc_download%26gid%3d18264%26Itemid
http://www.paho.org/hq/index.php%3foption%3dcom_docman%26task%3ddoc_download%26gid%3d18264%26Itemid
http://www.paho.org/hq/index.php%3foption%3dcom_docman%26task%3ddoc_download%26gid%3d18264%26Itemid
http://www2.paho.org/hq/dmdocuments/2011/modificada-PAN-JUL-2010-integrada-2011.pdf
http://www2.paho.org/hq/dmdocuments/2011/modificada-PAN-JUL-2010-integrada-2011.pdf
http://www2.paho.org/hq/dmdocuments/2011/modificada-PAN-JUL-2010-integrada-2011.pdf
http://www.orasconhu.org/sites/default/files/ReporteResultadosNo9-FEB2009PAMAFRO.pdf
http://www.orasconhu.org/sites/default/files/ReporteResultadosNo9-FEB2009PAMAFRO.pdf
http://www.paho.org/hq/index.php%3foption%3dcom_docman%26task%3ddoc_view%26gid%3d24862%26Itemid%3d270
http://www.paho.org/hq/index.php%3foption%3dcom_docman%26task%3ddoc_view%26gid%3d24862%26Itemid%3d270
http://www.paho.org/hq/index.php%3foption%3dcom_docman%26task%3ddoc_view%26gid%3d24862%26Itemid%3d270
https://aplicaciones.msp.gob.ec/salud/archivosdigitales/documentosDirecciones/dnn/archivos/NORMA%20sive%208-04-2013.pdf
https://aplicaciones.msp.gob.ec/salud/archivosdigitales/documentosDirecciones/dnn/archivos/NORMA%20sive%208-04-2013.pdf
https://aplicaciones.msp.gob.ec/salud/archivosdigitales/documentosDirecciones/dnn/archivos/NORMA%20sive%208-04-2013.pdf
http://www.hejcu.gob.pe/Portal/Archivos/Epidemiologia/20160425095127.pdf
http://www.hejcu.gob.pe/Portal/Archivos/Epidemiologia/20160425095127.pdf
http://www.ins.gob.pe/insvirtual/images/otrpubs/pdf/FINAL%20MALARIA%2028.12.10%5B1%5D.pdf
http://www.ins.gob.pe/insvirtual/images/otrpubs/pdf/FINAL%20MALARIA%2028.12.10%5B1%5D.pdf
http://www.who.int/malaria/publications/world_malaria_report_2013/wmr2013_country_profiles.pdf
http://www.who.int/malaria/publications/world_malaria_report_2013/wmr2013_country_profiles.pdf
http://www.who.int/malaria/publications/world_malaria_report_2013/wmr2013_country_profiles.pdf
https://core.ac.uk/download/pdf/11307280.pdf
https://core.ac.uk/download/pdf/11307280.pdf
http://www.salud.gob.ec/gaceta-epidemiologica-ecuador-sive-alerta/
http://www.salud.gob.ec/gaceta-epidemiologica-ecuador-sive-alerta/
http://www.paho.org/hq/index.php%3foption%3dcom_docman%26task%3ddoc_view%26Itemid%3d270%26gid%3d36813%26lang%3den
http://www.paho.org/hq/index.php%3foption%3dcom_docman%26task%3ddoc_view%26Itemid%3d270%26gid%3d36813%26lang%3den
http://www.salud.gob.ec/wp-content/uploads/downloads/2014/09/gaceta-33_final.pdf
http://www.salud.gob.ec/wp-content/uploads/downloads/2014/09/gaceta-33_final.pdf
http://www.met.igp.gob.pe/clima/
http://www.met.igp.gob.pe/clima/
http://pdf.usaid.gov/pdf_docs/PNABW752.pdf.
http://pdf.usaid.gov/pdf_docs/PNABW752.pdf.


Page 15 of 15Krisher et al. Malar J  (2016) 15:573 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

 47. Stewart Ibarra AM, Lowe R. Climate and non‑climate drivers of 
dengue epidemics in southern coastal Ecuador. Am J Trop Med Hyg. 
2013;88:971–81.

 48. Cai W, Borlace S, Lengaigne M, Van Rensch P, Collins M, Vecchi G, et al. 
Increasing frequency of extreme El Niño events due to greenhouse 
warming. Nat Clim Change. 2014;4:111–4.

 49. Collins M, An S‑I, Cai W, Ganachaud A, Guilyardi E, Jin F‑F, et al. The impact 
of global warming on the tropical Pacific Ocean and El Niño. Nat Geosci. 
2010;3:391–7.

 50. Cohen JM, Smith DL, Cotter C, Ward A, Yamey G, Sabot OJ, et al. Malaria 
resurgence: a systematic review and assessment of its causes. Malar J. 
2012;11:122.

 51. Pan American Health Organization (PAHO) and World Health Organiza‑
tion (WHO). Status of malaria programs in the Americas: XXXI report. 
PAHO/WHO; 1983.

 52. Pan American Health Organization (PAHO) and World Health Organiza‑
tion (WHO). Status of malaria programs in the Americas: XXXIII report. 
PAHO/WHO; 1985.

 53. Roberts DR, Laughlin LL, Hsheih P, Legters LJ. DDT, global strategies, and a 
malaria control crisis in South America. Emerg Infect Dis. 1997;3:295–302.

 54. Ministerio de Salud (MSP) del Ecuador. Control de enfermedades trans‑
mitidas por vectores en un nuevo modelo de gestión del estado. http://
www.paho.org/hq/index.php?option=com_docman&task=doc_downlo
ad&gid=17354&Itemid=270. Accessed 16 Nov 2016.

 55. Naranjo DP, Qualls WA, Jurado H, Perez JC, Xue R‑D, Gomez E, et al. Vector 
control programs in Saint Johns County, Florida and Guayas, Ecuador: 
successes and barriers to integrated vector management. BMC Public 
Health. 2014;14:674.

http://www.paho.org/hq/index.php%3foption%3dcom_docman%26task%3ddoc_download%26gid%3d17354%26Itemid%3d270
http://www.paho.org/hq/index.php%3foption%3dcom_docman%26task%3ddoc_download%26gid%3d17354%26Itemid%3d270
http://www.paho.org/hq/index.php%3foption%3dcom_docman%26task%3ddoc_download%26gid%3d17354%26Itemid%3d270

	Successful malaria elimination in the Ecuador–Peru border region: epidemiology and lessons learned
	Abstract 
	Background: 
	Case description: 
	Discussion and evaluation: 
	Conclusion: 

	Background
	Case description
	Data sources
	Study site
	Malaria management
	The malaria crisis
	Binational collaboration
	Co-learning through operational research
	Sharing of resources to build resilience
	Support from regional malaria control partnerships
	Current malaria control

	Discussion
	Conclusions
	Authors’ contributions
	References




