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Abstract 
On 12 January 2024, Cabo Verde was officially certified by the WHO as a malaria-free 

country after six consecutive years without local transmission. This study analysed the 

malaria history of Cabo Verde from 1953 to certification in 2024, highlighted the valuable 

lessons learned, and discussed challenges for prevention reintroduction. Malaria data 

from the last 35 years (1988–2022) were analysed using descriptive analyses, and cases 

were mapped using the USGS National Map Viewer. From 1988 to 2022, 3,089 malaria 

cases were reported, 2.381 (77.1%) locally and 708 (22.9%) imported. Imported cases 

were reported nationwide except on Brava Island. Six municipalities did not report any 

cases, while local cases were restricted to Santiago and Boavista, with 2.360 and 21 

cases, respectively. Malaria history in the country revealed six remarkable steps and three 

periods of interruption in the transmission of local malaria cases. The last local cases were 

reported in Boavista in 2015 and Santiago in 2017. Since 2018, introduced cases have 

been recorded from time to time. Disease lethality was low, with ten malaria deaths from 

2010 to 2023, and the highest value of 8.3% (3/36) recorded in 2011. With this certification, 

Cabo Verde became a reference in Africa for its health sector organisation, multisectoral, 

and partnership in malaria control. However, maintaining the certification presents several 

sustainability challenges for the country. Additionally, robust epidemiological and entomo-

logical surveillance, continued investigations, and ongoing research are crucial.

Introduction
In 2016, the World Health Organization (WHO), through the Initiative E-2020, identified 21 
countries in the five regions that could defeat malaria by 2020, considering the likelihood of 
elimination across critical criteria. All were united by one goal: to achieve zero Indigenous 
cases within the 2020 deadline [1].

According to the World Malaria Report 2023, there are approximately 249 million malaria 
cases and an estimated 608,000 malaria deaths, compared to 244 million cases and 610,000 
deaths in 2021. Africa continues to carry a disproportionately high share of the global malaria 
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burden, with approximately 94% of all malaria cases and 95% of deaths, and children under 
five years of age, with approximately 78% of all malaria deaths. Four African countries were 
responsible for more than half of all malaria deaths worldwide, namely Nigeria (26.8%), the 
Democratic Republic of the Congo (12.3%), Uganda (5.1%) and Mozambique (4.2%) [2].

Despite the high numbers in Africa, there have been significant gains in reducing and 
eliminating cases in certain countries. According to the WHO, around a hundred countries 
and territories worldwide have achieved at least three consecutive years without indigenous 
malaria cases and have been certified as a “malaria-free country” [3]. Kyrgyzstan received 
elimination certification in 2016 [4], and Paraguay and Uzbekistan were certified in 2018 
[5,6]. In 2019, two other countries obtained certification, notably Algeria in North Africa and 
Argentina on the American continent [7]. In 2021, WHO certified China as malaria-free, and 
El Salvador became the first country in Central America to achieve this goal [8]. In 2023, three 
other countries were certified: Azerbaijan, Tajikistan, and Belize [3].

Cabo Verde, a member of Initiative E-2020, has been recording malaria cases since the 
16th century, during the colonisation of the islands by migrants from Africa (including North 
Africa), Spain, Italy, and Portugal [9]. The disease was endemic and attenuated by certain 
epidemics, particularly in high rainfall or a considerable influx of migrants from endemic 
regions, notably São Tomé and Principe, Angola, and Guinea-Bissau [10]. The last indigenous 
case in the country was diagnosed in January 2018. After three years of accomplishing this 
great goal, in 2022, the government requested certification as a malaria-free country by the 
WHO. Cabo Verde was declared malaria-free on 12 January 2024 and became the first  
malaria-free country in sub-Saharan Africa.

This historic gain in Africa, a continent endemic to malaria, means that Cabo Verde is the 
fourth country certified after Mauritius, Morocco, and Algeria, certified in 1973, 2010, and 
2019, respectively [3]. The country will now face enormous challenges in maintaining zero 
local cases, perpetuating gains and sustainability, and maintaining a robust and functional 
surveillance system.

This study provides an overview of the central historical moments of malaria in Cabo 
Verde, from control to certification. It presents data from the last 35 years of malaria in 
the country (1988–2022), the distribution of these cases by islands and municipalities, the 
instituted control measures, lessons learnt, and some challenges for the future prevention of 
malaria re-introduction in Cabo Verde.

Methodology

Description of the country
Cabo Verde is a volcanic archipelago located approximately 450 km from the West African 
coast, west of Dakar, Senegal. It occupies an area of 4033 km² and comprises ten islands, nine 
inhabited, and several islets (Fig 1). Depending on their position relative to the prevailing 
northeast wind, the islands are divided into two groups: Barlavento to the north and Sotavento 
to the south, depending on where the wind blows and where the wind flows.

The islands are relatively dispersed, and the terrain is very rugged, with only approximately 
10% of their land suitable for agriculture. The country has 22 municipalities and 24 cities, each 
with a set of health infrastructures that provide various services at different levels of health-
care. According to the latest population census in 2021 and the 2010–2040 projection of the 
National Institute of Statistics [11], the archipelago had 509,078 residents in 2023. Among 
these, 67.9% of households and 64 3% of the population live in urban areas. Santiago Island 
is the largest in the country and is home to more than half of the population (56.7%), fol-
lowed by Praia (27.5%) and São Vicente (14.7%). Regarding the age structure, the country is 
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considered young, with 29% of residents aged 0–14, 19.2% aged 15–24, and 46.3% aged 25–64. 
People 65 or over comprise 5.5% of the population [11].

Surrounded by the sea, Cabo Verde is an archipelagic country characterised by a temperate 
climate and stable temperatures with extreme aridity. Average annual temperatures are gen-
erally moderate, around 25 °C, due to maritime influence, with the highest monthly average 
temperatures in September (warmest season, 26.7 °C) and lowest during the cold season 
(January/February, 18.4 °C) [12]. The average annual relative humidity of the air varies from 
75% in arid lowlands to more than 80% in the highest-lying areas. Depending on the terrain, 
climate, and vegetation type, the following bioclimatic zones are considered: i) Arid coastal 
zone, with altitudes of 0 to 200 m, annual rainfall less than 300 mm, where the vegetation is 
generally steppe-type herbaceous; ii) semi-arid zone, at 200–400 m altitude, with an annual 
rainfall of 300–400 mm and natural vegetation, although more diverse, differs little from 
that of the arid coastal zone; iii) Subhumid zone, at 400–600 m altitude, with precipitation of 
400–600 m; this area is instead occupied by agriculture and there are several shrubs and tree 
species there; and iv) wetland, above 700 m, with an average rainfall above 600 mm, particu-
larly on north-facing slopes.

Fig 1.  Localisation of Cabo Verde Islands. The map was created using the USGS National Map Viewer (https://www.usgs.gov/tools/national-map-viewer).

https://doi.org/10.1371/journal.pgph.0004153.g001
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Literature review
An analysis of published documents on malaria in Cabo Verde was carried out using various 
sources, namely Google Scholar, PubMed, and WHO. In addition, available but unpublished 
documents were used in this process, namely documents and guidelines from the Ministry 
of Health (MS in Portuguese) and the National Malaria Control Program (NMCP) in Por-
tuguese, French, or English. This literature review also used epidemiological, programmatic, 
demographic, and social data. Due to the limited data sources, no formal exclusion criteria 
were instituted.

Malaria data collection and analyses, 1988–2022
According to national guidelines, all malaria cases diagnosed in health facilities (hospitals, health 
centres, health posts, or private services) are immediately communicated to the Health Delega-
tion. In turn, the Health Delegation immediately reports cases to the central level. The NMCP 
and the Integrated Surveillance and Epidemic Response (SVIRE, in Portuguese) then compile 
the data. All cases were classified according to WHO guidelines as imported if the infection was 
acquired outside the country or indigenous if acquired locally without evidence of importation.

Once a case is confirmed and reported, the Health Delegation responsible initiates a 
reactive investigation. This consists of visiting the patient’s home, performing reactive rapid 
diagnostic tests (RDTs) in neighbouring houses, focal spraying activities, community sensiti-
sation, and collecting entomological data.

The data used in this study included malaria data collected from all health structures 
at the national level during the study period. All data were confirmed between the NMCP 
and SVIRE services to ensure uniformity and quality of the disclosed data, usually reported 
through the Ministry of Health’s annual statistical reports.

This study analysed data collected over 35 years, from 1988 to 2022, using simple analysis 
in Excel and creating case distribution maps. For map elaboration, the shapefile layers with 
administrative limits defined by the National Institute of Territory Management (INGT, 
https://ingt.gov.cv/ingt/) and USGS National Map Viewer (https://www.usgs.gov/tools/
national-map-viewer). The data were disaggregated into 5-time serials of seven years each, 
considering the number of years with available data, multiples of seven. The distribution 
was analysed by the origin of the case, classified as local or imported, according to the WHO 
guidelines, island, and reporting municipality.

Mapping the data
We used the USGS National Map Viewer, to prepare malaria maps. First, we obtained geo-
referenced malaria data from the Cabo Verde NMCP. We then created a variable to join the 
Shapefile to the Excel base and imported the data into USGS National Map Viewer, using the 
union tool. After importing, we represented malaria cases using gradual colours, depending 
on each municipality’s cumulative frequency of cases. We use shapefile layers with administra-
tive limits defined by the INGT. We used the USGS National Map Viewer print composer to 
finalise and export the maps in the PNG format at 600 DPI. The maps contained a legend to 
make it easier for users to interpret the data.

Results

Epidemiological history of malaria in Cabo Verde
Historical data suggest that malaria was introduced to Cabo Verde by migrants from Africa 
during the colonisation of the islands. Preliminary data indicate that in 1506, Indian route 
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caravels were banned from Cabo Verde (Santiago) owing to malaria [10]. At that time, the 
disease was listed as relatively attenuated endemic, with epidemics of some magnitude, par-
ticularly in years of high rainfall or increasing migration of individuals from highly endemic 
regions such as S. Tomé and Príncipe, Angola, or Guinea-Bissau [13–15].

Malaria severely affected the archipelago during the first half of the 20th century. Between 
1930 and 1940, it accounted for more than half of hospitalisations, with more than 10,000 cases 
and 200 deaths per year, particularly in the islands of S. Vicente, Sal, Maio, Boavista and San-
tiago. Specifically, in 1931, it was responsible for 51.4% of hospitalisations, 36.6% in 1938, and 
55.6% in 1940. By the early 1950s, it was the leading cause of mortality, with meso-endemic 
transmission occurring in Santiago, Fogo, Boavista, São Vicente, and São Nicolau. On the other 
hand, four other islands were spared, namely Maio, Brava, Sal, and Santo Antão. At that time, 
the disease was characterised by its marked seasonality, with an annual incidence of > 100 cases 
per 1,000 inhabitants [15,16].

By analysing the malaria data in the country, it is possible to highlight six reference stages 
in the fight against malaria, emphasising three periods of interruption in the transmission 
of the disease. The first period started in the 1940s and continued until 1972, when malaria 
constituted a severe public health problem, with significant epidemics leading to a situation 
of hyperendemicity [17]. To combat the disease in the country, a pilot elimination project was 
launched on the island of Sal in 1948. Because of the good results obtained, it was extended to 
other islands and municipalities in 1953. The main activities during Indoor residual spraying 
(IRS) campaigns include the use of dichlorodiphenyltrichloroethane (DDT) against resting 
adult mosquitoes and a vigorous campaign against larvae, using larvicides, diesel and larvivo-
rous fish (Gambusie affinis) in affected areas. With this campaign, it was possible to eliminate 
the disease from the island of Sal (in 1950), S. Vicente (in 1954), Boavista and Maio (in 1962) 
and Santiago (in 1968), and the last case was recorded in Santiago in 1967 [17].

Cabo Verde aligned with the WHO global program for eliminating malaria through the 
biannual IRS campaigns conducted in all islands. It was possible to interrupt malaria trans-
mission twice, from 1972 to 1985. This first phase of interruption of transmission lasted five 
years; then, in 1973, there were 149 cases of indigenous people in Santa Catarina and Santa 
Cruz on the island of Santiago. Implementing preventive measures, mainly the treatment 
of active outbreaks in 1974 and 1975, reduced the number of cases from 149 in 1973 to 20 
indigenous cases in 1976. However, a new epidemic from 1977 to 1979, with 844 cases and 13 
deaths, peaked in 1978 and again in the municipalities of Santa Catarina and Santa Cruz. In 
1978, the epidemic peaked in November, and one-third of the indigenous cases were due to P. 
vivax. New preventive measures have also been implemented. IRS campaigns were conducted 
every six months for five years, from 1978 to 1983, resulting in an interruption of transmis-
sion for three years, from 1983 to 1985 [17]. In 1987, another outbreak led to a declaration 
of 434 cases. In 1988, a total of 814 cases and 12 deaths were reported, mainly concentrated 
on Santiago Island. Since the 1990s, imported cases have been diagnosed throughout the 
country, with indigenous cases limited to the island of Santiago and occasional cases of 
Boavista since 2003. Since 1990, the transmission level in Cabo Verde has remained very 
low, and malaria has ceased to be a significant public health problem [17]. Between 1990 and 
2009, 1,293 cases were reported nationally - 94% in Santiago. Of the reported cases, 915 were 
indigenous to the island of Santiago and 14 on Boavista. Since 1996, São Nicolau and Maio 
have not reported any cases, while five other islands have reported only 45 imported cases. In 
2003, four autochthonous cases were reported in Boavista, among residents with no history 
of travel outside the country during the expected period of contracting the infection. These 
cases confirmed the presence of active malaria transmission outside Santiago Island for the 
first time in the past 30 years.



PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004153  January 10, 2025 6 / 22

PLOS Global Public Health Malaria certification in Cabo Verde: The goal and challenges ahead

The third period is between 2018 and 2024, when the country established its elimination 
goal and elaborated on all documents and strategies to achieve it. The interruption of local 
cases from 2018 to 2024 lasted for five years. The Fig 2 shows the principal historical moments 
of malaria interventions in Cabo Verde, the results and the gains regarding malaria control 
and the main activities implemented in Cabo Verde, from the first moments of the fight 
against the disease in 1953 to eliminating and certifying the country as malaria-free in 2024 
(S1 Table)

Malaria data in Cabo Verde from 1988 to 2022
For 35 years, 3,089 malaria cases were reported, 2,381 (77.1%) local and 708 (22.9%) imported 
(Fig 3 and S2 Table). The first period, 1988–1994, had the highest number of cases, 1,199. Of these, 
1,068 (89.1%) were local, and 131 (10.9%) were imported). In the second period, 1995–2001, 606 
cases were reported, 484 (79.9%) local and 122 (20.1%) imported. The third period, 2002–2008, 

Fig 2.  Central moments in malaria elimination history in Cabo Verde. From the first moments of the fight against the disease (1953) to eliminating and certifying the 
country as malaria-free (2024).

https://doi.org/10.1371/journal.pgph.0004153.g002
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has the lowest number of cases, 343, 230 (67.1%) were local and 113 (32.9%) imported. The fourth 
period, 2009–2015, had 302 cases reported and was the only period where the number of local 
cases, 125 (41.4%), was fewer than the imported, 177 cases (58.65). And finally, in the fifth period, 
2016–2022, there were 639 cases, 474 (74.2%) local and 165 (25.8%) imported.

Most cases were registered on the island of Santiago, with 2911 (94,2%) of the country’s 
largest island, comprising nine municipalities. The highest cases were in Praia, 1,453 (47.0%), 
the country’s capital, followed by Santa Cruz, 926 (30%), Santa Catarina, 471 (15.2%) and Tar-
rafal, 43 (1.4%). Boavista had 37 cases (1.2%), 21 local and 16 imported, and the island of Sal 
had 34 (1.1%), all imported. Fogo (municipality of São Filipe), Santo Antão (Ribeira Grande 
and Paúl), as well as the island of Maio, São Nicolau (Ribeira Brava), reported less than 20 
cases each (with 17, 7, 4, 3 and 1 cases respectively). Tarrafal in São Nicolau, Brava, Santa 

Fig 3.  Total malaria cases in the Cabo Verde Islands from 1988 to 2022. The map was created using the USGS National Map Viewer (https://www.usgs.gov/tools/
national-map-viewer).

https://doi.org/10.1371/journal.pgph.0004153.g003
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Catarina, and Mosteiros in Fogo, São Salvador do Mundo, and São Lourenço dos Órgãos in 
Santiago have not reported cases during this period of 35 years.

Imported cases by islands/municipalities
Despite the imported cases being inferior to the local ones, they had greater dispersion across 
islands. Santiago is still the island with prominent imported cases, with a total number of 551 cases, 
distributed by the 7/9 municipalities, being in Praia (447), Santa Catarina (59) Santa Cruz (22), 
Tarrafal (29), São Miguel (4), São Domingos (3) and Ribeira Grande (2) (Fig 4), São Lourenço dos 
Órgãos and São Salvador do Mundo are the two municipalities reporting 0 cases during the period.

Santo Antão reported imported cases in all three municipalities: seven in Ribeira Grande, 
four in Paul, and two in Porto Novo. São Vicente is the second island in terms of imported 

Fig 4.  Total of imported malaria cases by the Cabo Verde Islands from 1988 to 2022. The map was created using USGS National Map Viewer (https://www.usgs.gov/
tools/national-map-viewer).

https://doi.org/10.1371/journal.pgph.0004153.g004
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cases (73) after Santiago. In São Nicolau, only three malaria cases have been reported in 
Ribeira Brava and Tarrafal without any case. Sal, Boavista, and Maio Islands reported 34, 16, 
and 1 case, respectively. In Fogo, only São Filipe reported cases (17), while Santa Catarina and 
Mosteiros reported no cases. And Brava, reported zero cases during the period.

Local malaria cases by islands/municipalities
The local malaria cases during this period were restricted to the sole island of Santiago, in 
Praia (1,006), Santa Cruz (904), Santa Catarina (412), Tarrafal (29), São Miguel and Ribeira 
Grande (4 cases each), São Domingos (1 case), and Boavista (21 cases) (Fig 5). The other seven 
islands did not report local cases during this period. Since January 2018, no local cases have 
been reported in the country; however, six introduced instances have been identified in Praia.

Fig 5.  Total local malaria cases in the Cabo Verde Islands from 1988 to 2022. The map was created using USGS National Map Viewer (https://www.usgs.gov/tools/
national-map-viewer).

https://doi.org/10.1371/journal.pgph.0004153.g005
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The dynamics of malaria transmission and level of endemicity
Malaria in Cabo Verde was previously endemic, with an annual incidence of approximately 
100 cases per 1,000 inhabitants in the 1950s. With the eradication campaigns launched in Sal, 
then extended to all the islands, disease transmission stagnated throughout the country, except 
the island of Santiago [18]. A few years later, the disease resurfaced in Santiago, where major 
epidemics were recorded and were limited to the island, which remained until 2003 as the only 
one with indigenous cases. Indigenous cases have also appeared on Boavista island [17–19].

In general, it is believed that the entire Cape Verdean population is at a risk of contracting 
malaria. Based on the established epidemiological classification, the presence of vectors and 
the reporting of indigenous cases, with the risks being high, intermediate, or low. Thus, the 
risk is high on islands with vector and local transmission, where 58% of the population lives. 
Islands with vectors without local transmission account for 37% of the population and are 
classified as intermediate risk. Finally, islands without vectors and local transmission where 
5% of the population live are classified as low risk [20]. In addition to the low immunity of the 
population, the dynamics of the internal mobility of the country and the movements of popu-
lations from other endemic countries, among other factors, mean that the entire population is 
considered at risk of malaria transmission.

Malaria morbidity and mortality in Cabo Verde
The data indicate that from 1989 to 1994, the number of malaria cases decreased: 284 cases 
and only 2 cases in 1994. From 1992 to 1994, all indigenous cases were on the outskirts of 
Praia. After heavy seasonal rains and periods of drought, the number of cases increased, 
with outbreaks in Santa Catarina, Praia, and Santa Cruz, all on Santiago Island. Faced with 
this morbidity, studies have concluded that, regarding symptoms, individuals, usually with 
uncomplicated malaria, have developed an unusual situation in a disease characterised by 
weak or practically non-existent immunity [21]. During the last years (2010–2023), a total 
of 916 malaria cases were reported in the country, with a low mortality rate, with a total of 
nine deaths recorded (Table 1). Although relatively low, cases persisted, which may be linked 
to patients’ late care-seeking behaviours when faced with the first symptoms of the illness or 

Table 1.  Malaria cases, deaths, mortality, and case fatality rates in Cabo Verde from 2010 to 2023.

Year Population Total malaria cases Number of deaths related to malaria Mortality rate (/1000) Case fatality rate (/100)
2010 477 859 47 1 0.002 2.1
2011 480 577 36 3 0.006 8.3
2012 482 285 36 1 0.002 2.8
2013 485 996 46 0 0.000 0.0
2014 488 719 46 1 0.002 2.2
2015 491 436 27 0 0.000 0.0
2016 493 465 75 1 0.002 1.3
2017 495 522 446 2 0.004 0.4
2018 497 558 21 0 0.000 0.0
2019 499 608 40 0 0.000 0.0
2020 501 657 10 0 0.000 0.0
2021 504 125 21 0 0.000 0.0
2022 506 595 28 0 0.000 0.0
2023 509 078 37 1 0.002 2.7
Total 916 9 – –

https://doi.org/10.1371/journal.pgph.0004153.t001

https://doi.org/10.1371/journal.pgph.0004153.t001
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inadequate case management. In turn, the mortality rate related to malaria did not exceed 
0.006 (/1,000 inhabitants), the highest value in 2011, and the case fatality rate varied between 
0.00 and 8.30 (/100 inhabitants) in the same year.

Discussion

Cabo Verde as a malaria-free country: The main challenges, perspectives 
and the ahead
Understanding malaria patterns in countries where it spreads is crucial for creating effective 
control strategies [22]. A renewed global commitment to eradicating malaria is highlighted by 
the World Health Organization’s Global Technical Strategy for Malaria 2016–2030 [22–24]. 
This goal is also part of the Roll Back Malaria plan and aligns with the Sustainable Develop-
ment Goals [25], which address major health issues, including malaria. Many countries aim 
to eliminate malaria [26,27], with at least 35 out of 91 countries with ongoing transmission 
expected to reduce cases by 90% by 2030 [28]. However, this requires strong political support 
at all levels [24,29,30].

In Cabo Verde, malaria elimination efforts focused on developing policies for low-permission 
areas, where the positivity rate is below 5% among febrile cases [31,32]. Interventions must be 
enhanced to prevent malaria reintroduction in an archipelago country that may limit the spread 
of malaria, but increased travel between islands due to economic growth presents challenges. 
Current measures, like spraying planes and boats in line with international health regulations, 
have limited impact compared to other countries in the elimination phase [22].

Historically, Cabo Verde saw three malaria-causing parasites: P. falciparum, P. vivax, and 
P. malariae. In the 1960s, P. vivax was more common than P. falciparum, but since 1994, P. 
falciparum has been responsible for all reported malaria cases, both native and imported. 
Most imported cases come from West African countries like Guinea Bissau and Angola. With 
increased travel to Africa and the Americas, Cabo Verde faces a constant risk of imported 
malaria. After years of absence, P. vivax reappeared in 2017 from Brazil and, with improved 
diagnostic methods, mixed infections, such as P. falciparum with P. ovale in 2022 and with 
P. malariae in 2023 were detected in the country [20]. As part of the Economic Community 
of West African States (ECOWAS) and with open borders, Cabo Verde has a risk of malaria 
reintroduction due to tourism and travel [13,33,34]. Therefore, ongoing investment is key to 
maintaining diagnostic capabilities. The biggest challenge in keeping malaria control gains 
is ensuring the financial resources to support these efforts [35]. The Global Fund to Fight 
AIDS, Tuberculosis, and Malaria (GFATM) has been a significant funding source since 2010, 
investing around 4.5 million Euros in malaria control efforts in Cabo Verde, focusing on vec-
tor control, case management, and program management [36]. Despite these achievements, 
GFATM has announced that its upcoming grant cycle from 2024 to 2026 will be the last for 
malaria. This means that the country’s government needs to find new partners and financing 
strategies, including involving private and international partners [37–40]. The WHO and 
other essential partners’ support will continue to play a crucial role in the overall elimination 
and certification process.

Recent analysis highlights gaps in human resources, training, and capacity building for 
malaria combat in Cabo Verde. This means effective engagement and strategies are needed, 
particularly in governance and leadership coordination [41]. Despite the technical support 
provided by the partners, key areas like entomology, epidemiology, and data management 
require special attention. The country’s case-based malaria surveillance system faces chal-
lenges, especially in managing imported cases and monitoring trends [42–44]. To sustain 
malaria elimination, it’s crucial to identify residual transmission foci and ensure timely 
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treatment of asymptomatic and symptomatic infections [45–48]. While RDTs have improved 
access, they do not detect low-level infections, necessitating more sensitive tools for accurate 
diagnosis [49–51]. Although primaquine is used for treatment, G6PD deficiency poses risks, 
and the prevalence in the population necessitates enzyme testing for better management 
[52,53]. Despite no reported resistance to antimalarial treatments in Cabo Verde, monitoring 
for drug resistance is essential, considering the reality in Southeast Asian countries and its 
spread to Africa [54–57].

Malaria data and the lessons learned
Cabo Verde has eliminated malaria, but it still faces challenges. Historically, the country 
has controlled malaria transmission twice, achieving WHO certification and becoming the 
fourth African country to achieve this goal [3]. However, a 2017 outbreak with 423 local 
cases [34] highlighted weaknesses in disease control, and the management of imported cases 
requires considerable adaptation to prevent reintroduction [58,59]. Since then, there have 
been no local cases, but imported cases continue to be reported, particularly from other  
Portuguese-speaking African countries [13,33,34].

The mobility of malaria-infected individuals poses challenges after the elimination, and 
in the actual situation of a free malaria country, preventing the reintroduction, spreading 
parasite drug resistance, straining country-to-country collaboration, and making routine 
data collection difficult, especially in resource-poor settings [60]. The cross-border mobility 
of malaria cases poses an obstacle in many countries [61], which is not problematic for the 
archipelagic country. While Cabo Verde’s geography as an archipelago mitigates some risks, 
globalization and tourism pose ongoing challenges. Despite a functional surveillance system, 
imported malaria remains complex, accounting for 23% of cases reported across 16 munici-
palities and eight inhabited islands [62–65]. These cases would undoubtedly be linked to these 
islands’ ecological and environmental situation [63], the greater circulation of the parasite and 
difficulties in control and prevention. On the remaining islands, few cases are registered, and 
the absence of local cases may be linked to environmental and climatic situations, with less 
movement of people from endemic countries. To effectively manage imported malaria cases, 
Cabo Verde must target geographic sources of infection, particularly in Lusophone countries 
like Angola, Guinea Bissau, and Senegal.

Malaria vectors control in Cabo Verde: The translation and scale-up of 
novel strategies to the local level
Eleven mosquito species have been identified in Cabo Verde, with five significant vectors of 
diseases: An. gambiae s.l., Aedes aegypti, Culex quinquefasciatus, Cx. pipiens ss, and Cx. Perex-
iguus [66,67].

In sub-Saharan Africa, An. gambiae complex is the primary malaria vector. The species 
is widely distributed in the region, occupying more than 70% of the land, with polymorphic 
biting and resting behaviors depending on host availability and location inside or outside 
homes [68]. In Cabo Verde, An. arabiensis is the only known malaria vector [9,66,67,69–72] 
identified in the islands, with anthropophilic and marked exophilic behaviors [70–72], possi-
bly influenced by indoor residual spraying (IRS) campaigns that have been implemented over 
the years [72,73]. Nonetheless, its distribution and more ecological data must be studied and 
confirmed. A recent study was carried out to update the distribution data of the natural popu-
lations of An. arabiensis, confirmed the presence of the species in the Santiago (municipalities 
of Praia, Tarrafal, São Salvador do Mundo, Santa Cruz, São Lourenço dos Órgãos, São Miguel, 
and Santa Catarina), São Vicente, Boavista and Maio islands [74].
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A multi-sector approach is necessary to combat vector-borne diseases, emphasizing envi-
ronmental health and political commitment to effective long-term vector control [45,75–77]. 
Historically, vector control has been crucial in malaria eradication efforts in Cabo Verde, with 
previous IRS campaigns successfully interrupting transmission [17,68]. The Integrated Vector 
Control Manual advocates an integrated approach to tackle multiple diseases, focusing on lar-
val and adult control methods and community engagement [78], and an integration approach 
for all different species of mosquito vectors, mainly Aedes aegypti, responsible for dengue 
and Zika epidemics in the country [67,79]. Long-lasting insecticidal nets (LLINs) are not 
widely used for prevention; they are mainly distributed during malaria epidemics in hospitals. 
Although DDT was effective in the past for malaria control [80], the WHO now recommends 
less harmful insecticides like pyrethroids and organophosphates, which are currently in use.

Among the three classes of authorised insecticides, only the first two are used in the fight 
against malaria in Cabo Verde; deltamethrin is 0.5% for IRS activities in adults and temephos 
(abate) for larval control [81]. In addition to chemicals, the country recommends using larvi-
vorous fish and petroleum derivatives, which are limited to specific areas. With international 
health regulations, the government adopted the use of α-permethrin in spraying aircraft. 
Spraying campaigns are organised in two annual cycles nationwide, usually before and after 
rains, emphasising the most affected areas, namely Praia and Boavista.

Research on mosquito behavior and insecticide sensitivity is crucial for controlling malaria 
in Cabo Verde. Studies from 2011 indicated that An. arabiensis from Santiago Island was 
generally sensitive to several insecticides, including deltamethrin and alpha-cyhalothrin [81]. 
However, variations in susceptibility to temephos were observed, with mortality rates ranging 
from 43.1% to 90.9% [82]. Recent findings show mutations linked to resistance, emphasiz-
ing the need to regularly monitor insecticide resistance at least once a year to ensure effec-
tive vector control [83,84]. Given An. arabiensis’s behavioral polymorphism and the lack of 
comprehensive entomological data in the country, more research is needed on its distribution, 
behavior, and ecology. This includes studying the Entomological Inoculation Rate (EIR) and 
environmental conditions to develop effective control strategies. Integrated vector control is 
recommended to minimize resistance, though its universal application has limitations. Cur-
rent methods, such as IRS and LLIN, may not effectively target outdoor populations of mos-
quitoes [85–87], so innovative strategies, including molecular tools and genetic approaches 
like gene drive technology, offer promising avenues for vector control in Cabo Verde’s unique 
archipelagic environment [88,89]. Strengthening local biological control, monitoring, and 
infrastructure is essential for a coordinated response.

Climatic changes, new vector ecological habits and behaviour change
Climate change impacts all regions, leading to extreme weather and threatening Sustainable 
Development Goals, especially in vulnerable communities like Cabo Verde. The archipelago’s 
insularity and climatic characteristics exacerbate the effects of climate change on ecosystems 
and the population. Cabo Verde faces a “climate shock,” with projections indicating hotter 
and drier conditions [90]. The IPCC models suggest average temperatures could rise by up 
to 2.5 °C and humidity and precipitation may decrease by 5–10% annually, with sea level 
rise expected between 0.13 and 1.4 m by century’s end [91]. Research shows health risks 
from climate change, including temperature-related illnesses and vector-borne diseases 
[92–96]. Malaria, a climate-sensitive disease in African countries, including Cabo Verde, is 
mainly linked to temperature and rainfall [97–100]. The islands have a dry Sahelian climate, 
with minimal rain, making malaria transmission less favorable. Previous studies focused on 
Santiago and Boavista, revealing correlations between malaria cases and climatic factors. 
Still, there’s a lack of data on Brava and Santo Antão, which have not experienced indigenous 
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malaria cases [33]. Agricultural areas in Santiago, Santa Catarina, and Santa Cruz reported 
malaria cases, possibly related to increased vector density from breeding sites.

Recently, studies have demonstrated specific shifts in vector behaviour following the 
introduction of malaria vector control interventions [101–103], including species shifts, shifts 
toward early evening and early morning biting, outdoor resting and biting, and zoophiles. 
To be more resilient to the impact of climate change on health, especially the rising tem-
peratures and malaria, Cabo Verde must strengthen its entomological surveillance capacity 
[100,104–109].

Another main concern for Cabo Verde is the potential introduction and establishment 
of new malaria vectors. The species, An. stephensi, historically considered an Asian malaria 
vector, was detected in Africa in Djibouti, Ethiopia, Somalia, Sudan, Ghana, Kenya, and 
Nigeria [110]. Given these results and the An. stephensi’s ability to invade the new area, Cabo 
Verde should not rule out its introduction, as well as other species, which could be other 
competent vectors.

A robust and functional monitoring system will maintain the malaria 
detection capacity at all levels
Monitoring and evaluation (M&E) systematically track public health programs over time, 
focusing on malaria program scale-up primarily on burden reduction, specifically morbidity 
and mortality [111]. For countries in the elimination stage, measuring malaria morbidity 
and mortality has become challenging due to a high proportion of asymptomatic cases [112]. 
Therefore, M&E must shift to detecting malaria infections and understanding transmission 
dynamics.

Elimination monitoring integrates health data, population census, and needs assessment 
to enable personalized, rapid interventions [104]. Effective surveillance should utilize tools 
like GIS and SDSS to predict infection risk and guide local responses [42,108,113]. Mapping 
vulnerability risk and developing strategies for managing imported cases remain significant 
challenges. In Cabo Verde, initial mapping efforts began during the 2017 epidemic, yet com-
prehensive vector distribution studies are still needed for an effective malaria response [33].

Field research during the 2017 outbreaks suggests that receptivity can sometimes be high 
in transmission foci, regardless of ecological conditions. The dynamics of transmission in 
an active focus studied in Santa Catarina de Santiago in 1995 [114] showed that 41% of the 
inhabitants were affected by the same lineage of clonal parasites and by all age groups affected. 
According to this study, the parasite can maintain asymptomatic infections despite long 
drought and non-transmission periods. Despite residual local cases in Santiago and recently 
in Boavista, whose outbreaks are well known, it was not until 2017 that mapping of breeding 
sites and reported cases began in Praia.

Cabo Verde must strengthen its surveillance system to assess trends and respond effec-
tively, especially as a malaria-free country. Research is necessary to improve testing capacity 
for low parasitaemia detection and evaluate the efficacy of interventions like IRS and larval 
control. New technologies for mapping and surveillance, along with the systematic review of 
past elimination efforts, are crucial for sustaining progress and implementing effective malaria 
prevention strategies [115,116].

Epidemiological surveillance, operational research and quality of 
interventions
Malaria epidemiological surveillance in Cabo Verde is conducted through structured 
procedures that provide information on cases and deaths, essential for program planning 



PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004153  January 10, 2025 15 / 22

PLOS Global Public Health Malaria certification in Cabo Verde: The goal and challenges ahead

and evaluation [77,117]. The National Directorate of Health, along with the NMCP and 
the SVIRE, coordinates efforts to monitor malaria prevalence and incidence and promote 
health research. The Integrated Disease Surveillance and Response (VID-R) strategy, 
implemented in 2002 and revised in 2007, involves systematic investigation of malaria 
cases by health delegations and ensures appropriate responses through the availability of 
RDT [118].

The National Institute of Public Health (INSP) leads malaria research in Cabo Verde, bol-
stered by the 2017 establishment of a medical entomology laboratory. This research includes 
projects like Target Malaria, WADE, and Freedom from Infection, focusing on malaria prev-
alence, environmental impacts, vector behavior, and more [13,34,119–121]. Collaborations 
with national and international institutions, such as the University of Cabo Verde (Uni-CV), 
Jean Piaget University, Pasteur Institute of Dakar, the Institute of Hygiene and Tropical Medi-
cine (IHMT), and others, enhance research quality.

Cabo Verde’s functional surveillance system faces challenges in improving its sustain-
ability for malaria control [108]. As the WHO Expert Committee highlights, effective 
surveillance is essential for disease prevention and elimination [122,123]. The country 
has implemented strategic passive and active case detection methods to manage reduced 
malaria cases [24,30,113]. Also, the WHO’s Framework for Elimination advises a shift 
towards systems that enable rapid and detailed case reporting [30]; however, Cabo Verde 
struggles with local alert systems, data integration, and analytic improvements. The WHO’s 
Global Technical Strategy emphasizes the need for integrated health data to support 
targeted interventions. For Cabo Verde, surveillance and monitoring require integrating 
health data, population census, information on the acquisition of needs and others, sup-
porting actions and forecasting programmes to obtain personalised results that would 
lead to rapid and targeted interventions [111,124]. This system allows the early detection 
of malaria cases with the investigation, notification and response in real-time following 
national malaria surveillance procedures, including the management of imported cases, 
particularly at maritime and continental borders. Ideal surveillance systems should use 
tools such as GIS and SDSS for georeferencing and predicting infection risk. Additionally, 
this information should be used to direct and guide effective and targeted responses at 
the local level. In elimination and reintroduction prevention programs in malaria eradi-
cation, mapping vulnerability risk is crucial for surveillance operations. Specific strategies 
for imported cases remain significant challenges for the country. The country also needs 
to re-evaluate the service integration delivery for malaria [107], reinforce the communi-
cations for the governance of malaria programs [26], suppress the human resources and 
capacity building needs [38] and intensive inter-country cooperation [124] and commu-
nication [125], as key strategies to prevent malaria reintroduction. Investment in studies 
and research must be reinforced in the country, creating conditions for various questions, 
challenges, and situations to be answered and clarified. Thus, providing evidence for mak-
ing the best decisions can contribute to Cabo Verde’s perpetuity and guarantee the sustain-
ability of a malaria-free country, a reference for Africa and the world.

Conclusion
With a long history of malaria cases in the country, Cabo Verde was the first sub-Saharan 
African country to achieve malaria elimination. With the reduction of the last local cases in 
two islands, Santiago in 2017 and Boavista in 2015, the certification was achieved on January 
12th, 2024, by the WHO. With this certification, Cabo Verde joins the group of 43 countries 
and one territory the WHO has granted as malaria-free, being the fourth country in Africa, 
joining Mauritius, Morocco, and Algeria, certified in 1973, 2010, and 2019, respectively.
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Certification of malaria elimination will drive positive economic development in many 
sectors of Cabo Verde. The systems and structures created to eliminate malaria have 
strengthened the health system and will be used to combat other mosquito-borne diseases. 
The goal was achieved, and with it, challenges will be faced for the country to perpetuate 
this achievement and maintain its sustainability, focusing on preventing reintroduction. 
Investments are necessary to overcome the various tasks in assembling a robust and 
functional entomological and epidemiological surveillance system to respond to imported 
cases with immediate detection, correct treatment, and follow-up. Leadership in program 
coordination and management, training human resources in various areas, investment in 
research and investigation, and implementation of an effective anti-vector control system 
are the challenges that the country needs to surmount to guarantee the sustainability of 
this success.

Supporting information
S1 Table.  The main activities implemented in the malaria history of malaria control in 
Cabo Verde. From the first moments of the fight against the disease in 1953 to eliminating 
and certifying the country as malaria-free in 2024.
(PDF)

S2 Table.  Number of malaria cases reported in Cape Verde, by island and municipality, 
according to the origin of the case, in the period 1988–2022. 
(XLSX)

Acknowledgments
We thank all authors for their contributions, the National Malaria Program, and the Surveil-
lance service for making the data available for analysis. We also thank Dr Christian Rusangwa, 
Muso Health, and Dr Abiodun Egwuenu, Nigeria Centre for Disease Control, for their collab-
oration in reading and improving the final manuscript.

Author contributions
Conceptualization: Adilson José DePina, El Hadji Amadou Niang.
Data curation: Jonas António Lopes Gomes.
Formal analysis: Adilson José DePina, El Hadji Amadou Niang.
Funding acquisition: Adilson José DePina, António Lima Moreira.
Investigation: Adilson José DePina, Jonas António Lopes Gomes, El Hadji Amadou Niang.
Methodology: Adilson José DePina, Jonas António Lopes Gomes.
Project administration: Adilson José DePina, António Lima Moreira.
Resources: Adilson José DePina, António Lima Moreira.
Supervision: Adilson José DePina, El Hadji Amadou Niang.
Validation: Adilson José DePina, El Hadji Amadou Niang.
Visualization: Adilson José DePina, Jonas António Lopes Gomes, El Hadji Amadou Niang.
Writing – original draft: Adilson José DePina, El Hadji Amadou Niang.
Writing – review & editing: Adilson José DePina, Jonas António Lopes Gomes, António Lima 

Moreira, El Hadji Amadou Niang.

http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0004153.s001
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0004153.s002


PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004153  January 10, 2025 17 / 22

PLOS Global Public Health Malaria certification in Cabo Verde: The goal and challenges ahead

References
	 1.	 World Health Organization. Zeroing in on malaria elimination: final report of the E-2020 initiative; 

2021. Available from: https://www.who.int/publications/i/item/9789240024359

	 2.	 World Health Organization. World malaria report. 2023; 2023. Available from: https://www.who.int/
teams/global-malaria-programme/reports/world-malaria-report-2023

	 3.	 World Health Organization. Countries and territories certified malaria-free by WHO; 2024. Available 
from: https://www.who.int/malaria/areas/elimination/malaria-free-countries/en/.

	 4.	 World Health Organization. Kyrgyzstan receives WHO certification of malaria elimination; 2016. Avail-
able from: https://www.who.int/malaria/news/2016/kyrgyzstan-certified-malaria-free/en/.

	 5.	 World Health Organization. WHO certifies Paraguay malaria-free; 2018. Available from: https://www.
who.int/news-room/detail/11-06-2018-who-certifies-paraguay-malaria-free

	 6.	 World Health Organization. WHO certifies that Uzbekistan has eliminated malaria; 2018. Available 
from: https://www.who.int/malaria/news/2018/uzbekistan-certified-malaria-free/en/.

	 7.	 World Health Organization. Algeria and Argentina certified malaria-free by WHO; 2019. Available from: 
https://www.who.int/news-room/detail/22-05-2019-algeria-and-argentina-certified-malaria-free-by-who

	 8.	 World Health Organization. El Salvador certified as malaria-free by WHO; 2021. Available from: https://
www.who.int/news/item/25-02-2021-el-salvador-certified-as-malaria-free-by-who

	 9.	 Cambournac FJ, Petrarca V, Coluzzi M. Anopheles arabiensis in the Cape Verde archipelago. Parassi-
tologia. 1982;24(2–3):265–7. PMID: 6926943

	10.	 Meira M, Nogueira J, Simões T. Observações sobre sezonismo nas ilhas do Sal, Boa Vista e S. Nico-
lau (Cabo Verde). An Inst Med Trop. 1947;4:213–38.

	11.	 Instituto Nacional da Estatística de Cabo Verde. Projecção Demográficas de Cabo Verde, 2010–2040; 
2023.

	12.	 Climate-data.org. Clima: Cabo Verde 2024. Available from: pt.climate-data.org/africa/cape-verde-76/.

	13.	 DePina AJ, Niang EHA, Barbosa Andrade AJ, Dia AK, Moreira A, Faye O, et al. Achievement of 
malaria pre-elimination in Cape Verde according to the data collected from 2010 to 2016. Malar J. 
2018;17(1):236. https://doi.org/10.1186/s12936-018-2376-4 PMID: 29914468

	14.	 Monteiro MC. O sezonismo em Cabo Verde. An Inst Med Trop. 1952;9(2):461–84.

	15.	 Cambournac F, Vieira H, Coutinho M, Soares F, Soares A, Ganz G. Note sur l’éradication du palud-
isme dans l’île de Santiago (République du Cabo Verde). An Inst Hig Med Trop. 1984;10(1):23–34.

	16.	 Ministério da Saúde de Cabo Verde. Plano estratégico de pré-eliminação do paludismo em Cabo 
Verde 2009-2013; 2009.

	17.	 World Health Organization. Moving towards sustainable elimination in Cabo Verde. Eliminating 
malaria case study. Cabo Verde: Ministry of Health, San Francisco: The World Health Organization 
and the University of California; 2012

	18.	 Alves J, Roque AL, Cravo P, Valdez T, Jelinek T, Rosário VE do, et al. Epidemiological characteriza-
tion of Plasmodium falciparum in the Republic of Cabo Verde: implications for potential large-scale 
re-emergence of malaria. Malar J. 2006;532. https://doi.org/10.1186/1475-2875-5-32 PMID: 16630349

	19.	 Cambournac FJ. Eradication of malaria. Considerations of the organization of services for its accom-
plishment. An Inst Med Trop (Lisb). 1966;23(1):33–51. PMID: 5986693

	20.	 Ministério da Saúde de Cabo Verde. Plano estratégico nacional de eliminação do paludismo em 
Cabo Verde 2020-2024; 2020.

	21.	 Bejon P, Williams TN, Liljander A, Noor AM, Wambua J, Ogada E, et al. Stable and unstable malaria 
hotspots in longitudinal cohort studies in Kenya. PLoS Med. 2010;7(7):e1000304. https://doi.
org/10.1371/journal.pmed.1000304 PMID: 20625549

	22.	 Newby G, Bennett A, Larson E, Cotter C, Shretta R, Phillips AA, et al. The path to eradication: a 
progress report on the malaria-eliminating countries. Lancet. 2016;387(10029):1775–84. https://doi.
org/10.1016/S0140-6736(16)00230-0 PMID: 27116283

	23.	 Gates B, Chambers R. From aspiration to action–What will it take to end malaria?; 2015. Available 
from: https://endmalaria.2040.org/assets/Aspiration-to-Action.pdf

	24.	 World Health Organization. Global technical strategy for malaria 2016–2030, 2021 update; 2015. 
Available from https://www.who.int/publications/i/item/9789240031357

	25.	 World Health Organization on behalf of the Roll Back Malaria Partnership Secretariat 2015. Action 
and Investment to defeat Malaria 2016–2030. For a Malaria-Free World. ISBN 978 92 4 150897 1. 
Available from: https://endmalaria.org/sites/default/files/RBM_AIM_Report_0.pdf

https://www.who.int/publications/i/item/9789240024359
https://www.who.int/teams/global-malaria-programme/reports/world-malaria-report-2023
https://www.who.int/teams/global-malaria-programme/reports/world-malaria-report-2023
https://www.who.int/malaria/areas/elimination/malaria-free-countries/en/
https://www.who.int/malaria/news/2016/kyrgyzstan-certified-malaria-free/en/
https://www.who.int/news-room/detail/11-06-2018-who-certifies-paraguay-malaria-free
https://www.who.int/news-room/detail/11-06-2018-who-certifies-paraguay-malaria-free
https://www.who.int/malaria/news/2018/uzbekistan-certified-malaria-free/en/
https://www.who.int/news-room/detail/22-05-2019-algeria-and-argentina-certified-malaria-free-by-who
https://www.who.int/news/item/25-02-2021-el-salvador-certified-as-malaria-free-by-who
https://www.who.int/news/item/25-02-2021-el-salvador-certified-as-malaria-free-by-who
http://www.ncbi.nlm.nih.gov/pubmed/6926943
pt.climate-data.org/africa/cape-verde-76/
https://doi.org/10.1186/s12936-018-2376-4
http://www.ncbi.nlm.nih.gov/pubmed/29914468
https://doi.org/10.1186/1475-2875-5-32
http://www.ncbi.nlm.nih.gov/pubmed/16630349
http://www.ncbi.nlm.nih.gov/pubmed/5986693
https://doi.org/10.1371/journal.pmed.1000304
https://doi.org/10.1371/journal.pmed.1000304
http://www.ncbi.nlm.nih.gov/pubmed/20625549
https://doi.org/10.1016/S0140-6736(16)00230-0
https://doi.org/10.1016/S0140-6736(16)00230-0
http://www.ncbi.nlm.nih.gov/pubmed/27116283
https://endmalaria.2040.org/assets/Aspiration-to-Action.pdf
https://www.who.int/publications/i/item/9789240031357
https://endmalaria.org/sites/default/files/RBM_AIM_Report_0.pdf


PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004153  January 10, 2025 18 / 22

PLOS Global Public Health Malaria certification in Cabo Verde: The goal and challenges ahead

	26.	 Lindblade KA, Li Xiao H, Tiffany A, Galappaththy G, Alonso P, WHO E-2020 Team. Supporting coun-
tries to achieve their malaria elimination goals: the WHO E-2020 initiative. Malar J. 2021;20(1):481. 
https://doi.org/10.1186/s12936-021-03998-3 PMID: 34930239

	27.	 Roll Back Malaria. More countries than ever before on the verge of zero malaria. Ending malaria 
critical to beating future pandemics and unlocking economic and societal benefits, leaders 
say ahead of this year’s World Malaria Day; 2021. Available from: https://endmalaria.org/news/
more-countries-ever-verge-zero-malaria

	28.	 World Health Organization. E-2020 update: 2019 progress report; 2020. Available from: https://www.
who.int/publications/i/item/WHO-CDS-GMP-2019.07

	29.	 Mao W, Cooke R, Silimperi D, Urli Hodges E, Ortiz E, Udayakumar K. Scaling malaria interventions: 
bottlenecks to malaria elimination. BMJ Glob Health. 2023;8(11):e013378. https://doi.org/10.1136/
bmjgh-2023-013378 PMID: 37949501

	30.	 World Health Organization. A framework for malaria elimination; 2017. Available from: https://www.
who.int/publications/i/item/9789241511988

	31.	 Kelly GC, Tanner M, Vallely A, Clements A. Malaria elimination: moving forward with spatial decision 
support systems. Trends Parasitol. 2012;28(7):297–304. https://doi.org/10.1016/j.pt.2012.04.002 PMID: 
22607693

	32.	 Killeen GF. Characterizing, controlling and eliminating residual malaria transmission. Malar J. 
2014;13330. https://doi.org/10.1186/1475-2875-13-330 PMID: 25149656

	33.	 DePina AJ, Andrade AJB, Dia AK, Moreira AL, Furtado UD, Baptista H, et al. Spatiotemporal char-
acterisation and risk factor analysis of malaria outbreak in Cabo Verde in 2017. Trop Med Health. 
2019;47:3. https://doi.org/10.1186/s41182-018-0127-4 PMID: 30636920

	34.	 DePina AJ, Stresman G, Barros HSB, Moreia AL, Dia AK, Furtado UD. Updates on malaria epidemi-
ology and profile in Cabo Verde from 2010 to 2019: the goal of elimination. Malaria J. 2020;19:380. 
https://doi.org/10.1186/s12936-020-03455-7 PMID: 33097051

	35.	 Shretta R, Avanceña ALV, Hatefi A. The economics of malaria control and elimination: a systematic 
review. Malar J. 2016;15(1):593. https://doi.org/10.1186/s12936-016-1635-5 PMID: 27955665

	36.	 Cabo Verde 2023–2025 allocation letter, from the global fund to fight AIDS, tuberculosis and malaria; 
2022 Dec 19.

	37.	 Rannan-Eliya RP. Financing malaria. PLOS Glob Public Health. 2022;2(6):e0000609. https://doi.
org/10.1371/journal.pgph.0000609 PMID: 36962472

	38.	 Common country programme document for Cabo Verde, March 2023–December 2027. Executive 
Board of UNDP, UNFPA and UNOPS First regular session 2023 30 January–3 February 2023, 
New York [cited 2023 Aug]. Available from: https://www.unicef.org/executiveboard/documents/
common-country-programme-document-cabo_verde-frs-2023

	39.	 ALMA. ALMA congratulates Cabo Verde on achieving malaria-free sta-
tus; 2024 Jan 12 [cited 2024 Aug]. Available from: https://alma2030.org/news/
alma-congratulates-cabo-verde-on-achieving-malaria-free-status/

	40.	 WAHO. WAHO congratulates Cabo Verde on its certification of the elimination of malaria by the WHO 
on January 12, 2024. Statement on the Occasion of World Malaria Day 2024; 2024 [cited 2024 Aug]. 
Available from: https://www.wahooas.org/web-ooas/pt/node/2396

	41.	 Mwenesi H, Mbogo C, Casamitjana N, Castro MC, Itoe MA, Okonofua F, et al. Rethinking human 
resources and capacity building needs for malaria control and elimination in Africa. PLOS Glob Public 
Health. 2022;2(5):e0000210. https://doi.org/10.1371/journal.pgph.0000210 PMID: 36962174

	42.	 Lourenço C, Tatem A, Atkinson P, Cohen M, Pindolia D, Bhavnani D. Strengthening surveillance 
systems for malaria elimination: a global landscaping of system performance, 2015–2017. Malaria J. 
2019;18:315. https://doi.org/10.1186/s12936-019-2960-2 PMID: 31533740

	43.	 Arisco NJ, Peterka C, Castro MC. Imported malaria definition and minimum data for surveillance. Sci 
Rep. 2022;12(1):17982. https://doi.org/10.1038/s41598-022-22590-6 PMID: 36289250

	44.	 Lal AA, Rajvanshi H, Jayswar H, Das A, Bharti PK. Malaria elimination: using past and present 
experience to make malaria-free India by 2030. J Vector Borne Dis. 2019;56(1):60–5. https://doi.
org/10.4103/0972-9062.257777 PMID: 31070168

	45.	 Moonen B, Cohen JM, Snow RW, Slutsker L, Drakeley C, Smith DL, et al. Operational strategies to 
achieve and maintain malaria elimination. Lancet. 2010;376(9752):1592–603. https://doi.org/10.1016/
S0140-6736(10)61269-X PMID: 21035841

	46.	 Le Menach A, Tatem AJ, Cohen JM, Hay SI, Randell H, Patil AP, et al. Travel risk, malaria importation 
and malaria transmission in Zanzibar. Sci Rep. 2011;1:93. https://doi.org/10.1038/srep00093 PMID: 
22355611

https://doi.org/10.1186/s12936-021-03998-3
http://www.ncbi.nlm.nih.gov/pubmed/34930239
https://endmalaria.org/news/more-countries-ever-verge-zero-malaria
https://endmalaria.org/news/more-countries-ever-verge-zero-malaria
https://www.who.int/publications/i/item/WHO-CDS-GMP-2019.07
https://www.who.int/publications/i/item/WHO-CDS-GMP-2019.07
https://doi.org/10.1136/bmjgh-2023-013378
https://doi.org/10.1136/bmjgh-2023-013378
http://www.ncbi.nlm.nih.gov/pubmed/37949501
https://www.who.int/publications/i/item/9789241511988
https://www.who.int/publications/i/item/9789241511988
https://doi.org/10.1016/j.pt.2012.04.002
http://www.ncbi.nlm.nih.gov/pubmed/22607693
https://doi.org/10.1186/1475-2875-13-330
http://www.ncbi.nlm.nih.gov/pubmed/25149656
https://doi.org/10.1186/s41182-018-0127-4
http://www.ncbi.nlm.nih.gov/pubmed/30636920
https://doi.org/10.1186/s12936-020-03455-7
http://www.ncbi.nlm.nih.gov/pubmed/33097051
https://doi.org/10.1186/s12936-016-1635-5
http://www.ncbi.nlm.nih.gov/pubmed/27955665
https://doi.org/10.1371/journal.pgph.0000609
https://doi.org/10.1371/journal.pgph.0000609
http://www.ncbi.nlm.nih.gov/pubmed/36962472
https://www.unicef.org/executiveboard/documents/common-country-programme-document-cabo_verde-frs-2023
https://www.unicef.org/executiveboard/documents/common-country-programme-document-cabo_verde-frs-2023
https://alma2030.org/news/alma-congratulates-cabo-verde-on-achieving-malaria-free-status/
https://alma2030.org/news/alma-congratulates-cabo-verde-on-achieving-malaria-free-status/
https://www.wahooas.org/web-ooas/pt/node/2396
https://doi.org/10.1371/journal.pgph.0000210
http://www.ncbi.nlm.nih.gov/pubmed/36962174
https://doi.org/10.1186/s12936-019-2960-2
http://www.ncbi.nlm.nih.gov/pubmed/31533740
https://doi.org/10.1038/s41598-022-22590-6
http://www.ncbi.nlm.nih.gov/pubmed/36289250
https://doi.org/10.4103/0972-9062.257777
https://doi.org/10.4103/0972-9062.257777
http://www.ncbi.nlm.nih.gov/pubmed/31070168
https://doi.org/10.1016/S0140-6736(10)61269-X
https://doi.org/10.1016/S0140-6736(10)61269-X
http://www.ncbi.nlm.nih.gov/pubmed/21035841
https://doi.org/10.1038/srep00093
http://www.ncbi.nlm.nih.gov/pubmed/22355611


PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004153  January 10, 2025 19 / 22

PLOS Global Public Health Malaria certification in Cabo Verde: The goal and challenges ahead

	47.	 Saxena R, Nagpal BN, Srivastava A, Gupta SK, Dash AP. Application of spatial technology in malaria 
research & control: some new insights. Indian J Med Res. 2009;130(2):125–32. PMID: 19797808

	48.	 Quakyi IA, Adjei GO, Sullivan DJ Jr, Laar A, Stephens JK, Owusu R, et al. Diagnostic capacity, and 
predictive values of rapid diagnostic tests for accurate diagnosis of Plasmodium falciparum in febrile 
children in Asante-Akim, Ghana. Malar J. 2018;17(1):468. https://doi.org/10.1186/s12936-018-2613-x 
PMID: 30547795

	49.	 Oladepo O, Oyeyemi AS, Titiloye MA, Adeyemi AO, Burnett SM, Apera I, et al. Malaria testing and 
treatment knowledge among selected rural patent and proprietary medicine vendors (PPMV) in Nige-
ria. Malar J. 2019;18(1):103. https://doi.org/10.1186/s12936-019-2732-z PMID: 30917835

	50.	 Kalinga AK, Mwanziva C, Chiduo S, Mswanya C, Ishengoma DI, Francis F, et al. Comparison of visual 
and automated Deki reader interpretation of malaria rapid diagnostic tests in rural Tanzanian military 
health facilities. Malar J. 2018;17(1):214. https://doi.org/10.1186/s12936-018-2363-9 PMID: 29843721

	51.	 Ministério da Saúde. Guia Nacional de diagnóstico laboratorial do Paludismo, Cabo Verde; 2013. p.1–56.

	52.	 Ministério da Saúde. Protocolo Nacional de Controlo de Qualidade Do diagnóstico Laboratorial do 
Paludismo, Cabo Verde; 2013. p.1–11.

	53.	 DePina AJ, Pires CM, Andrade AJB, Dia AK, Moreira AL, Ferreira MCM, et al. The prevalence of 
glucose-6-phosphate dehydrogenase deficiency in the Cape Verdean population in the context of 
malaria elimination. PLoS One. 2020;15(3):e0229574. https://doi.org/10.1371/journal.pone.0229574 
PMID: 32176714

	54.	 Phyo AP, Nosten F. The Artemisinin Resistance in Southeast Asia: an imminent global threat to 
malaria elimination. In Towards malaria elimination - a leap forward. In Tech; 2018. https://doi.
org/10.5772/intechopen.76519

	55.	 Ouji M, Augereau J-M, Paloque L, Benoit-Vical F. Plasmodium falciparum resistance to artemisinin-based 
combination therapies: a sword of Damocles in the path toward malaria elimination. Parasite. 2018;25:24. 
https://doi.org/10.1051/parasite/2018021 PMID: 29676250

	56.	 Heller LE, Roepe PD. Artemisinin-based antimalarial drug therapy: molecular pharmacology and 
evolving resistance. Trop Med Infect Dis. 2019;4(2):89. https://doi.org/10.3390/tropicalmed4020089 
PMID: 31167396

	57.	 Ministério da Saúde. Plano de Prevenção da reintrodução do Paludismo em Cabo Verde, 2023–2025.

	58.	 Tatem AJ, Jia P, Ordanovich D, Falkner M, Huang Z, Howes R, et al. The geography of imported 
malaria to non-endemic countries: a meta-analysis of nationally reported statistics. Lancet Infect Dis. 
2017;17(1):98–107. https://doi.org/10.1016/S1473-3099(16)30326-7 PMID: 27777030

	59.	 Ferreira MU, Castro MC. Challenges for malaria elimination in Brazil. Malar J. 2016;15(1):284. https://
doi.org/10.1186/s12936-016-1335-1 PMID: 27206924

	60.	 Dharmawardena P, Premaratne RG, Gunasekera WMKT de AW, Hewawitarane M, Mendis K, Fer-
nando D. Characterization of imported malaria, the largest threat to sustained malaria elimination 
from Sri Lanka. Malar J. 2015;14:177. https://doi.org/10.1186/s12936-015-0697-0 PMID: 25902716

	61.	 Steketee RA, Alzarhrani MH, Castro MC, Siqueira AM, Katabarwa MN, Xu J, et al. Evidence review 
group on border malaria. World Health Organization; 2018.

	62.	 Chiyaka C, Tatem AJ, Cohen JM, Gething PW, Johnston G, Gosling R, et al. Infectious disease. 
The stability of malaria elimination. Science. 2013;339(6122):909–10. https://doi.org/10.1126/sci-
ence.1229509 PMID: 23430640

	63.	 Saldanha R, Mosnier É, Barcellos C, Carbunar A, Charron C, Desconnets J-C, et al. Contributing to 
elimination of cross-border malaria through a standardized solution for case surveillance, data shar-
ing, and data interpretation: development of a cross-border monitoring system. JMIR Public Health 
Surveill. 2020;6(3):e15409. https://doi.org/10.2196/15409 PMID: 32663141

	64.	 Sturrock HJW, Roberts KW, Wegbreit J, Ohrt C, Gosling RD. Tackling imported malaria: an elimina-
tion endgame. Am J Trop Med Hyg. 2015;93(1):139–44. https://doi.org/10.4269/ajtmh.14-0256 PMID: 
26013369

	65.	 Unwin HJT, Routledge I, Flaxman S, Rizoiu M-A, Lai S, Cohen J, et al. Using Hawkes processes 
to model imported and local malaria cases in near-elimination settings. PLoS Comput Biol. 
2021;17(4):e1008830. https://doi.org/10.1371/journal.pcbi.1008830 PMID: 33793564

	66.	 Alves J, Gomes B, Rodrigues R, Silva J, Arez AP, Pinto J, et al. Mosquito fauna on the Cape 
Verde Islands (West Africa): an update on species distribution and a new finding. J Vector Ecol. 
2010;35(2):307–12. https://doi.org/10.1111/j.1948-7134.2010.00087.x PMID: 21175936

	67.	 Leal SV, Varela IB, Monteiro DD, Sousa CM, Mendonça ML, DePina AJ et al. Update on the compo-
sition and distribution of the mosquito fauna (Diptera: Culicidae) on Cabo Verde, a country at risk for 
mosquito-borne diseases. J Med Entomol. 2024;61(4):919–24. https://doi.org/10.1093/jme/tjae053

http://www.ncbi.nlm.nih.gov/pubmed/19797808
https://doi.org/10.1186/s12936-018-2613-x
http://www.ncbi.nlm.nih.gov/pubmed/30547795
https://doi.org/10.1186/s12936-019-2732-z
http://www.ncbi.nlm.nih.gov/pubmed/30917835
https://doi.org/10.1186/s12936-018-2363-9
http://www.ncbi.nlm.nih.gov/pubmed/29843721
https://doi.org/10.1371/journal.pone.0229574
http://www.ncbi.nlm.nih.gov/pubmed/32176714
https://doi.org/10.5772/intechopen.76519
https://doi.org/10.5772/intechopen.76519
https://doi.org/10.1051/parasite/2018021
http://www.ncbi.nlm.nih.gov/pubmed/29676250
https://doi.org/10.3390/tropicalmed4020089
http://www.ncbi.nlm.nih.gov/pubmed/31167396
https://doi.org/10.1016/S1473-3099(16)30326-7
http://www.ncbi.nlm.nih.gov/pubmed/27777030
https://doi.org/10.1186/s12936-016-1335-1
https://doi.org/10.1186/s12936-016-1335-1
http://www.ncbi.nlm.nih.gov/pubmed/27206924
https://doi.org/10.1186/s12936-015-0697-0
http://www.ncbi.nlm.nih.gov/pubmed/25902716
https://doi.org/10.1126/science.1229509
https://doi.org/10.1126/science.1229509
http://www.ncbi.nlm.nih.gov/pubmed/23430640
https://doi.org/10.2196/15409
http://www.ncbi.nlm.nih.gov/pubmed/32663141
https://doi.org/10.4269/ajtmh.14-0256
http://www.ncbi.nlm.nih.gov/pubmed/26013369
https://doi.org/10.1371/journal.pcbi.1008830
http://www.ncbi.nlm.nih.gov/pubmed/33793564
https://doi.org/10.1111/j.1948-7134.2010.00087.x
http://www.ncbi.nlm.nih.gov/pubmed/21175936
https://doi.org/10.1093/jme/tjae053


PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004153  January 10, 2025 20 / 22

PLOS Global Public Health Malaria certification in Cabo Verde: The goal and challenges ahead

	68.	 Mahande A, Mosha F, Mahande J, Kweka E. Feeding and resting behaviour of malaria vector, Anoph-
eles arabiensis with reference to zooprophylaxis. Malaria J. 2007;6:100. https://doi.org/10.1186/1475-
2875-6-100 PMID: 17663787

	69.	 Ribeiro H, Ramos HC, Capela RA and Pires CA. Os mosquitos de Cabo Verde (Diptera: Culicidae) – 
sistemática, distribuição, bioecologia e importância médica. Lisboa: Junta de Investigações Científi-
cas do Ultramar; 1980.

	70.	 Coulibaly A. Mission de consultation entomologique au Cap Vert. Rapport de mission OMS; 2005.

	71.	 Diallo M. Mission de consultation des vecteurs du paludisme dans l’île de Santiago, Republique du 
Cabo Verde, Praia; 2003.

	72.	 Pinto J, Sousa CA, Arez AP, Alves J, Modiano D, Petrarca V. Assessment of malaria transmission in 
an area with very low mosquito density. Parasitology. 1999;59:23–6.

	73.	 Bhunia GS, Siddiqui NA, Shit PK, Chatterjee N, Sinha SK. Spatial clustering of Plasmodium falci-
parum in Bihar (India) from 2007 to 2015. Spat Inf Res. 2016;24(6):639–48. https://doi.org/10.1007/
s41324-016-0061-7

	74.	 Leal S, Sousa C, Monteiro D, Mendonça ML, Gonçalves A, DePina AJ. The geographical dis-
tribution of the malaria vector Anopheles arabiensis in Cabo Verde, 2016-2023. Front Trop Dis. 
2024;5:1353839. https://doi.org/10.3389/fitd.2024.1353839

	75.	 World Health Organization. Global vector control response 2017–2030. WHO; 2017. Available from: 
https://www.who.int/publications/i/item/9789241512978

	76.	 Gari T, Lindtjørn B. Reshaping the vector control strategy for malaria elimination in Ethiopia in the 
context of current evidence and new tools: opportunities and challenges. Malar J. 2018;17(1):454. 
https://doi.org/10.1186/s12936-018-2607-8 PMID: 30518395

	77.	 Hemingway J, Shretta R, Wells TNC, Bell D, Djimdé AA, Achee N, et al. Tools and strategies for 
malaria control and elimination: what do we need to achieve a grand convergence in malaria?. PLoS 
Biol. 2016;14(3):e1002380. https://doi.org/10.1371/journal.pbio.1002380 PMID: 26934361

	78.	 Ministério da Saúde. Manual da Luta Integrada de Vetores, Cabo Verde; 2015. p. 1–116.

	79.	 Ruktanonchai NW, DeLeenheer P, Tatem AJ, Alegana VA, Caughlin TT, Zu Erbach-Schoenberg E, et 
al. Identifying malaria transmission foci for elimination using human mobility data. PLoS Comput Biol. 
2016;12(4):e1004846. https://doi.org/10.1371/journal.pcbi.1004846 PMID: 27043913

	80.	 Rehwagen C. WHO recommends DDT to control malaria. BMJ. 2006; ;333(7569):622. https://doi.
org/10.1136/bmj.333.7569.622-b PMID: 16990319

	81.	 DePina A, Namountougou M, Leal S, Varela I, Monteiro D. Susceptibility of Anopheles gambiae sensu 
lato to the insecticides in Praia, Cape Verde: a country in the pre-elimination of malaria. Vector Bio J. 
2018;3(2).

	82.	 Pires S, Alves J, Dia I, Gómez LF. Susceptibility of mosquito vectors of the city of Praia, Cabo Verde, 
to Temephos and Bacillus thuringiensis var israelensis. PLoS One. 2020;15(6):e0234242. https://doi.
org/10.1371/journal.pone.0234242 PMID: 32520941

	83.	 da Cruz DL, Paiva MH, Guedes DR, de Souza Gomes EC, Pires SG, Gomez LF, et al. First report 
of the L1014F kdr mutation in wild populations of Anopheles arabiensis in Cabo Verde, West Africa. 
Parasit Vectors. 2021;14(1):1–7.

	84.	 Alves J, Roque AL, Cravo P, Valdez T, Jelinek T, Rosário VE do, et al. Epidemiological character-
ization of Plasmodium falciparum in the Republic of Cabo Verde: implications for potential large-
scale re-emergence of malaria. Malar J. 2006;532. https://doi.org/10.1186/1475-2875-5-32 PMID: 
16630349

	85.	 Habtewold T, Prior A, Torr SJ, Gibson G. Could insecticide-treated cattle reduce Afrotropical malaria 
transmission? Effects of deltamethrin-treated Zebu on Anopheles arabiensis behaviour and survival 
in Ethiopia. Med Vet Entomol. 2004;18(4):408–17. https://doi.org/10.1111/j.0269-283X.2004.00525.x 
PMID: 15642008

	86.	 Moiroux N, Chandre F, Hougard J-M, Corbel V, Pennetier C. Remote effect of insecticide-treated nets 
and the personal protection against malaria mosquito bites. PLoS One. 2017;12(1):e0170732. https://
doi.org/10.1371/journal.pone.0170732 PMID: 28129371

	87.	 Mendis C, Jacobsen JL, Gamage-Mendis A, Bule E, Dgedge M, Thompson R, et al. Anopheles 
arabiensis and An. funestus are equally important vectors of malaria in Matola coastal suburb of 
Maputo, southern Mozambique. Med Vet Entomol. 2000;14(2):171–80. https://doi.org/10.1046/j.1365-
2915.2000.00228.x PMID: 10872861

	88.	 Diabate A, Tripet F. Targeting male mosquito mating behaviour for malaria control. Parasit Vectors. 
2015;8:347. https://doi.org/10.1186/s13071-015-0961-8 PMID: 26113015

https://doi.org/10.1186/1475-2875-6-100
https://doi.org/10.1186/1475-2875-6-100
http://www.ncbi.nlm.nih.gov/pubmed/17663787
https://doi.org/10.1007/s41324-016-0061-7
https://doi.org/10.1007/s41324-016-0061-7
https://doi.org/10.3389/fitd.2024.1353839
https://www.who.int/publications/i/item/9789241512978
https://doi.org/10.1186/s12936-018-2607-8
http://www.ncbi.nlm.nih.gov/pubmed/30518395
https://doi.org/10.1371/journal.pbio.1002380
http://www.ncbi.nlm.nih.gov/pubmed/26934361
https://doi.org/10.1371/journal.pcbi.1004846
http://www.ncbi.nlm.nih.gov/pubmed/27043913
https://doi.org/10.1136/bmj.333.7569.622-b
https://doi.org/10.1136/bmj.333.7569.622-b
http://www.ncbi.nlm.nih.gov/pubmed/16990319
https://doi.org/10.1371/journal.pone.0234242
https://doi.org/10.1371/journal.pone.0234242
http://www.ncbi.nlm.nih.gov/pubmed/32520941
https://doi.org/10.1186/1475-2875-5-32
http://www.ncbi.nlm.nih.gov/pubmed/16630349
https://doi.org/10.1111/j.0269-283X.2004.00525.x
http://www.ncbi.nlm.nih.gov/pubmed/15642008
https://doi.org/10.1371/journal.pone.0170732
https://doi.org/10.1371/journal.pone.0170732
http://www.ncbi.nlm.nih.gov/pubmed/28129371
https://doi.org/10.1046/j.1365-2915.2000.00228.x
https://doi.org/10.1046/j.1365-2915.2000.00228.x
http://www.ncbi.nlm.nih.gov/pubmed/10872861
https://doi.org/10.1186/s13071-015-0961-8
http://www.ncbi.nlm.nih.gov/pubmed/26113015


PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004153  January 10, 2025 21 / 22

PLOS Global Public Health Malaria certification in Cabo Verde: The goal and challenges ahead

	 89.	 Garrood WT, Cuber P, Willis K, Bernardini F, Page NM, Haghighat-Khah RE. Driving down malaria 
transmission with engineered gene drives. Front Genet. 2022;13:891218. https://doi.org/10.3389/
fgene.2022.891218 PMID: 36338968

	 90.	 Lima R. AMBIENTE, Cabo Verde num “mundo em choque climático”. A NAÇÃO; 2023; p. 840.

	 91.	 IPCC Sections. Climate change 2023: synthesis report. In Core Writing Team, Lee H, Romero J ed. 
Contribution of working groups I, II and III to the sixth assessment report of the intergovernmental 
panel on climate change. Geneva, Switzerland: IPCC; 2023. p 35–115 https://doi.org/10.59327/
IPCC/AR6-9789291691647

	 92.	 Wang C, Thakuri B, Roy AK, Mondal N, Qi Y, Chakraborty A. Changes in the associations between 
malaria incidence and climatic factors across malaria endemic countries in Africa and Asia-Pacific 
region. J Environ Manage. 2023;331:117264. https://doi.org/10.1016/j.jenvman.2023.117264 PMID: 
36634422

	 93.	 McMichael C. Climatic and environmental change, migration, and health. Annu Rev Public Health. 
2023;44:171–91. https://doi.org/10.1146/annurev-publhealth-071421-045148 PMID: 36542773

	 94.	 Ebi KL, Vanos J, Baldwin JW, Bell JE, Hondula DM, Errett NA, et al. Extreme weather and climate 
change: population health and health system implications. Annu Rev Public Health. 2021;42:293–
315. https://doi.org/10.1146/annurev-publhealth-012420-105026 PMID: 33406378

	 95.	 Romanello M, McGushin A, Di Napoli C, Drummond P, Hughes N, Jamart L. The 2021 report 
of the Lancet Countdown on health and climate change: code red for a healthy future. Lancet. 
2021;398:1619–62. https://doi.org/10.1016/S0140-6736(21)02429-6 PMID: 34687662

	 96.	 Nissan H, Ukawuba I, Thomson M. Climate-proofing a malaria eradication strategy. Malar J. 
2021;20(1):190. https://doi.org/10.1186/s12936-021-03718-x PMID: 33865383

	 97.	 Sinka ME, Golding N, Massey NC, Wiebe A, Huang Z, Hay SI, et al. Modelling the relative abun-
dance of the primary African vectors of malaria before and after the implementation of indoor, 
insecticide-based vector control. Malar J. 2016;15:142. https://doi.org/10.1186/s12936-016-1187-8 
PMID: 26945997

	 98.	 Liu Q, Wang Y, Deng J, Yan W, Qin C, Du M, et al. Association of temperature and precipitation with 
malaria incidence in 57 countries and territories from 2000 to 2019: A worldwide observational study. 
J Glob Health. 2024;14:04021. https://doi.org/10.7189/jogh.14.04021 PMID: 38385445

	 99.	 Leal Filho W, May J, May M, Nagy GJ. Climate change and malaria: some recent trends of malaria 
incidence rates and average annual temperature in selected sub-Saharan African countries from 
2000 to 2018. Malar J. 2023;22(1):248. https://doi.org/10.1186/s12936-023-04682-4 PMID: 37641080

	100.	 Monroe A, Moore S, Koenker H, Lynch M, Ricotta E. Measuring and characterizing night time human 
behaviour as it relates to residual malaria transmission in sub-Saharan Africa: a review of the pub-
lished literature. Malar J. 2019;18(1):6. https://doi.org/10.1186/s12936-019-2638-9 PMID: 30634963

	101.	 Tirados I, Costantini C, Gibson G, Torr SJ. Blood-feeding behaviour of the malarial mosquito Anoph-
eles arabiensis: implications for vector control. Med Vet Entomol. 2006;20(4):425–37. https://doi.
org/10.1111/j.1365-2915.2006.652.x PMID: 17199754

	102.	 Killeen GF, Govella NJ, Lwetoijera DW, Okumu FO. Most outdoor malaria transmission by 
behaviourally-resistant Anopheles arabiensis is mediated by mosquitoes that have previously been 
inside houses. Malar J. 2016;15225. https://doi.org/10.1186/s12936-016-1280-z PMID: 27093890

	103.	 Gatton ML, Chitnis N, Churcher T, Donnelly MJ, Ghani AC, Godfray HCJ, et al. The importance of 
mosquito behavioural adaptations to malaria control in Africa. Evolution. 2013;67(4):1218–30. https://
doi.org/10.1111/evo.12063 PMID: 23550770

	104.	 White MT, Conteh L, Cibulskis R, Ghani AC. Costs and cost-effectiveness of malaria control 
interventions--a systematic review. Malar J. 2011;10:337. https://doi.org/10.1186/1475-2875-10-337 
PMID: 22050911

	105.	 Sougoufara S, Doucouré S, Backé Sembéne PM, Harry M, Sokhna C. Challenges for malaria vector 
control in sub-Saharan Africa: resistance and behavioral adaptations in Anopheles populations. J 
Vector Borne Dis. 2017;54(1):4–15. https://doi.org/10.4103/0972-9062.203156 PMID: 28352041

	106.	 Monroe A, Moore S, Olapeju B, Merritt AP, Okumu F. Unlocking the human factor to increase effec-
tiveness and sustainability of malaria vector control. Malar J. 2021;20(1):404. https://doi.org/10.1186/
s12936-021-03943-4 PMID: 34656116

	107.	 Ansah EK, Moucheraud C, Arogundade L, Rangel GW. Rethinking integrated service deliv-
ery for malaria. PLOS Glob Public Health. 2022;2(6):e0000462. https://doi.org/10.1371/journal.
pgph.0000462 PMID: 36962405

https://doi.org/10.3389/fgene.2022.891218
https://doi.org/10.3389/fgene.2022.891218
http://www.ncbi.nlm.nih.gov/pubmed/36338968
https://doi.org/10.59327/IPCC/AR6-9789291691647
https://doi.org/10.59327/IPCC/AR6-9789291691647
https://doi.org/10.1016/j.jenvman.2023.117264
http://www.ncbi.nlm.nih.gov/pubmed/36634422
https://doi.org/10.1146/annurev-publhealth-071421-045148
http://www.ncbi.nlm.nih.gov/pubmed/36542773
https://doi.org/10.1146/annurev-publhealth-012420-105026
http://www.ncbi.nlm.nih.gov/pubmed/33406378
https://doi.org/10.1016/S0140-6736(21)02429-6
http://www.ncbi.nlm.nih.gov/pubmed/34687662
https://doi.org/10.1186/s12936-021-03718-x
http://www.ncbi.nlm.nih.gov/pubmed/33865383
https://doi.org/10.1186/s12936-016-1187-8
http://www.ncbi.nlm.nih.gov/pubmed/26945997
https://doi.org/10.7189/jogh.14.04021
http://www.ncbi.nlm.nih.gov/pubmed/38385445
https://doi.org/10.1186/s12936-023-04682-4
http://www.ncbi.nlm.nih.gov/pubmed/37641080
https://doi.org/10.1186/s12936-019-2638-9
http://www.ncbi.nlm.nih.gov/pubmed/30634963
https://doi.org/10.1111/j.1365-2915.2006.652.x
https://doi.org/10.1111/j.1365-2915.2006.652.x
http://www.ncbi.nlm.nih.gov/pubmed/17199754
https://doi.org/10.1186/s12936-016-1280-z
http://www.ncbi.nlm.nih.gov/pubmed/27093890
https://doi.org/10.1111/evo.12063
https://doi.org/10.1111/evo.12063
http://www.ncbi.nlm.nih.gov/pubmed/23550770
https://doi.org/10.1186/1475-2875-10-337
http://www.ncbi.nlm.nih.gov/pubmed/22050911
https://doi.org/10.4103/0972-9062.203156
http://www.ncbi.nlm.nih.gov/pubmed/28352041
https://doi.org/10.1186/s12936-021-03943-4
https://doi.org/10.1186/s12936-021-03943-4
http://www.ncbi.nlm.nih.gov/pubmed/34656116
https://doi.org/10.1371/journal.pgph.0000462
https://doi.org/10.1371/journal.pgph.0000462
http://www.ncbi.nlm.nih.gov/pubmed/36962405


PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004153  January 10, 2025 22 / 22

PLOS Global Public Health Malaria certification in Cabo Verde: The goal and challenges ahead

	108.	 Kaiser RL. Epidemiology of malaria eradication. 3. The role of surveillance in a malaria eradication 
program. Am J Public Health Nations Health. 1966;56(1):90–3. https://doi.org/10.2105/ajph.56.1.90 
PMID: 5901437

	109.	 Viswanathan DK. Mechanism and procedures of surveillance in malaria eradication. Geneva: World 
Health Organization; 1959.

	110.	 Afrane YA, Abdulai A, Mohammed AR, Akuamoah-Boateng Y, Owusu-Asenso CM, Sraku IK, et al. 
Detection of Invasive Anopheles stephensi Mosquitoes through Molecular Surveillance, Ghana. 
Emerg Infect Dis. 2024;30(3):605–8. https://doi.org/10.3201/eid3003.231638 PMID: 38316032

	111.	 The malERA Consultative Group on Monitoring, Evaluation, and Surveillance. A research agenda 
for malaria eradication: monitoring, evaluation, and surveillance. PLoS Med. 2011; 8(1):e1000400. 
https://doi.org/10.1371/journal.pmed.1000400 PMID: 21311581

	112.	 Roll Back Malaria Partnership. Framework for monitoring progress and evaluating outcomes and 
impact. 2010. Available from: http://www.rollbackmalaria.org/.cmc_upload/0/000/012/168/m_e_en.pdf

	113.	 Pull JH. Malaria surveillance methods, their use, and limitations. Geneva: World Health Organiza-
tion; 1978. Report No.: WHO/MAL/72.767.

	114.	 Arez AP, Snounou G, Pinto J, Sousa CA, Modiano D, Ribeiro H, et al. A clonal Plasmodium falci-
parum population in an isolated outbreak of malaria in the Republic of Cabo Verde. Parasitology. 
1999;118 (Pt 4)347–55. https://doi.org/10.1017/s0031182099003972 PMID: 10340324

	115.	 Hassan AN, Kenawy MA, Kamal H, Abdel Sattar AA, Sowilem MM. GIS-based prediction of malaria 
risk in Egypt. East Mediterr Health J. 2003;9(4):548–58. https://doi.org/10.26719/2003.9.4.548 
PMID: 15748052

	116.	 Hay SI, Omumbo JA, Craig MH, Snow RW. Earth observation, geographic information systems and 
Plasmodium falciparum malaria in sub-Saharan Africa. Adv Parasitol. 2000;47173–215. https://doi.
org/10.1016/s0065-308x(00)47009-0 PMID: 10997207

	117.	 Ministério da Saúde, Cabo Verde. Guia Técnico de Vigilância Integrada e Resposta. Cabo Verde; 
2005.

	118.	 Avaliação externa conjunta das principais capacidades do RSI da República de Cabo Verde: 
relatório de missão, 4-8 novembro 2019. Genebra: Organização Mundial da Saúde; 2020. Licença: 
CC BY-NC-SA 3.0 IGO.

	119.	 DePina AJ, Dia AK, de Ascenção Soares Martins A, Ferreira MC, Moreira AL, Leal SV, et al. Knowl-
edge, attitudes and practices about malaria in Cabo Verde: a country in the pre-elimination context. 
BMC Public Health. 2019;19(1):850. https://doi.org/10.1186/s12889-019-7130-5 PMID: 31262268

	120.	 Da Veiga Leal S, Ward D, Campino S, Benavente ED, Ibrahim A, Claret T, et al. Drug resistance 
profile and clonality of Plasmodium falciparum parasites in Cape Verde: the 2017 malaria outbreak. 
Malar J. 2021;20(1):172. https://doi.org/10.1186/s12936-021-03708-z PMID: 33789667

	121.	 Gonçalves A, Dias A, Monteiro D, Varela I, da Veiga Leal S. Blood meal survey reveals insights into 
mosquito borne diseases on the island of Santiago, Cape Verde. Front Trop Dis. 2023;4:1070172. 
https://doi.org/10.3389/fitd.2023.1070172

	122.	 Xu J-W, Lin Z-R, Zhou Y-W, Lee R, Shen H-M, Sun X-D, et al. Intensive surveillance, rapid 
response and border collaboration for malaria elimination: China Yunnan’s ’ “3 + 1”’strategy. Malar J. 
2021;20(1):396. https://doi.org/10.1186/s12936-021-03931-8 PMID: 34627264

	123.	 Cao Y, Lu G, Zhou H, Wang W, Liu Y, Yang M, et al. Case-based malaria surveillance and response: 
implementation of 1-3-7 approach in Jiangsu Province, China. Adv Parasitol. 2022;1161–31. https://
doi.org/10.1016/bs.apar.2022.04.003 PMID: 35752445

	124.	 Sikaala CH, Dlamini B, Lungu A, Fakudze P, Chisenga M, Siame CL, et al. Malaria elimination and the 
need for intensive inter-country cooperation. a critical evaluation of regional technical co-operation in 
Southern Africa. Malar J. 2024;23(1):62. https://doi.org/10.1186/s12936-024-04891-5 PMID: 38419105

	125.	 Opigo J, Guyer AL. Rethinking communications for governance of malaria programs. PLOS Glob 
Public Health. 2023;3(7):e0001132. https://doi.org/10.1371/journal.pgph.0001132 PMID: 37523349

https://doi.org/10.2105/ajph.56.1.90
http://www.ncbi.nlm.nih.gov/pubmed/5901437
https://doi.org/10.3201/eid3003.231638
http://www.ncbi.nlm.nih.gov/pubmed/38316032
https://doi.org/10.1371/journal.pmed.1000400
http://www.ncbi.nlm.nih.gov/pubmed/21311581
http://www.rollbackmalaria.org/.cmc_upload/0/000/012/168/m_e_en.pdf
https://doi.org/10.1017/s0031182099003972
http://www.ncbi.nlm.nih.gov/pubmed/10340324
https://doi.org/10.26719/2003.9.4.548
http://www.ncbi.nlm.nih.gov/pubmed/15748052
https://doi.org/10.1016/s0065-308x(00)47009-0
https://doi.org/10.1016/s0065-308x(00)47009-0
http://www.ncbi.nlm.nih.gov/pubmed/10997207
https://doi.org/10.1186/s12889-019-7130-5
http://www.ncbi.nlm.nih.gov/pubmed/31262268
https://doi.org/10.1186/s12936-021-03708-z
http://www.ncbi.nlm.nih.gov/pubmed/33789667
https://doi.org/10.3389/fitd.2023.1070172
https://doi.org/10.1186/s12936-021-03931-8
http://www.ncbi.nlm.nih.gov/pubmed/34627264
https://doi.org/10.1016/bs.apar.2022.04.003
https://doi.org/10.1016/bs.apar.2022.04.003
http://www.ncbi.nlm.nih.gov/pubmed/35752445
https://doi.org/10.1186/s12936-024-04891-5
http://www.ncbi.nlm.nih.gov/pubmed/38419105
https://doi.org/10.1371/journal.pgph.0001132
http://www.ncbi.nlm.nih.gov/pubmed/37523349

