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1. Background 

In recent years, Anopheles stephensi, an efficient urban malaria vector for both Plasmodium 
falciparum and P. vivax, has been reported in four countries outside of the previously known 
geographical range, which was considered to be confined to certain countries in South-East Asia and 
large parts of the Arabian Peninsula.  

The first detection outside the traditional geographical range was reported in Djibouti in 2012, in an 
area between Djibouti City and the Somalian border (1). A follow-up study from 2013 to 2017 
confirmed the presence of An. stephensi mosquitoes in Djibouti City 2017 (2). In addition, in 2016, the 
vector was detected for the first time in Mannar Island in Sri Lanka, five years after the country 
achieved zero malaria transmission (3). Subsequently, An. stephensi was reported in Ethiopia’s Somali 
Regional State (4) and, most recently, in the Red Sea and Gedaref states in East Sudan (Ayman Ahmed, 
personal communication).  

Experiences gained within the traditional geographical range of An. stephensi have shown that it can 
be a highly efficient malaria vector, particularly when it establishes itself in urban environments. Some 
of the An. stephensi specimens collected in Djibouti City were positive for P. falciparum sporozoites. 
The presence of this vector has been linked to the unusual urban malaria outbreak in Djibouti City in 
2012. 

The detection of An. stephensi in countries outside its established range poses a potential threat to 
malaria control and elimination. In Sri Lanka, the emergence of this vector could jeopardize efforts to 
prevent the reintroduction of malaria. In Africa, given the rapid and uncontrolled growth of cities, the 
potential establishment of this vector in urban environments could put at risk the reductions in 
malaria burden achieved since 2000.    

2. Objectives of the Technical Consultation 

The World Health Organization (WHO) plays a key role in monitoring threats to malaria control, 
elimination and prevention of re-establishment, and in providing guidance to Member States on how 
to manage these threats. Recognizing the emergence and spread of An. stephensi through the Horn 
of Africa and Sudan as a potential threat, WHO convened a Technical Consultation to assess the 
current evidence on this potential threat and to define a response strategy. 
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3. Specific activities of the technical consultation 

● To review published and unpublished evidence on the presence of An. stephensi outside of its 
traditional geographic range; 

● To review efforts to model potential areas at risk for An. stephensi introduction and assess – 
to the extent feasible – the potential risk for further spread beyond the vector’s previously 
reported geographic range; 

● To review knowledge on An. stephensi’s bionomics and biology, and analyse differences 
between vector populations in Asia and Africa to identify suitable control practices for each 
area where the vector is present; 

● To review countries’ experiences of controlling An. stephensi where it has been traditionally 
present, with the aim of identifying best practices and the main challenges in the control of 
this species; 

● To review the status of An. stephensi resistance to different insecticide classes; 

● To recommend surveillance and control strategies to address the threat posed by the spread 
of An. stephensi and surveillance indicators to assess the impact of control interventions. 

4. Proceedings 

This Technical Consultation was convened by WHO’s Global Malaria Programme (GMP) on 25–27 June 
2019. The agenda is provided in Annex 1 and the list of meeting participants in Annex 2.  

4.1 Opening and orientation  

The meeting was opened by Dr Jan Kolaczinski (WHO/GMP). Subsequently, all attendees introduced 
themselves in a session led by the chair, Dr Kezia Malm (National Malaria Control Programme, Ghana). 
The Declarations of Interest were disclosed to the advisors and committee members. Based on WHO’s 
review of the declared interests, it was decided that none of the declarations constituted a conflict of 
interest in this context and that the considered experts could participate in the meeting, subject to 
the public disclosure of their interests. The Statement of Declarations of Interests was read out to the 
meeting participants and is provided in Annex 3. 

As specified in the Terms of Reference, the meeting focused on the urgent need to review the current 
evidence on the distribution, surveillance and control of An. stephensi, followed by detailed 
discussions on the morphology, vector bionomics, potential areas at risk through modelling, and 
resistance to insecticides. Emphasis was placed on the need to successfully detect and control this 
invasive vector to prevent it from spreading to new geographic locations.  

The sub-sections follow the specific meeting objectives and provide summaries of the various 
presentations and discussions over the course of the three-day meeting. 

4.2  Summary of oral presentations 

4.2.1 Current understanding on the spread of An. stephensi to new geographical areas 

The oral presentations on day one commenced with Dr Manonath Marasinghe (Anti-Malaria 
Campaign, Colombo, Sri Lanka), who discussed the detection and spread of An. stephensi in Sri Lanka. 
Surveillance in Sri Lanka is focused on both coastal and inland rural and peri-urban environments. An. 
stephensi was first detected on Mannar Island in December 2016, leading to enhanced surveillance. 
This presentation was followed by Dr Sinnathamby N. Surendran (University of Jaffna, Sri Lanka), who 
presented on the genotype and biotype of An. stephensi detected in Sri Lanka. The evidence shows 
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that the type form is highly competent and capable of spreading malaria in rural and urban 
environments. The presentations noted the geographical locations where An. stephensi has been 
detected.  

The next presentation was delivered by Professor Dr Michael Faulde (University Clinics, Bonn, 
Germany) on the introduction of An. stephensi to Djibouti and the ensuing resurgence of malaria. The 
presentation focused on the detection timeline of An. stephensi in Djibouti and other countries in the 
Horn of Africa, and potential urban hotspots.   

The next set of presentations focused on Ethiopia. Dr Solomon Yared (Jigjiga University, Ethiopia) and 
Dr Tamar Carter (Baylor University, United States of America) presented their findings on the 
detection and insecticide susceptibility of An. stephensi in eastern Ethiopia. The data showed the 
presence of many anopheline species in urban water reservoirs. Discussion then centred on the quality 
of field collection and identification. Dr Carter presented on the molecular analysis, showing that An. 
stephensi has high genetic diversity in Ethiopia and possibly has metabolic resistance to certain 
insecticides. Further discussion centred on future directions of population and molecular data.  

Mr Ayman Ahmed (University of Khartoum, Sudan) delivered a presentation via phone, as he was 
unable to participate in person. He presented the first-ever report of An. stephensi in Sudan, where 
the vector was coincidentally identified as part of a study on insecticide resistance in malaria vectors. 
Morphological and sequence-based identification confirmed the presence of An. stephensi in two 
states in East Sudan: Red Sea and Gedaref. 

The presentations continued with Dr Courtney Murdock (University of Georgia, USA), who presented 
her assessment of the environmental suitability of An. stephensi in African cities. Information focused 
on predictive population growth rates at optimal thermal conditions. This was followed by a 
presentation by Dr Marianne Sinka (University of Oxford, United Kingdom) on predicting the potential 
for An. stephensi invasion across sub-Saharan Africa. While explaining the predictive modelling, the 
presentation highlighted the knowledge gaps we currently face in understanding the geographical 
range of An. stephensi.  

4.2.2 An. stephensi surveillance, control and invasion response  

Dr Rajpal Yadav (Department of Control of Neglected Tropical Diseases, WHO, Geneva, Switzerland) 
presented on An. stephensi distribution and control in urban and rural areas of India, focusing on the 
prevalence and most effective surveillance techniques. This presentation was complemented by Dr 
Naveen Rai Tuli (Municipal Corporation of Delhi, India), who reported on the Urban Malaria Scheme 
in India, which is a unique surveillance and control programme for An. stephensi (and other mosquito 
species) in the city of Delhi. The presentation outlined the core activities of the programme, namely 
to increase community literacy and trust, and to carry out larval collection and methodical 
surveillance. This programme has been built to adapt to the ever-changing ecology of the mosquito 
population.  

Dr Manonath Marasinghe (Anti-Malaria Campaign, Colombo, Sri Lanka) focused on the surveillance 
and control response in Sri Lanka. As in India, Sri Lanka implements enhanced surveillance activities 
that continuously check for presence of malaria vectors, including An. stephensi.  

Colonel Dr Abdoulilah Ahmed Abdi (Counsellor to the President of Djibouti) presented on the 
surveillance and control practices in Djibouti. The work to date has focused on understanding the 
intersections of urbanization and human population movement with An. stephensi distribution.  

Dr Ahmadali Enayati (Mazandaran University of Medical Sciences, Sari, Islamic Republic of Iran) 
presented on surveillance of insecticide resistance and the resulting control practices in Iran, where 
similar surveillance and control practices are implemented as in other countries. Additionally, the 
presentation provided details on insecticide resistance of An. stephensi in Iran.  
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The next set of presentations focused on Ethiopia. Dr Meshesha Managido (PMI Vector Link Project, 
Ethiopia) presented on larval and adult surveys in 10 sites in eastern Ethiopia, illustrating how 
surveillance is being conducted. Fitsum Tadesse (Malaria and NTD Directorate, Ethiopia) presented on 
the ability of An. stephensi collected in Ethiopia to transmit malaria parasites. Dr Delensaw Yewhalaw 
(Jimma University, Ethiopia) presented on plans for An. stephensi research in Jimma. Mr Mebrahtom 
Haile Zeweli (In Charge of Malaria Focal Point, Ethiopia) presented on the nation’s response to this 
new vector, including information on the capacity of An. stephensi to be a malaria vector and the need 
to create a working group to coordinate the response against this invasive vector.  

The next group of presentations dealt with the new tools for surveillance and control. Dr Mike Reddy 
(Microsoft Research) presented on Project ‘Premonition’, which is a scalable biome monitoring device. 
The device attempts to utilize artificial intelligence and novel sensor packages to detect, identify and 
capture mosquitoes and determine their genomic contents using advanced metagenomic methods to 
aid in the surveillance and control of a wide range of insects, one of which is An. stephensi. Dr Laura 
Norris (Bill & Melinda Gates Foundation) discussed the Foundation’s research objectives in terms of 
investing in An. stephensi control. This led to a presentation by Dr Kevin Gorman (Oxitec Limited, 
United Kingdom) on Oxitec’s genetic self-limiting gene-drive for An. stephensi. The self-limiting 
construct for An. stephensi that is currently under development is building on Oxitec’s Friendly™ safe, 
non-biting male mosquitoes, which are designed to suppress local wild populations of disease-
spreading mosquitoes. Friendly™ mosquitoes carry a self-limiting gene, which means that when 
Friendly™ mosquito males mate with wild females, their offspring inherit a copy of this gene, which 
prevents females from surviving to adulthood. Since these females do not mature to reproduce, there 
is a reduction in the wild pest population. Male offspring survive, carrying a copy of the self-limiting 
gene; in turn, these males pass the self-limiting gene to half of their offspring, of which female carriers 
of the gene cannot survive. Presence of the self-limiting gene thereby declines over time, potentially 
offering multiple but still self-limiting generations of suppression for every Friendly™ male mosquito 
released. The wild-type background genes, including those encoding for insecticide susceptibility, can 
introgress with the target mosquito species lineage. 

Urban malaria in Africa was presented by Professor Maureen Coetzee (University of Witwatersrand, 
Johannesburg, South Africa), who summarized and elucidated the relevant anopheline taxonomic 
studies on the continent of Africa.  

4.3  Summary of presentations and discussions 

4.3.1 Current known distribution 

An. stephensi, a highly competent vector of P. falciparum and P. vivax, is considered an efficient vector 
of urban malaria. In parts of India, An. stephensi (‘type’ and ‘intermediate’ biological forms) has also 
emerged as an efficient vector in rural areas as a result of changing agricultural and water storage 
practices. The ‘mysorensis’ form is considered to be a poor vector, although it has been involved in 
malaria transmission in certain rural areas in Iran and Afghanistan. Until 2011, the reported 
distribution of the vector was confined to certain countries in South-East Asia and the Arabian 
Peninsula. Since then, the vector has been reported in Djibouti (2012–2017), Ethiopia (2016), Sri Lanka 
(2017) and most recently Sudan (2019, unpublished report). In the Horn of Africa, the vector seems to 
be spreading from its first site of detection in Djibouti to neighbouring countries.  

4.3.2 The potential risk for further spread of An. stephensi 

The outcomes of two model-based mapping exercises were presented, indicating that An. stephensi 
could potentially emerge and thrive in other urban environments throughout Africa. However, more 
information is needed to reliably inform such modelling exercises to identify potential areas at risk 
and target surveillance and intervention responses accordingly. To aid in the development of 
mathematical and statistical models, a general consensus is needed on what data (variables) need to 
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be collected and how these will be incorporated. Temperature evaluations and human population 
densities seem to be two critical variables. In addition, information on breeding habitat availability 
and actual mosquito densities will be needed to validate the models. 

4.3.3 Bionomics and biology of An. stephensi 

It is worth noting that An. stephensi somewhat resembles An. gambiae s.l. morphologically. The 
current identification key (5) used throughout Africa does not include An. stephensi, which raises 
concerns about underestimating its current geographic range. Professor Maureen Coetzee has 
updated the identification key, which will be published soon. The WHO Vector Alert on An. stephensi, 
published shortly after the Technical Consultation, contains a brief key to separate this vector from 
the An. gambiae complex. Work is also ongoing through the WHO Department of the Control of 
Neglected Tropical Diseases (NTD) in line with the International Health Regulations (IHR 2005) to 
ensure vector surveillance and control at points of entry. The IHR (2005) represent an agreement 
among 196 countries, including all WHO Member States, to work together for global health security. 
The ongoing work of NTD and IHR (2005) is targeted at assisting port officers and focuses on all vectors 
of human pathogens, including mosquitoes, mites, ticks, rodents and fleas. The work is supported by 
the General Administration of Quality Supervision, Inspection and Quarantine of the People's Republic 
of China with respect to the development of a pictorial vector identification platform that uses only 
basic keys. This platform is under development. 

An. stephensi typically breeds in man-made containers or cisterns with clean water and appears to 
adapt itself quickly to the local environment, including adaptation to (i) cryptic habitats, including deep 
wells in extremely high temperatures during the dry season when malaria transmission normally 
reaches a seasonal low, (ii) polluted water, and (iii) saline water. Its immatures (i.e. larvae and pupae) 
often coexist in the same breeding sites as the immatures of Aedes aegypti and can coexist with 
immatures of An. varuna (Sri Lanka) and An. arabiensis (Ethiopia). It is worth noting that An. stephensi 
mosquitoes collected in Ethiopia were able to harbour P. vivax malaria in standard membrane-feeding 
assays, albeit in lower numbers than An. arabiensis (unpublished report). 

4.3.4 Experiences of controlling An. stephensi 

Experiences of controlling An. stephensi in Africa have been limited or absent. In India, Iran and 
Pakistan (the areas of the vector’s original distribution), vector control has been achieved through: 

● management of vector breeding sites in urban and peri-urban environments by removing 
breeding sites, sealing lids to water storage containers and treating water with WHO-
prequalified chemical and/or biological larvicides;  

● introduction of mechanical barriers (e.g., window and door screening) to prevent female 
mosquitoes from entering human dwellings; 

● enactment/introduction of by-laws to regulate water storage practices and construction work 
so as to avoid creation of potential breeding sites; 

● enforcement of IHR (2005) to ensure that airports and other points of entry/exit are free of 
vectors, specifically by disinfecting departing planes and ships; 

● raising public awareness about this mosquito species and sensitizing the public on preventing 
its proliferation. 

4.3.5 Resistance of An. stephensi to different insecticide classes 

An. stephensi mosquitoes that have invaded new geographical areas seem to generally have a genetic 
background that confers resistance to multiple insecticide classes. This poses potential challenges to 
its control. However, no data were presented on An. stephensi’s susceptibility to chemical classes used 
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in products recently prequalified by WHO (e.g., pyrroles, neonicotinoids). For example, in Jaffna (Sri 
Lanka), the invaded An. stephensi population is highly resistant to DDT (4%), malathion (5%) and 
deltamethrin (0.05%) (6). In this and other settings, however, it is not clear whether the insecticide 
resistance detected in the An. stephensi population has developed since the vector’s invasion or 
whether the vector arrived with an existing genetic background of insecticide resistance (6). 

5. Recommendations to WHO 

As demonstrated by the convening of this Technical Consultation, WHO considers the spread of An. 
stephensi to be a major potential threat to malaria control and elimination in Africa and southern Asia. 
The Technical Consultation recommended that WHO develop a Vector Alert document and post it 
online to urge WHO Member States and their implementing partners in and around the Horn of Africa, 
Sudan and the surrounding geographical areas, and Sri Lanka to take immediate action. It was 
recommended that the Vector Alert summarize the current evidence base on the invasion of An. 
stephensi outlined in section 4 of this report, as well as provide detailed recommendations. The 
following recommendations were developed by the Technical Consultation with a view to informing 
WHO communications on the subject:   

5.1 What should African countries, especially those in and around the Horn of Africa, do 
now? 

Countries should take the following actions: 

• Actively conduct surveillance for An. stephensi in urban and peri-urban areas through 
sampling of its aquatic stages, because methods for collecting adults yield low numbers. 
Typical breeding sites are human-made containers, particularly water storage containers 
inside and outside the home, rainwater collections, rooftops, wells, large human-made 
cisterns, and even clean water ponds. Given the overlap in breeding sites with those of Aedes 
spp., national malaria control programmes are encouraged to seek close collaboration with 
the national entities responsible for the control of arboviral vectors, as envisaged in the Global 
vector control response 2017–2030 (7). 

• Rear larvae or pupae to adults and identify An. stephensi based on the morphological 
characteristics of the adult female.  

• Describe the ecology of An. stephensi to help guide control measures.  

• Report any new detection of An. stephensi to WHO by completing the WHO form to report 
detection of invasive Anopheles vector species and emailing it to vectorsurveillance@who.int. 
The detection will then be displayed on the Malaria Threats Map. 

• If sufficient larvae or pupae are found, these should be reared to adult stage, so that 
insecticide resistance can be evaluated using WHO susceptibility test procedures. Test results 
should be reported to WHO alongside data on the occurrence of the vector. 

• Specimens should be preserved in Eppendorf tubes on silica gel for molecular analysis, both 
to confirm the initial morphological identification and to study population dynamics across a 
recently invaded area. Pinned voucher specimens should also be kept. 

• IHR (2005) should be enforced to ensure that any points of entry are free of vectors, to 
minimize the risk of any further spread of An. stephensi. 

https://www.who.int/vector-control/publications/global-control-response/en/
https://www.who.int/vector-control/publications/global-control-response/en/
https://www.dropbox.com/s/qo8z87spjne05xu/WHOGMP_Invasive_species_reporting_form.xlsm?dl=0
https://www.dropbox.com/s/qo8z87spjne05xu/WHOGMP_Invasive_species_reporting_form.xlsm?dl=0
mailto:vectorsurveillance@who.int
https://apps.who.int/malaria/maps/threats/
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5.2 What should countries do in areas where the vector has been detected? 

Where the vector has been detected, countries should do the following: 

• Undertake interventions directed against An. stephensi, with the aim of eliminating this 
species from the invaded areas. This will require an intense effort to enhance and expand the 
surveillance and control activities currently being implemented. 

• Ensure that the immediate focus for the control of An. stephensi is on managing vector 
breeding sites in urban and peri-urban environments. Recommended activities include: 

o removal of breeding sites, where feasible, including filling in of disused wells;  

o modification to prevent vector breeding, including the installation of hermetically 
sealed lids on water storage containers; and  

o where breeding site removal or modification is not feasible, treatment with WHO-
prequalified chemical or biological larvicides, following WHO guidelines. 

• Direct local authorities to map remaining breeding sites and inspect them for larval breeding 
once a week. 

• Install mechanical barriers (e.g., window and door screening) to prevent female mosquitoes 
from entering human dwellings. The aim is to reduce daytime resting opportunities and thus 
reduce both “dry season mosquito survival” and human exposure. 

• Enact or introduce by-laws to regulate water storage practices and construction work so as to 
avoid the creation of potential breeding sites. 

• Enforce IHR (2005) to ensure that airports and other points of exit are free of vectors. Treat 
departing aircraft and ships to remove insects, following WHO guidance.  

• Raise public awareness of this mosquito species, the aim being to contribute to reducing 
breeding sites and preventing the proliferation of the vector. 

5.3 How should interventions be monitored and evaluated? 

To monitor and evaluate, countries should do the following: 

• Given that experience with An. stephensi in Africa is limited or absent, base monitoring and 
evaluation activities on best practices drawn from experience gained in areas of the vector’s 
original distribution (e.g., in India and Iran, as described above). An active effort should be 
made to build an evidence base to inform the control and elimination of this vector in Africa. 

• To evaluate the effectiveness of antilarval interventions, monitor the presence or absence of 
An. stephensi larvae in identified breeding sites.  

• To evaluate the effectiveness of regulation and activities designed to reduce the number of 
urban and peri-urban breeding sites, or their suitability for mosquito breeding, survey these 
areas for the creation or presence of suitable breeding sites. 

  

https://www.who.int/ith/mode_of_travel/aircraft_disinsection/en/


 

Meeting report of the WHO technical consultation on the spread of Anopheles stephensi | 8 

 

6. References 

1. Faulde MK, Rueda LM, Khaireh BA. First record of the Asian malaria vector Anopheles 
stephensi and its possible role in the resurgence of malaria in Djibouti, Horn of Africa. Acta 
Trop. 2014;139:39–43. doi:10.1016/j.actatropica.2014.06.016. 

2. Seyfarth M, Khaireh BA, Abdi AA, Bouh SM, Faulde MK. Five years following first detection of 
Anopheles stephensi (Diptera: Culicidae) in Djibouti, Horn of Africa: populations established – 
malaria emerging. Parasitol Res. 2019;118(3):725–32. doi:10.1007/s00436-019-06213-0. 

3. Dharmasiri AGG, Perera AY, Harishchandra J, Herath H, Aravindan K, Jayasooriya HTR, et al. 
First record of Anopheles stephensi in Sri Lanka: a potential challenge for prevention of 
malaria reintroduction. Malar J. 2017;16:326. doi:10.1186/s12936-017-1977-7. 

4. Carter TE, Yared S, Gebresilassie A, Bonnell V, Damodaran L, Lopez K, et al. First detection of 
Anopheles stephensi Liston, 1901 (Diptera: culicidae) in Ethiopia using molecular and 
morphological approaches. Acta Trop. 2018;188:18–6. 
doi:10.1016/j.actatropica.2018.09.001. 

5. Gillies MT, Coetzee M. A supplement to the Anophelinae of Africa South of the Sahara 
(Afrotropical Region) (no. 55). Johannesburg: Publications of the South African Institute for 
Medical Research; 1987 
(https://www.researchgate.net/file.PostFileLoader.html?id=56fd61ab40485409782ce857&a
ssetKey=AS%3A345756520206337%401459446186893). 

6. Surendran SN, Sivabalakrishnan K, Sivasingham A, Jayadas TTP, Karvannan K, 
Santhirasegaram S, et al. Anthropogenic factors driving recent range expansion of the 
malaria vector Anopheles stephensi. Front Public Health. 2019;7:53. 
doi:10.3389/fpubh.2019.00053. 

7. Global vector control response 2017–2030. Geneva: World Health Organization; 2017 
(https://www.who.int/vector-control/publications/global-control-response/en/). 

 

 

 

 

 

 

 

 

 

 

 


