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Some of the questions upon detection of the invasive
mosquito in Africa

Is it just one more mosquito in a continent that hosts the most
competent malaria vectors?



Question #1

Would An. stephensi spread to a wider
geography in the continent?
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Question #2

Would An. stephensi be competent enough to support
transmission of African parasites?

Local adaptation of parasites and mosquitoes has a role to play in limiting the
contribution of an invasive mosquito to transmit allopatric parasite populations.

Hume 2007 MalarJ

Receptive — Refractory
An. freeborni, indigenousto North Indigenous European
America, is highly susceptible to many mosquitoes are almost
species of Plasmodium from widely completely refractory to

separated geographical areas tropical P. falciparum infection



An. stephensiis highly permissive
to local isolates

Tadesse 2020 Emerg Infect Dis
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Question #3

Would An. stephensi play a role in local
malaria transmission —in a unique way?




The establishment of An. stephensi in Djibouti was epidemiologically
linked with an upsurge in malaria
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* An. stephensi — year-round presence
* Pf and Pv reported in mosquitoes
* Pv for the first time in 2016 - 17% - 37% in 2017

Seyfarth 2019 Paras Research
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Tigray

Casecontrol studyin Dire Dawa: April

toJuly2022
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Butiji river: 57% of the larvae

Adult mosquitoes

Case control: All were An. stephensi
Aedes aegypti: 21% (62/290) of the

households

Resting sites: Animal shelters 75%

9°36'0'N 9°36'30'N 9°37'0'N

9°35'30'N

Areas with higher P. falciparum and
An. stephensi abundance overlap

o o © .
o (e]

® o o 0 °

° 9 o

o .o ce

° ° °

Overlap of malaria cases and
An. stephensi presence

* Overlap
* Malaria cases only .
An. stephensionly

No malaria cases and An. stephensi

0

41°48'30"E 41°49'0"E 41°49'30"E

41°50'0"E

4 Y\
o3 ..
=
Dire Dawa o
University +
L]
L
L]
o * e
. L] -
L ]
2. o3
AR
e ]
>

0.5 1 Km .

41°50'30"E 41°51'0"E

An. stephensi mosquitoes were the
only ones infected with P.
falciparum



Convergence of biological threats to malaria at a smaller geography
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Convergence of biological threats to malaria at a smaller geography
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Question #4

Would the existing interventions work well to target this
mosquito?

An. stephensi evades standard vector control tools: N [N
* Unique ecology: Bites mainly animals and rests mostly in animal shelter
* Resistance to many of the currently available insecticides "

Yared, Malar J 2020 Balkew, Malar J 2021

Carbamates (bendiocarb and propoxur) Pyrethroids, carbamates and organophosphates

Pyrethroids (deltamethrin and permethrin) Pre-exposure to PBO — increased susceptibility to pyrethroids
DDT and malathion Larvae — susceptible to temephos

Pirimiphos-methyl

Teshome, Malar J 2023
IRS: propoxur, bendiocarb, pirimiphos-methyl
LLINs: alpha-cypermethrin, deltamethrin and permethrin




Question #5

Would the spectrum of the problem be limited in the
typical settings in Africa?

* Populations with strong malaria * In ~40% of the time, An. stephensi is
control program are now affected detected with Ae. Aegypti
(French Armed Force in Djibouti)

de Santi 2021 Emerg Infect Dis Balkew 2021 Malar J
Tadesse 2021 Emerg Infect Dis



Conclusions

The spread of An. stephensiin rapidly
expanding urban settings could pose a
challenge to malaria control programs for
many reasons

e |t thrives in urban
environments through
different seasons

3. Year-round
persistence

Ability to exploit manmade
containers that are
abundantly present in rapidly
expanding urban settings

1. Preference for
manmade
containers

e Efficiently transmits both P.
falciparum and P. vivax

4. Efficiently =
transmits both ‘er.
= 1808
Pf & Pv == =

2. Evades

5. Large

e Resistant to many of the
currently available chemicals
that we use in insecticides
and nets

standard vector
control tools

Not only a container breeder
Not only an urban vector
Bites both humans/animals
Rests mostly in animal shelter

behavioral
variation




WHO response to the spread of An. stephensi

Dr Seth Irish
All Party Parliamentary Group
10 January 2024

Global Malaria Programme
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First record of the Asian malaria vector Anopheles stephensi and its
possible role in the resurgence of malaria in Djibouti, Horn of Africa

@ o

Michael K. Faulde*"*, Leopoldo M. Rueda®, Bouh A, Khaireh®

st /i Medical Servi Melical PO Bax T340, - 56065 Koblenz, Germany
b 1y Bonn, D Germany
© Walter Reed Entomolegy Branch, Walter Reed Army b of Research, 503 Robert Grant Avenue. Siiver Spring. MD 20910, USA
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Djibeutian Republic of Dbouri

ARTICLE INFO ABSTRACT

Article history:
Recetved & January 2014
Recetved in revised form 20 June 2014
Accepted 20 June 2014

Anapheles stephensi s an impartant vector of urban malaria in India and the Persian Gulf area. ls pre-
wviowsly known th Asia and the Arab Peni . For the Arst time, we
report A stephensi From the African coatinent, based on callections made in Dijfbaut, on the Horn of
Africa, where this species’ oecurrence was linkesd 0 an unusual urban outbreak of Plsmadium fuleiparum

Aualfable anline 5 puly 2014 mialaria, with 1228 cases reported fram February to May 2013, and a second, more severe epicemic that

- emerged in November 2013 and resulted in 2017 reparted malaria cases between January and February
e epbens 2014, Anopheles stephensi was initially identified using morphological identification keys, followed by
prmranpli sequencing of the Barcode cytochrome c-oxidase | (CO1) gene and the rONA second internal transeribed
Plocmadilin fociparum malsia spacer (ITS2). Positive tests for P. falciparum circumsporoznite antigen in two of six female A stephensi
Outbeek trapped in homes of malaria patients in March 2013 are evidence that autochthonaus urban malaria

Dyiboutt transmission by A stephensi has occurred. Concurrent with the second malaria outbreak, P. falciparum-
positive A.stephens feales were detected in Djbout Gty starting in Novermber 2013 In subSaharan
future health threat because of this species’ high
;wu.q ok falqpunm infection and its tolerance of urban habitats. This may lead 1o increased
‘malaria outbreaks in African cities. Rapid i of the ission cycle, based on
integrated vector surveillance and contral programs aimed at the complete eradication of A stephensi
fram the African continent, is strongly recommended.

© 2014 Elsevier BV. All rights reserved.

1. Introduction with unstable malaria transmissien { Carteron et al., 1978; Foxetal.,

1959, 1991 ). Low levels of P. folciparum malaria endemicity in 2007

The Republic of Djibouti is a small country (43°00'E, 11°30°N;
23,200 km? total area; 860,000 estimated population) located on
thi Horn of Africa (World Factbook. 2013; WHO, 2014). According
to WHO data, anrmd‘h!m Jalciparum malaria is e'xrluswely trans-
mitted by hel Parton and Giles
in Djibouti (WHO, 2014). Although the Hom alAfm:a is known to
be highly susceptible to mosquito-borne infectious diseases, Dji-
bowti was formerly thought to be a meso- to hypo-endemic country

* Corresponding author st Central Institute of the Bundeswehr Medical Ser-
wice, Department of Medical Entomalogy Zoclogy, PO Bax 7340, D-56065 Kablenz,
Germany. Tel: +45 261 400 ES51; fax: +43 261 400 TOS4.

rg (MK Faulde]

bitep: fehe ol oo 10,101 6{) actatropica 201406 016
D001-TOGX)D 2014 Elsevier BV All ights reserved.

were also predicted for this area after employing a global mapping
approach based on 7953 P falciparum parasite rate surveys [Hay
et al., 2004). The last malaria epidemic occurred in Djibouti City
from March to June 1999 (Rogier et al. 2005). Since then, malaria
cases had dropped to an incidence rate of <1/1000 persons/year
(Olivier et al, 2011). Studies further revealed that Djibouti was
entering a malaria pre-elimination phase because conditions for its
eradication had been established (Moor et al,, 2011; Khaireh et al.,
2013).

From January to May 2013, Djibouti experienced an unusual
urban outbreak of P fakciparum malaria, with 1228 reported cases,
of which 1016 (B2.7%) were from Djibouti City alone (United
Mations, 2013} Beginning in late January 2013, approximately
100 imported cases occurred in Dikhil Stare among a nomad
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Meeting report of the WHO technical
consultation on the spread of Anopheles stephensi

25-27 June 2019, Geneva, Switzerland

1. Background

In recent years, Anopheles stephensi, an efficient urban malaria vector for both Plasmodium
folciparum 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 tr. ion (3). S ly, An. 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. falciporum 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,

and pr of tablishe , 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.

Thes document was prepaced 85 8 pre-read for the meetng of e Malaria Policy Advisory Commttes and is not an official document of the
World Health

WHO/ICOS/IGMPMPAC/2019.14
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Information exchange

Increasing collaboration
Strengthening surveillance

4 ) Prioritizing research

Developing guidance

WHO initiative to stop the = '
spread of Anopheles stephensi
in Africa '
2023 update

Anopheles stephensi at a glance

Anopheles stephensi is a mosquito species that is capable
of transmitting both Plasmodium falciparum and P. vivax
malaria parasites. It was originally native to South Asia and

parts of the Arabion Peninsula b
or the last decade, h detections reported in
Djibouti (2012), Ethiopio and Sudon (2016), Somalia (20
Nigeria (2020) and Ghana and Kenya (2022). To date, it

remains uncleor when and via which route these countries
were invaded. Alth

t has been expanding

tephensi has likely spread
to other African countries, it has ye! to be detected as
systematic, large-scale surveillance of the vector is still in

its infoncy

Anopheles stephensi has the capacity to thrive in urban

and man-made environments, setting it aport from the
other main mosquito vectors of malaria that primarily

breed in naturally occurring waterbodies in rural areas

Where An. stephensi has been reported in Africa, it has
been found to be resistant to many of the insecticides used
in public health, posing an added challenge to its control

The invasion of An. stephensi in sub-Saharan Africa -

w he burden of malaria is highest and over 40% of

the population lives in urbon environments - is particularly
012, An

contributed to o resurg

v

worrying. Since

pphensi is though! fo have

e of malaria in Djibouti City and
0 he disease in Ethiopia. Wh
rall contribution of An. stephensi to malaria transmission
ar, the ropid growth of many African

st one outbreak of

in the region is un

cities, coupled with the invasion and spread of this highly

ficient and adaptable malaria vector, could undermine »
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Y £ Organization
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Spread of Anopheles stephensi in Africa




* Role of municipalities in malaria control
* Water storage / water systems

Construction

Education

Waste management

Agriculture

* Aedes aegypti and other mosquitoes

Global framework for
the response to malaria
in urban areas
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* MS Teams call every quarter for updates on An. stephensi

* Those interested in joining can send me an email:
* irishs@who.int



Thank you
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The Long-Term Significance of
Anopheles stephensi in Africa

«  Effects of Development and their role in Elimination

« The strategic impact of stephensi likely to grow and grow
« -- over time, and
= -- as we approach elimination;


http://www.lshtm.ac.uk/raft

Why worry ?
Does stephensi matter so much?

= The African vectors are Anopheles gambiae and An
funestus

= They are the world’s BEST vectors = most efficient at
transmitting the parasite.

« Hence Africa has 90% of global malaria deaths!

The addition of another species of lower efficiency:

P

« obviously not ideal,

/

= but surely not decisively disastrous?
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Global distribution of primary malaria vectors
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The Anopheles gambiae problem:

Global distribution of malariadeaths in 2004




Why worry ?
Does stephensi matter so much?

= The African vectors are Anopheles gambiae and An
funestus

= They are the world’s BEST vectors = most efficient at
transmitting the parasite.

« Hence Africa has 90% of global malaria deaths!

The addition of another species of lower efficiency:

P

« obviously not ideal,

/

= but surely not decisively disastrous?
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Coverage and resurgence
we cannot relax the pressure
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Urbanisation in Africa (so far): building malaria out

= African vectors cannot breed in polluted water, or in man-made
containers.

« Hence, urbanisation reduces malaria transmission: towns have less
transmission, big city centres are often malaria-free. In these extremely
urbanised settings, the absence of malaria is already a stable srate.

« Hence there is an unspoken underlying assumption that eventually, the
process of development (especially urbanisation) will drive malaria out of

Africa.
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Urbanisation in India: building malaria in

« |n India, the main vectors of malaria are Anopheles culicifacies in rural
areas and Anopheles stephensi in towns and cities.

« An stephensi breeds happily in man-made containers, especially water
storage tanks of all kinds.

« Hence, in India, urbanisation increases malaria transmission: many large
towns have more transmission than the surrounding villages.

iE
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Urban breedingsites in India:
| building a block of flats, storey
by storey. Aftera new
concrete floor has been
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Previous success stories of Malaria Elimination elsewhere

« Malaria Programmes have stressed the need for intersectoral action to
avoid “malariogenic” activities:

« Europe: drainage and barns for over-wintering cattle

« Italy after WW2: “bonification”

« USA: Tennessee Valley Authority and screen doors

= China: rice-growing methods, wet-dry irrigation, fish+rice cultivation
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Medical vs Social vs Environmental

Robert Koch:

*“Malaria is a Medical Problem”
« Treat the patient, not the mosquito

Angelo Celli, Manson et al.

*“Malaria is a Social Disease” —~——
» Malaria flees before the Plough |
 Bonification = housing, landscape, wages




Figure 4. Geographical Distribution of malana in England in the 1860s




Lt-Colonel SP James 1929

“...the diminution of local malaria in
England was due neither to natural causes
nor to the intentional application of any
particular preventive method reputed to be
specific, but to progressive improvements
of a social economic, educational, medical,
and public health character”
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Question Point

In the past, successful elimination programmes have actively:

« encouraged those that build malaria OUT
« much harder with stephensi!

s it too late to get rid of stephensi completely?

How they do it in Agriculture:
 E.g. the New World Screwworm in Libya
 Modern genetic control methods aiming for 100% extinction in Africa
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Convergence of biological threats to
the hight against malaria in the Horn

of Africa

Monday 15 January at 13.00 GMT
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Dr Fitsum Tadesse, Research Fellow
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