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Abstract
Anopheles stephensi belongs to the same subgenus as Anopheles gambiae, which is the predominant
mosquito vector of malaria in Africa and is the primary malaria vector in urban India. This research
presents a comprehensive overview of the emergence and spread of An. stephensi, a significant malaria
vector, focusing on its recent incursion into Africa. Originating from Southern and Western Asia, An.
stephensi has expanded to seven African nations, posing a severe threat to malaria control efforts,
particularly in urban areas. The mosquito's unique biology, diverse forms, and genetic markers are
explored, emphasizing the importance of precise identification for effective disease management. The
preferred habitats, life cycle, and feeding patterns of An. stephensi underscore its adaptability and resilience.
Factors contributing to its spread, including climate change, urbanization, and vector resistance, are
outlined. The current geographic distribution in the Horn of Africa raises concerns, demanding increased
surveillance and research for a clearer understanding of its impact on malaria transmission. Finally,
potential interventions, such as environmental management and genetic modification, are discussed as
critical strategies to control An. stephensi and mitigate its implications for public health. This review serves
as a valuable resource for fostering awareness, encouraging proactive measures, and informing targeted
interventions and management techniques to curb the spread of this invasive malaria vector in Africa.
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Introduction
Background on Anophelis stephensi
An. stephensi belongs to the same subgenus as
Anopheles gambiae, which is the predominant
mosquito vector of malaria in Africa and is the
primary malaria vector in urban India [1].
According to the World Health Organization
(WHO), An. stephensi is a type of mosquito that can
spread the malaria pathogens Plasmodium
falciparum and P. vivax [2]. It is more likely to
flourish in urban and artificial contexts than the
other primary malaria mosquito vectors. An.
stephensi was once only found in some regions of
Southern and Western Asia where the species acts
as a highly effective reservoir for malaria [3], as
well as in Pakistan, and the Arabian Peninsula, but
it has since been found in seven African nations [2].
Carter et al. [4] reported that An. stephensi
mosquitoes were discovered for the first time in
Ethiopia in 2016, and since then, the species has
established itself there. This finding came after the
species had been reported in nearby Djibouti
previously [5, 6]. An. stephensi mosquitoes are
present in both rural and urban regions in Africa,
unlike other malaria vectors. They spawn in
artificial water containers such garden reservoirs
and home water storage containers [3]. According
to another study by Gayan Dharmasiri et al. [7], the
species was recently discovered for the first time in
Sri Lanka, proving its capacity to spread over vast
bodies of water and effectively establish itself in
new geographical areas. A report by Nolan [8] of
the New York Times revealed that 1,300 students
were impacted by a malaria outbreak that occurred
at Dire-Dawa University in Dire Dawa, the second-
largest city in Ethiopia, in April of 2023. Because
the outbreak happened in an urban setting and
during the dry season, two circumstances that are
unusual for frequent occurrences of malaria in this
part of the world, it remained mysterious.
Researchers finally concluded that An. stephensi, a
parasite that causes malaria and flourishes in
urban areas during dry seasons and is resistant to
insecticides, was responsible for this after blood
tests revealed the presence of the ring-shaped
malaria parasite.

A WHO Vector Alert from 2019 highlighted the risk
of An. stephensi emergence and spread outside of
its natural geographic range and recommended
action [9]. An. stephensi has now been documented
in Yemen (2021), Kenya (2022), and Nigeria (2020)
[10].
The purpose of this review therefore is to discuss
the current issue on emergence of An. stephensi
with respect to Africa, to help promote awareness
of the vector, consequently creating systems to
minimize its spread within the society.

Emergence of Anophelis stephensi in Africa
Although native to Asia, An. stephensi has lately
invaded several African nations, including Sudan
(2019), Djibouti (2012), Ethiopia (2016), and
Somalia (2019) [11-14]. Given the high risk and
heavy cost of malaria in Africa, where the majority
of cases, more than 94% of the 229 million
predicted cases worldwide in 2019 were reported
from the continent, most of the cases occurring in
sub-Saharan Africa [15]. In 2020, Gombe State
University researchers, in partnership with the
Nigeria Institute of Medical Research and the
National Malaria Elimination Program (NMEP),
discovered Anopheles stephensi for the first time in
the Biliri Local Government Area of Gombe State,
Nigeria [16]. Recently, An. stephensi has been
discovered in Ghana (2023) also, making it the
second West African country with the report of the
vector [17]. This suggests a shift in the
geographical distribution of An. stephensi within
the African region, as well as a call for urgent
response to tackle the menace of the vector to
prevent further spread. This knowledge also
reveals the capability of An. stephensi’ to spread
from region to region. Using PCR and ITS2 region
sequencing, the presence of An. stephensi
mosquitoes was confirmed in Ghana [18], outcome,
which underlines how urgently more surveillance
is needed, as well as reaction plans, to slow the
spread.
Seeing the global relevance of the emergence of An.
stephensi in Africa, the World Health Organization
(WHO) has issued a warning regarding the
invasion and spread of An. stephensi throughout
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the region. They are requesting that national
malaria management programs, along with their
partners in high-risk areas, exercise caution and

enhance their monitoring systems to identify and
manage this invasive mosquito species early on [9].

Biology and Characteristics of Anophelis stephensi
Some of the important details regarding the biology and traits of An. stephensi are noted below:

An. stephensi is native to the Indian subcontinent
and the Middle East, but has recently invaded
eastern Africa, posing a threat to urban malaria
control [21]. According to Ghosh et al. [21] and
Khan et al., [22], An. stephensi has three biological
forms, type, intermediate and mysorensis, that
differ in the number of ridges on their eggs and
their vectorial competence, these were recognized
as sibling species, denoted as Species A, Species B,
and Species C, in that order [21, 22]. A study by
Vipin et al. [23] showed that while mysorensis is a

poor vector (extremely zoophilic) and restricted to
rural regions and is sensitive to Plasmodium vivax
(VK210B), the type biological form is an effective
malaria vector in urban areas. There is very little
evidence available about the intermediate
biological form's capacity to spread, with reports
from rural and peri-urban areas [24].
There is currently little knowledge on the
population genetics of An. stephensi according to
Gholizadeh et al. [25]. The typical molecular
markers employed in the identification of An.

FIGURE 1: AFRICA'S VERIFIED ANOPHELES STEPHENSI DISTRIBUTION BY NATION. RED-SHADED COUNTRIES
HAVE AT LEAST ONCE PROVEN THE EXISTENCE OF AN. STEPHENSI[19].

FIGURE 2: IMAGE OF ANOPHELES STEPHENSI SHOWING THE MAXILLARY PALPUS WITH PALE BANDS; MPLP5 ENTIRELY
PALE; ERECT HEAD SCALES BROAD, WHITE ON VERTEX AND DARK BROWN LATERALLY AND POSTERIORLY[20].
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stephensi include the mitochondrial oxidases
subunit 1 and 2 (COI and COII), ribosomal internal
transcribed spacer 2 (rDNA-ITS2), and domain-3
(D3) loci. However, none of these indicators have
been able to accurately distinguish between the
biological forms of An. stephensi [21, 26]. On the
other hand, it has lately been demonstrated that
the intron I sequences of Odorant-binding protein
1 may serve as a genetic marker for distinguishing
between distinct An. stephensi complex members
[24]. Precise recognition, understanding the spatial
distribution, and monitoring the population
dynamics of cryptic species within the An. stephensi
complex are of significant importance for human
health. This is because it directly influences
strategies for vector control and disease
management [21]. Additionally, An. stephensi is
highly anthropophilic, meaning that it prefers to
feed on humans rather than animals [27].

Habitat Preferences
Thomas et al. [28] reported that An. stephensi
mosquito species can breed in various aquatic
habitats, both natural and artificial. It prefers to
breed in containers that hold clear or clean water,
such as water tanks, cisterns, pots, and barrels. It is
capable of tolerating high salinity levels and breed
in water that is as salty as sea water [29]. In urban

areas, it mainly breeds in overhead tanks and
ground level water tanks, which contribute to its
vectorial capacity and malaria transmission [28].

Life Cycle
The life cycle of An. stephensi has two phases:
aquatic and terrestrial [30]. The aquatic phase
consists of the eggs, larvae, and pupae stages, while
the terrestrial phase consists of the adult stage
only. The eggs are laid on the surface of water in
various habitats, such as artificial containers,
irrigation canals, stream pools, and streammargins
[29]. The eggs hatch into larvae, which feed on
organic detritus and microorganisms in the water1.
The larvae undergo four instars before
transforming into pupae, which are the resting and
non-feeding stage before adult emergence [28].
The adult mosquitoes are active at night and feed
on blood from humans or animals, depending on
their biological form and habitat [20, 30]. Balkew
et al. [31] reported that the female mosquitoes
need a blood meal to produce eggs, and they can
also transmit malaria parasites to humans if they
are infected. The adult lifespan of An. stephensi can
range from a few days to several weeks, depending
on environmental factors and availability of hosts
[28].

FIGURE 3: LIFE CYCLE OF ANOPHELES SPECIES MOSQUITOES [38]
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Behavior And Feeding Patterns
According to some studies, An. stephensi has the
following characteristics: it prefers to rest and feed
in cattle sheds than human dwellings [32]. It is
noted to be strongly zoophilic, meaning it feeds
mainly on animals rather than humans. It is active
at night and exhibits increased flight velocity and
host-seeking behavior in response to carbon
dioxide [33]. It can be infected with both
Plasmodium falciparum and Plasmodium vivax, the
two most common malaria parasites that infect
humans. An. stephensi is capable of altering its
feeding and infection patterns depending on the
levels of serotonin in the blood meal [33].

Spread in Africa
Current Geographic Distribution
As at the time of this research, An. stephensi’
current range according to extends to Somalia
(2019), Ethiopia (2016), Sudan (2016), Eritrea
(2022), and beyond to Yemen (2021), Kenya
(2022), Ghana (2022), and Nigeria (2020) [34].

Factors Contributing to Spread
There are several factors that contribute to the
spread of An. stephensi, a new and invasive malaria
vector in Africa and southern Asia. Some of these
factors are highlighted below.
Climate change: An. stephensi can survive in a
wide range of temperatures and humidity levels,
and may benefit from the increased rainfall and
warmer conditions caused by climate change [2,
40].
Urbanization: An. stephensi is well adapted to
urban and man-made environments, where it can
breed in artificial water containers, such as tanks,
barrels, wells, and animal shelters [35].
Urbanization also increases human population
density and mobility, which facilitate the
transmission and spread of malaria [9].
Lack of surveillance and control: An. stephensi is
often overlooked or misidentified by the existing
vector surveillance and control systems, which are
mainly focused on the traditional malaria vectors
in Africa and southern Asia [9, 35]. Moreover, An.
stephensi is resistant to multiple insecticide classes,
posing challenges to its control.
Global trade and travel: An. stephensi may have
been introduced to new regions through the
movement of goods and people, especially through
the maritime routes connecting the Horn of Africa,
the Arabian Peninsula, and South Asia [9, 35].

Water Storage Practices: An. stephensi prefers
breeding in clean and relatively clear water.
Improper water storage practices, such as open
water containers or inadequate sealing of water
storage tanks, can create favorable breeding
conditions. People storing water in and around
their homes may unknowingly provide suitable
habitats for mosquito larvae [36].
Vector Resistance: In some cases, the mosquitoes
may develop resistance to insecticides commonly
used in vector control efforts. This resistance can
lead to the failure of insecticide-based control
measures, allowing the mosquito population to
thrive and spread [37].
Vector Control and Management
Based on the study conducted by Mnzava et al. [12],
some of the possible interventions and tools to
control An. stephensi include: environmental
management to reduce breeding sites, indoor
residual spraying and larviciding to kill adult and
larval mosquitoes, use of insecticide-treated nets
and repellents to protect people from mosquito
bites, genetic modification or gene drive to reduce
the reproductive capacity or vector competence of
An. stephensi, and the use of Wolbachia infection
to reduce the susceptibility of the vector (An.
stephensi) to malaria parasites.
Integrated vector management, or IVM, which is a
methodical approach to making the most use of
available resources for vector control has been
suggested by Beier et al., [41]. It entails choosing
and putting into practice suitable vector control
techniques, including as biological control,
insecticide-treated nets, indoor and outdoor
residual spraying, and larval source management,
based on the local environment and proof of their
efficacy and cost-effectiveness. Further
management of An. stephensi requires increasing
collaboration among different sectors across the
African continent and beyond, strengthening
surveillance through employing techniques like the
molecular methods to track the vector spread and
distribution, improved data sharing among
countries, regions and partners to aid rapid
detection, reporting, and response, guidance
development and research prioritization to learn
more about the biology, ecology, genetics, and
vectorial competence of An. stephensi, as well as on
the effectiveness, cost-effectiveness, and
acceptability of various vector control
interventions, such as larval source management,
indoor and outdoor residual spraying, insecticide-
treated nets, and biological control [12, 16].
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The table below summarizes the features which
distinguishes An. stephensi from other An. species,

making it a matter of urgent concern particularly in
Africa at the moment.

Comparison Between An. stephensi and other Anopheles Species
Table 1: Comparison between An. Stephen and other Anopheles specieswith respect to breeding,
prevalence, management, parasite being transmitted, lifespan and control measure

Conclusion
The emergence of Anopheles stephensi, a potent
malaria vector, in Africa poses a significant threat
to ongoing malaria control efforts, particularly
given its resistance to commonly used insecticides.
The spread of this mosquito species in Africa is
influenced by factors such as climate change,
urbanization, global trade, and water storage
practices. Recognizing the importance of effective
surveillance and control measures, including
environmental management, insecticide use, and
genetic modification, becomes crucial to mitigate
the impact of An. stephensi and reduce the burden
of malaria in affected regions.

Recommendation
In light of the alarming spread of An. stephensi
across Africa and its threat to malaria control
efforts, urgent action is recommended.
Strengthening surveillance and control measures,
especially in urban areas, is imperative. Increased
investment in research to understand the
mosquito's behavior, genetics, and distribution will
inform targeted interventions. Implementing a
comprehensive vector control strategy, including
environmental management, insecticide use, and
genetic modification, is crucial. Collaborative
efforts between health authorities, researchers,
and communities are vital to effectively curb the
spread of An. stephensi and mitigate the associated
malaria risks in Africa.
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