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1. Introduction

Hematophagous arthropods pose a serious threat to human health because of their abil-
ity to transmit hundreds of disease carrying viruses, bacteria, protozoa and helminthes to ver-
tebrate hosts, particularly humans [1]. Diseases transmitted to humans by an arthropod or
another living organism (vector), is known as vector borne disease that accounts for 17% of
the estimated global burden of all infectious diseases [2]. Annually, more than 1 billion vector
borne infections take place and more than 1 billion people die from such diseases [3]. Histori-
cally vector borne diseases were responsible for more human deaths than all other causes com-
bined [4]. Some of the greatest plagues that mankind has observed such as the ‘Black Death’ in
Europe (14" Century) and the epidemics of yellow fever were caused due to such diseases [5].
First discovered in 1877 by Sir Patrick Manson who demonstrated that Wuchereria bancrofti (a
parasite of humans causing filariasis), was transmitted by a mosquito, Culex pipiens fatigans,
since then many medically important disease pathogens have been found to be transmitted by
blood sucking arthropod vectors [5].

Vector-borne diseases stand as a major public health problem, mainly in countries be-
longing to tropical or sub-tropical region, where proper sanitation, consumption of safe drink-
ing water resources and regular surveillance is a huge challenge [2]. However, owing to the
impact of globalisation and increased human mobility throughout the world due to air travel,
these diseases no more remain problem of the tropics only rather they pose a major threat to
the whole world [5]. Some of these diseases, if left untreated prove to be fatal, whereas some
other leave patients disfigured or disabled [2].
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Of all disease-transmitting insects, mosquito which has a slender body and long needle
shaped mouth parts specialised for sucking blood from vertebrates, is the greatest menace.
Mosquitoes are the vectors of several dreadful diseases which include tropical diseases like
Malaria, filaria and viral diseases like dengue, Japanese encephalitis, yellow fever, west nile
fever, zika, chikungunya etc which together are responsible for several million deaths and hun-
dreds of millions of cases every year [6]. There exist about 3000 species of mosquito of which
around 100 are vector of medical significance [7]. Most of the mosquito borne viral infections
cause typical manifestations like haemorrhagic disease, encephalitis, biphasic fever, flaccid
paralysis and jaundice [8].

Many control strategies have been designed and followed since centuries ago but de-
spite of such efforts and programmes, mosquito borne diseases are prospering throughout the
world [9]. Earlier mosquito fauna were limited to the low land areas only but as a result of
immense climate change, their geographical distribution has expanded to higher altitudes and
latitudes [10]. Due to failing efficacy of vector control programmes, there has been a dramatic
emergence and resurgence of mosquito borne diseases [11].

India owing to its subtropical and tropical climatic parameters (high rainfall and rela-
tive humidity), lack of proper drainage system, water stagnation and vast vegetation cover
provides the favourable ambience for mosquito growth and proliferation [12] and thus to the
transmitted diseases. India is endemic to five of the mosquito borne diseases namely, Malaria,
dengue, chikungunya, filaria and Japanese encephalitis. Moreover three confirmed cases of
Zika has also been reported from India very recently [13]. This chapter focuses on the above
mentioned mosquito borne diseases and the burden it has imposed on India.

2. Major Mosquito Vectors

In India, there are mainly four mosquito genera carrying disease causing pathogens
namely, Anopheles, Aedes, Culex and Mansonia each causing different diseases.

Mosquitoes belonging to the genus Anopheles are responsible for transmission of ma-
laria. About 380 species of Anopheles occur around the world of which 60 species are act as
vectors of malaria to humans [7]. In India, 58 anopheline mosquitoes exist, of which only six
taxa act as malaria vectors namely, An. culicifacies, An. fluviatilis , An. minimus, An. dirus, An.
sundaicus and An. stephensi [14]. Anopheles culicifacies also known as the rural malaria vec-
tor in the country and An. fluviatilis, found in the plains and foothills accounts for 60-70% and
15% of the annual malaria infections respectively [15]. Moreover, An. minimus breeding in
streams of northeastern foothills, An. dirus found in forest areas of northeastern states of India,
An. sundaicus found in brackish waters (their breeding sites) in Andaman - Nicobar islands
and An. stephensi (known as the vector species of urban malaria) also contributes towards the

total annual malaria infections [15]. Control of malaria in India is basically concerned with the
2

IIIOC)'S)[OOC{OSSQOOEUQdO'AAMAA



Vector-Borne Diseases & Treatment

control of An. culicifacies [15].

Mosquitoes belonging to the genus Aedes house a number of pathogenic arboviruses
causing dengue, dengue haemorrhagic fever, chikungunya, zika, yellow fever, west nile fever
etc. They have also been shown to transmit filariasis [7]. Around the world there are approxi-
mately 950 species of 4edes of which two species Aedes aegypti and Aedes albopictus pose the
greatest public health concern [7]. Ae. aegypti has its origin in Africa whereas Ae. albopictus
originated in Asia and has now expanded its geographical distribution through different coun-
tries of world as a result of human activities [16]. Ae. albopictus has its distribution northern
than its counterpart Ae. aegypti, owing to its ability to survive through the colder seasons by
entering into dormancy [16]. Earlier Ae. aegypti was called as the primary vector of dengue
virus (DENV), whereas Ae. albopictus was known as the secondary vector, however recent
studies have shown that both the species contribute equally towards DENV infections. Both
the species are distributed throughout Indian subcontinent and their breeding habitat mainly
consist of artificial containers or water logged vessels such as bamboo stumps, tyres, cemented
tanks etc [12]. The Ae. aegypti mosquito vector was found to be prevalent in the western,
northern, Indo Gangetic and eastern plains, Assam valley and the coastal areas of Orissa state
in India. The elevation, type of relief, terrain, density of population, water storage practices
in drought-prone regions and high rainfall had direct relationship with the prevalence of the
species [17]. Altitudes above 1000 metres have been reported to be unfavourable for the Ae.
aegypti. Ae. albopictus has been reported to be encountered in the peripheral areas of Indian
towns where it has replaced the 4de. aegypti populations [17].

Another disease carrying mosquito genus is Culex, which consists of around 550 spe-
cies [1]. Most of the Culex species inhabits tropical and subtropical countries. Species such as
Culex quinquefasciatus s a vector of bancroftian filariasis where as others such as C. vishnui
and C. tritaenorhynchus Cx. Pseudovishnui, C. gelides and C. fuscocephala transmits disease
Japanese encephalitis (JE) [18]. Other species transmit arboviral diseases such as St Louis en-
cephalitis virus and West Nile virus [19]. In India, main concern to Culex mosquitoes are due

to bancroftian filariasis and Japanese encephalitis.

The genus Mansonia comprises of mosquitoes mostly found in marshy areas in tropical
countries, some of which act as vectors of brugian filariasis. This disease is common in south
India, Indonesia and Malaysia. In 1980, the virus for JE was isolated from M. annulifera, in-

dicating its potency in transmission of JE also [20].
3. Major Mosquito Borne Diseases in India

Mosquitoes act as vector for numerous human diseases worldwide (Table 1). However
in India they transmit 5 endemic diseases which are explained below. Also has been explained

Zika, a disease that may have a serious outbreak in the upcoming season.
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Table 1: Mosquito vectors and the disease transmitted by them worldwide

Mosquito vector Disease Continents at risk
Anopheles Malaria South America, Africa, Asia
Dengue South America, Africa, Asia, North America
Chikungunya North America, South A@erica, Europe, Africa,
Asia
Aedes Yellow fever South America, Africa
Zika Africa, Asia, South America
La Crosse encephalitis North America
Japanese encephalitis Asia, Australia
Culex St. Louis encephalitis North America
West Nile fever North America, Europe, Africa, Asia, Australia
Anopheles, Culex, Mansonia, Aedes Lymphatic filariasis South America, Africa, Asia, Australia
Aedes, Coquillettidia, Culex Eastern equine encephalitis North America, South America
Culex, Culiseta Western equine encephalitis North America, South America
3.1. Malaria

Among mosquito borne diseases, malaria poses one of the greatest threat to human
health. Malaria is an illness caused by parasites of Plasmodium species transmitted exclusively
by the bites of Anopheles mosquito. Malaria is endemic in 91 countries, putting approximately
40% of the world's total population at risk. Globally around 500 million cases of malaria infec-
tion occur causing up to 2.7 million deaths annually [6]. Southeast Asian region stands 2™ just
after sub Saharan African region in total malaria cases throughout the world [2]. India con-
tributes to 80% of the malaria cases occurring in Southeast Asia with around 24 million cases
per year, this endemicity is attributable to the presence of multiple vector species and India’s
diverse ecology [3,21].

In 2016, around 1,090,724 malaria infections were reported in India, causing 331 deaths
[22]. Malaria is endemic in most of the parts of India excluding elevations above 1800 metre
and a few coastal areas [23]. About 90% of the Indian population reside in malaria endemic
areas [24]. The Indian National Malaria Eradication Programme (NMEP) has reported that 2.5
to 3 million malaria cases causing 1,000 malaria deaths occur annually in India. The dominant
causative agent in India is Plasmodium vivax (60-65%), whereas malignant malarial protozoa
i.e. P. falciparum accounts for 30-35% of the infections [25]. Malaria was nearly eradicated
from India in the early 1960s but the disease has re-emerged as a major public health problem
[26]. Currently, the Eastern and Central states, i.e. Orissa, Jharkhand, West Bengal, North
Eastern India, Chhattisgarh, Madhya Pradesh contribute to the bulk of malarial infections
(>65%)[27,28]. Moreover, majority of the death attributable to malaria are from Orissa and
other forested areas occupied by ethnic tribes in the country. The availability of diverse malar-
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1a parasites and vector species, variable microenvironment favouring growth and proliferation
of both the parasite and vector along with a highly susceptible human population have resulted
in higher malarial infection rates in tribal areas [29].

The malaria incidence and deaths due to malaria have reduced significantly in recent
years. During the period 2000 to 2015, malaria cases declined by 44% from 2.03 million to
1.13 million and deaths declined by 69% from 932 to 287. The Pf percentage remained around
50% from 2000 to 2013, but rose to 65.6% in 2014 and 67.1% in 2015 [30]. Encouraged by the
success achieved in malaria control in recent years, the National Framework for malaria elimi-
nation in India 2016-2030 was launched in February 2016 with a goal to eliminate malaria
throughout the country by 2030 and maintain malaria free status wherever malaria transmis-
sion has been disrupted. The strategies for achieving the above goals [30] have been pointed
out as:

* Early diagnosis and radical treatment

* Case-based surveillance and rapid response

* Integrated vector management (IVM)

* Indoor residual spray (IRS)

* Long-lasting insecticidal nets (LLINs) / Insecticide treated bed nets (ITNs)
* Larval source management (LSM)

* Epidemic preparedness and early response

* Monitoring and evaluation

» Advocacy, coordination and partnerships

* Behaviour change communication and community mobilization
* Programme planning and managements

Though there is no vaccine available for malaria in India, chloroquine is the first line
treatment for vivax malaria. For P. falciparum infection, chloroquine is only administered inin
low risk and chloroquine sensitive areas [31]. It has been reported that chloroquine has been
found to result in treatment failure due to the development of drug resistance in the P. falci-
parum, so as an alternative ACT (Artemesin combined therapies) has been introduced in the
high burden states for the treatment of P. falciparum [31].

Malaria control strategies in India are either early detection and prompt treatment (EDPT)
or vector control [22]. Under EDPT, early treatment of malaria is done so as to minimise trans-
mission from the diseased. Drug Distribution Centres (DDCs) and Fever Treatment Depots
(FTDs) have been established in the rural areas for providing easy access to anti-malarial
drugs to the community [22]. For chloroquine resistant malaria, alternative drugs are recom-
mended. Under vector control, many strategies are followed such as, chemical control (use of
indoor residual spray, uise of larvicides, malathion fogging during intense disease outbreaks),
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biological control (use of biological agents for vector control), personal prophylactic measures
(use of mosquito repellent creams and coils, proper covering of exposed human parts, screen-
ing of house with wire meshes), community participation (spreading awareness within the
community for detection of Anopheles breeding places and their elimination), environmental
measures (source reduction of mosquito breeding habitats) and monitoring and evaluating the
programme by state national program officers or different malaria research institutes [22].

Malaria not only causes significant rates of morbidity and mortality but it is also re-
sponsible for the downfall of the productivity, agriculture & economic status of a country if
left uncontrolled [24]. Malaria decreases the economic growth of a country by more than one
percent point per year in endemic countries. Malaria transmission season (vector mosquito’s
flourishing season) coincides most of the time with the harvesting season and periods of illness
during this productive time of the year proves very depressing on the world’s poorest regions
(UN millennium project 2005). Despite of recent advancements in diagnostic and treatment
facilities throughout the world, malaria still remains a public health concern in developing
countries particularly in resource poor regions [3]. By undermining the health and working ca-
pacity of hundreds of millions, it ultimately results into poverty and halts social and economic
development [6]. Unlike Africa, where most of the deaths (associated to malaria) are reported
in infants and children, in India, malarial mortaility has been observed to occur maximally in
the age groups of 15-44 years i.e. economically productive age group [27], thereby affecting
the economy of the country drastically. It has been reported that the total economic burden
imposed by malaria in India could be around US$ 1940 million, the major burden attributable
to lost earnings (75%), while rest from costs of treatment [32]. In India, most affected areas
remain the poverty stricken tribal, hilly and forest fringe ones [27]. So, to minimise the affect
of malaria on the socioeconomic index of India, an efficient mosquito control strategy should
be the prime concern of the involved authorities.

3.2. Dengue

Dengue is the world's most threatening and fastest growing mosquito-borne viral disease,
with a 30 fold increase in disease incidence over the last 50 years putting 2.5 billion people (>
40% of the world's total population)at risk of infection worldwide and 20 million cases occur-
ring every year in more than 100 countries [2,6]. Globally, 5,00,000 people with severe dengue
require hospitalization, a huge proportion of whom are children and 2.5% of those die annually
[2]. In 1953-54 a new syndrome associated with dengue appeared in the Philippines, which
later spread throughout the world, unlike classical dengue, this disease affected young children
causing severe illness with haemorrhage and shock, resulting in high mortality, it was termed
as Dengue haemorrhagic fever (DHF) [17]. Before 1970, only nine Southeast Asian countries
suffered severe dengue epidemics but in 1981 large numbers of dengue haemorrhagic fever
cases began to appear in the Caribbean and Latin America. It has been predicted that dengue is
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omnipresent throughout the tropics, with local differences in risk mainly attributable to degree
of urbanisation and climatic parameters such as rainfall, temperature, etc [33]. Today, dengue
1s endemic in more than 100 countries mainly in, South-East Asia, Africa, Eastern Mediter-

ranean, Western Pacific and America.

The history of dengue fever (DF) dates back to the Jin Dynasty (265420 AD) in China,
however, the first recognized epidemics occurred almost simultaneously in Asia, Africa and
North America in the year 1780 [34]. Dengue virus infection in humans can lead to a range of
medical manifestations, from mild fever to potentially lethal dengue shock syndrome [35]. The
major challenge presented by dengue remains the presence of four serotypes of dengue virus
(family Flaviviridae: DENV-1, DENV-2, DENV-3 and DENV-4) dengue. A person infected
by a specific dengue serotype becomes immune to that serotype for lifetime but for other sero-
types the immunity provided is for 3-4 months only, thereby enhancing the chances of second-

ary infection (more severe) in the same or upcoming season [33].

In India, dengue outbreaks have occurred since 1950s but the occurrence and severity of
disease has raised in the last two decades [34]. In 2016, total 1,29,166 cases of dengue infec-
tion occurred causing 245 deaths [36]. Till July 2017, around 23,094 cases of dengue infec-
tion has already been registered taking 32 lives [36]. In India, the first outbreak of DHF was
reported in Delhi in 1988 [37], prior to which, transmission of all four dengue serotypes had
already been established [38]. The trend of dengue fever in the country has been very complex
and has changed considerably over past six decades in terms of prevalent serotypes, disease se-
verity and infected geographical locations [35]. Paediatric cases of dengue haemorrhagic fever
in India have a considerably higher mortality than other age groups [34]. In India, the appear-
ance of DHF were reported for the first time in Calcutta in 1963, during this outbreak both the
dengue and Chikungunya, viruses were reported to circulate together [39]. Since then several
dengue outbreaks have been reported throughout the different parts of country with manifesta-
tions of haemorrhagic symptoms in varying intensities [17]. In India, dengue is widespread
and endemic in 15 states, namely, Andhra Pradesh, Goa, Gujarat, Haryana, Karnataka, Kerala,
Madhya Pradesh, Maharashtra, Punjab, Rajasthan, Tamil Nadu, Uttar Pradesh, West Bengal,
Chandigarh, Delhi and one union territory namely Puduchery [36]. Earlier, the presence of
Aedes mosquito in southern India was very scarce and so was the incidence of dengue but with
the introduction of piped water supply, dengue made its entry to rural areas of south India and
disease outbreaks occurred [40].

There are currently no licensed vaccines or specific therapeutics for dengue and con-
stant vector control efforts could not stop the increasing incidence of dengue fever epidemics
and expansion in the geographical range of endemic transmission [41]. For dengue, the rec-
commended treatment is replacement of plasma losses, correction of electrolyte and metabolic
disturbances and blood transfusion. For vector control, following measures are followed in
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India: 1) personal prophylactic measures: use of mosquito repellent tools, use of bed nets efc,
i1) Biological control: use of biocides and larvivorous fishes, iii) chemical control: use of lar-
vicides and aerosol spray, iv) environmental management and source reduction: identification
and management of mosquito breeding sources, v) Health education: imparting knowledge to
common people regarding the disease and vector through various media sources, vi) commu-
nity participation: involving the community for detection of Aedes breeding places and their

elimination [36].

The high rates of mortality and morbidity associated with each dengue outbreak leads
to great socio-economic impact. Dengue is an extremely expensive disease, estimated to cost
the global economy over US$39 billion in 2011 only. Costs subjected in managing a group
of dengue patients (serologically confirmed) at a tertiary-level private hospital in north India
is quite high. The average cost of treatment per hospitalised dengue patient was estimated to
be US$432.2 [42]. The mean total economic burden of dengue (loss of economic activities
due to loss of workdays, the proportion requiring transfusion, deaths etc) was estimated to be
US$27.4 million [42]. Moreover, Costs incurred in the private heath sector prove to be almost
four fold higher than that of public sector expenditures. Significant economic losses are in-
curred by developing countries like India during each dengue epidemic [42].

The control and prevention of dengue outbreaks depend upon the proper survelliance of
the disease (in order to ensure efficient and timely management of disease cases) and vector
surveillance (for the effective and timely implementation of dengue vector control measures)
[43]. For planning and implementation of effective public health prevention and control mea-
sures and targeting of future vaccination campaign, the knowledge on demographic differ-
ences in infection rates and severity of dengue may prove very important [44]. To minimise the
illness duration and related complications, it is a must to devise effective diagnostic strategy
for early diagnosis of the disease [43].

3.3. Chikungunya

Chikungunya, an arboviral disease is transmitted by culicine mosquitoes i.e. Ae. ae-
aypti, Ae. albopictus and Ae. polynesiensis, although Culex has also been reported to transmit
the virus in some cases [45]. This fever was first reported in Tanzania in 1952 [46,47] and the
responsible pathogen, Chikungunya virus (CHIKV) belonging to the genus Alphavirus and the
family Togaviridae was subsequently isolated in Tanzania in 1953 [47]. Epidemics were subse-
quently noted in the Philippines (1954, 1956 and 1968), Thailand, Cambodia, Viet Nam, India,
Myanmar and Sri Lanka [48]. This specifically tropical disease is characterised by fever, rash,
and incapacitating arthralgia [49]. Chikungunya, affects all age groups but severe manifesta-
tions (Persisting arthralgia, neurological syndromes and non-neurological manifestations) are
more often seen in children. Chikungunya is believed to have originated in Africa, in a cycle
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involving wild mammals and forest dwelling mosquitoes [50], subsequently it was introduced
in Asia where it is transmitted from human to human mainly by 4e. aegypti and secondarily by

Ae. albopictus.

The start of Chikungunya outbreaks dates back to the 1960s and infection rates revolved
around sporadic cases until a resurgence in 2006 [34]. Resurgence of chikungunya has been
linked to various factors including globalization, increased growth of vector population, loss
of herd immunity and the mutation increasing the CHIKYV infectivity for Ae. albopictus [51].
Chikungunya occurs mainly in Africa and Asia, including the Indian sub-continent, since 2005,
Southeast Asian countries, namely, India, Indonesia, Maldives, Myanmar, and Thailand have
reported over 1.9 million chikungunya infections [2]. In 2016, 64,057 Chikungunya infection
took place in India [52].

The entry of chikungunya virus in India is not clearly known, yet Calcutta sea and air
roots may be the probable entry points in India [46]. Major Indian epidemics of chikungunya
were reported firstly in Calcutta (presently Kolkata) in 1963, subsequently in Pondicherry,
Tamil Nadu, Andhra Pradesh, Madhya Pradesh and Maharashtra in 1965 and again in Ma-
harashtra in 1973 [53]. In the 1963-1964 outbreak of Calcutta and 1965 outbreak of Chennai
more than 3,00,000 people were affected. After a gap of 32 years this disease again appeared
affecting 13 states in 2005 causing 1,400,000 infections of chikungunya during 2006 and the
responsible vector species was reported to be Ae. aegypti [49]. The reasons for the re-emer-
gence of chikungunya on the Indian subcontinent, and its exceptional incidence rate may be
explained by increased tourism, CHIKV inoculation in a naive population and viral mutation
[49].

Chikungunya virus usually shows a periodicity with occurrence of disease in the com-
munity with an interval of 3-4 years [46].The intra-outbreak studies, point towards recent
mutations/changes in the viral genome enhancing the pathogenecity and enabling rapid spread
[46]. Transmission of chikungunya during birth can result in neurologic, hemorrhagic, and
myocardial complications for the baby or even spontaneous abortions. Mosquito vectors of
chikungunya have very recently spread to Europe and the Americas, thereby enhancing the
chances of disease outbreaks in those areas. This disease has already been observed for the first
time in Italy in 2007 and in Carribean in 2012.

The characterstic feature of chikungunya disease is a prolonged arthralgia, i.e. severe
joint pain, the pain associated with CHIKV infection of the joints typically persists for weeks
or months causing serious economic and social impact on both the individual and the affected

communities [54].
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3.4. Filariasis

Lymphatic filariasis, the second most common vector borne parasitic disease is caused
by the nematode Wuchereria bancrofti (transmitted by Culex mosquitoes), Brugia malayi and
Brugia timori (transmitted by Mansonia mosquitoes). Both the above mentioned parasites
produce similar clinical manifestations of the disease, related to the lymphatic system [55].
In India, 99.4% cases are caused by Wuchereria bancrofti whereas only 0.6% is caused by
Brugia malayi [56]. The worst symptom of this chronic disease appear in adults, i.e. damage
to the lymphatic system, arms, legs or genitals with significant pain, loss of productivity efc.
This disease 1s found in 81 countries belonging to tropical and subtropical areas [57]. An esti-
mated 120 million people in 73 countries are currently infected with filariasis. Southeast Asia
accounts for around 63% (876 million) of the total people living in filarial endemic areas (1.39
billion) [2] . Southeast Asia contributes around 57% of the total global burden of 5.1 million
disability-adjusted life years (DALY) lost due to lymphatic filariasis [6]. Around 40 million
people are reported to suffer from long term complications of the disease [58].

WHO has targeted this disease for elimination through mass drug administration (MDA).
The effectiveness of which depends on the consumption of the drug by the population. This
strategy (MDA) alone has been shown to suppress transmission of lymphatic filariasis quite
efficiently but it is often accompanied by resurgence once there is residual infection in the
population. So, ideal control of lymphatic filariasis can be achieved only through integration
of different strategies of vector control along with MDA [59].

India is the largest filaria endemic country of the world. A National Filarial Control Pro-
gramme (NFCP) was launched in 1955, which currently covers a population of 40 million peo-
ple with a strategy of selective chemotherapy (mass diethylcarbamazine administration) [60].
In India, filariasis are endemic in 17 states and 6 union territories putting about 650 million
people at the risk of infection [55]. The National Health policy (2002) envisaged elimination
of lymphatic filariasis in India by 2015 through strategies mainly, 1) Annual mass drug admin-
istration (MDA of single dose of DEC (Diethylcarbamazine citrate) and Albendazole 11) home
based control of lymphoedema cases and up-scaling of hydrocele operations [56]. To follow
the above goals, the Government of India in 2004 launched nationwide MDA programme in
endemic areas as well as home based morbidity management, scaling up hydrocelectomies.
During 2004, only 202 districts could be covered with a coverage rate of 72.6%. In 2007, all
the 255 known lymphatic filariasis endemic districts were brought under MDA. The population
coverage during MDA improved from 72.6 % in 2004 to 89% in 2015, resulting in reduction
of microfilaria rate from 1.2% in 2004 to 0.3% in 2015 [56]. As per WHO guidelines (2011),
districts conducting minimum five rounds of MDA with more than 65% population coverage
are subjected to Transmission Assessment Survey (TAS) for presence of circulating antigen-

emia in children born after initiation of MDA to unvelil the current infection status, needed to
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take decision for MDA stoppage [56]. Till May 2016, 72 districts (each with approximately
164 million population) qualified for stoppage of MDA [56]. Since 2004, 1,41,902 hydrocele
operations have been reported form India [56]. Some states have started paying attention to
home based foot hygiene practices for management of lymphodema cases [56].

Filariasis is a disease of poor and it is reported as a cause and effect of Poverty [60].
Poor hygiene and sanitary facilities with low socioeconomic status of the community provide
the ambience ideal for vector mosquito breeding and thus transmission of the causative patho-
gen [57]. It has been reported that the annual economic loss due to filariasis in India is US$ 1
billion and US$5.3 billion from blinding trachoma and substantial reductions in future wage
earning capacity as a result of chronic hookworm infection in childhood [61]. Besides disabil-
ity, this disease causes personal trauma to the affected persons and its long term suffering leads
to social exclusion.

3.5. Japanese encephalitis

Japanese encephalitis (JE), one of the major public health disease was identified as a
clinical issue in Japan in 1971 and in the past decades it has spread to many countries of South-
east Asia and parts of Western Pacific region [62]. JE is basically an infection of the brain and
children are more vulnerable to this infection and inflammation of the brain. The infection with
JE virus can range from non specific febrile illness to meningiencephalomyelitis illness [62].
While most JE virus infections are mild or asymptotic, approximately 1 in 250 infections re-
sults in severe disease [2]. Around 60 % of the world’s population i.e. 3 billion people inhabit
JE endemic regions [63]. JE is endemic mainly to rural areas with rice plantations, pig rearing,
high temperature, rainfall and relative humidity (rainwater clogged rice fields serve as the the
breeding sites for vector mosquitoes whereas pigs acts as the reservoir of virus), putting 1.9
billion people at risk of JE infection [64]. Japanese encephalitis is a principal cause of disabil-
ity among the paediatric and rural people in Asia. In Asia, around 68,000 clinical cases of JE
infections are reported to occur annually causing 5-35% deaths and 75% JE related disability
rate [2].

In India, the first incidence of JE was reported in 1955 in Tamilnadu and neighbouring
districts of Andhra Pradesh. Annually around 35000-50000 cases of JE infection are reported,
of which 30-50 % individuals face neurological infection whereas 20-40% die [65]. Since
1972, JE has expanded its range and has spread to West Bengal, Uttar Pradesh, Assam, Ma-
nipur, Bihar, Andhra Pradesh, Pondicherry, Karnataka, Goa, Kerala and Maharashtra. This cy-
cle consists of pigs (major reservoir / amplifying host), water birds (carriers) and mosquitoes
(vectors). The Culex vishnui subgroup of mosquitoes had been established as major vectors
of JE. India faced its first major JE outbreak in 1973 in districts of West Bengal causing 300
deaths [66]. In 2016, total 444 cases of JE were reported causing 60 deaths [67].
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Though there is no specific antiviral medication available for treatment of JE infection,
but the availability of JE vaccination (developed by Central research institute, Kasauli) [67]
appears to be the best control measure in JE endemic areas. In JE endemic areas, the immuni-
zation of JE vaccine is included in the general immunization schedule. Also, immunization of
pigs and locating piggeries away from human dwelling is also a preventive measure.

The prevalence of JE is higher in countries that have lower socioeconomic status, than
more prosperous neighbouring countries, indicating the involvement of economic and social
strength as an additional risk factor that affects the rate of JE transmission and prevalence in
non-immune populations [64]. A principal part of India’s economy depends on agriculture, and
the presence of JE vectors breeding sites in agricultural land increases the chances of the poor
farmer getting infected by JE virus, there by affecting both the economical and social indices
of the country.

3.6. Zika

Zika virus (genus Flavivirus, family Flaviviridae) is an emerging arbovirus of public
health importance transmitted by Aedes mosquito. This virus is closely related to other flavi-
viruses of public health importance such as dengue fever, chikungunya and yellow fever [68].
Zika virus was first isolated in Uganda, in 1947 and for many years, the virus sustained on earth
causing sporadic human infections in Africa and Asia [69]. Since 2013, cases and outbreaks
of this disease have been reported from the Western Pacific, Africa, Asia and latin Americas
and as of now, zika infection have been reported from 70 countries [70]. Most people infected
with zika are mostly asymptomatic however clinical manifestations ranging from mild fever,
skin rashes, joint pain, low-grade fever, conjunctivitis, to severe neurological disorders, mi-
crocephaly, and Guillain-Barré syndrome may take place [71]. There are evidences relating
ZIKV and severe neurological disorders during prenatal development [72]. The recent reports
about the sexual transmission route of Zika, changes in the epidemiology, possible links with
microcephaly cases and other neurological disorders have rapidly changed the risk profile of
the disease pushing WHO to declare it as a ‘Public Health Emergency of International con-
cern’ [70]. With three confirmed cases of zika in India and unavailability of either vaccination
or treatment medications against zika, India stands at a very high risk of ZIKV infection and
related socioeconomic disturbances in the near future.

4. Present Control Strategies for Mosquito Borne Diseases

The control strategies for mosquito borne diseases can be divided into two groups: 1.
Diseases against which vaccination or therpeutic treatment is available, 2. diseases which
have no available vaccine or medications. For the first group, both disease prevention by vac-
cination or early diagnosis followed by medication and control of vector population is sought.

Whereas, for the second group the sole available approach remains minimising the infection
12
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rate through vector control.
4.1. Prevention by vaccination

This strategy is followed for Japanese encephalitis. In last few decades through vac-
cination JE has been eliminated from Japan, Taiwan, China and Korea [73]. Three types of
vaccines are used throughout the world:

1) Formalin inactivated mouse brain derived vaccine,
i1) Inactivated primary hamster kidney cell derived vaccine,
i11) Cell culture derived attenuated vaccine.

Of the above only the first one is WHO approved. Three doses of this vaccine (produced
by Centre for Research, Kasauli) provide immunity for few years) [67]. JE vaccination was
started in India in 2006. Large JE vaccination campaigns were carried out in 2006 (11 dis-
tricts), 2007 (27 districts), 2008 (22 districts), 2009 (30 districts) [74]. In 2011, The JE vaccine
was introduced in the routine immunization under Universal Immunization program in 181 JE
endemic districts at a single dose at 16-18 months at the time of 1st booster of DTP vaccine. In
2013, another dose of the vaccine was added at 9 months age along with measles vaccine [74].
Till 2015, 155 JE endemic districts have been covered under JE campaign and approximately,
10.8 crore children have received the vaccination through campaigns [74]. Afterwards, JE vac-
cination campaigns for adults were conducted owing to outnumbering of pediatric JE infection
by adult infection rates [74].

4.2. Anti pathogen measure

It 1s adopted for lymphatic filariasis and also for malaria caused by P. vivax. In case of
Filaria, annual mass administration of single dose of DEC (Diethylcarbamzine, an anti filarial
worm medication) and albendazole is done to interrupt the transmission of the disease [56].
For malaria, after early diagnosis, chloroquine is administered as an anti malarial drug. How-
ever due to increased chloroquine resistance often a combined drug therapy is followed.

However the above two strategies can suppress the disease, but strategies combined
with Vector control is often adopted for efficient disease prevention and transmission.

4.3. Vector control

Majority of mosquito borne diseases i.e. malaria, dengue, chikungunya efc do not have
available vaccine or safe medications, so the sole method to decrease their infection rate is to
cut down the number of vector population responsible for the transmission of disease causing
pathogen, thereby obstructing the transmission cycle [75]. Since long time ago, vector control
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has been used throughout the world.

Adult vector control: The history of vector control in India can be divided into two phases:
before and after the discovery of DDT. Before 1936, various control methods i.e. biological,
mechanical and chemical had been employed for mosquito control such as the application of
larvivorous fish (eg. Gambusia, Guppy) to the mosquito breeding habitats, use of oils and Paris
green in breeding sites and the provision of a suitable drainage system [76]. A significant de-
crease in the malaria vector population was observed in Bombay city through the application
of above mentioned measures along with implementation of legislative measures, where 4n.
stephensi breeding was observed in water tanks, wells, cisterns efc [15]. Observing the success
by spray of pyrethrum extract inside the houses to kill the adult mosquitoes in South Africa,
mosquito control trials were undertaken in human dwellings and cattle sheds in some part of
India [15].

DDT was discovered in the year 1939 by Paul Mueller who later became a Nobel laure-
ate for the same [77]. On an experimental basis, it was introduced in the Assam-Burma front
in the army camps of world war II as a residual insecticide in mosquito control programme
with great results [78]. Afterwards, few more successful experiments, DDT was accepted as an
indoor spray as the control measure against malaria [15]. In 1950, another insecticide Benzene
hexachloride (BHC) was used in Assam [79]. In the year 1953, National Malaria Control Pro-
gramme (NMCP) was launched which had a remarkble impact on the malaria situation in the
country, also was noted a significant decrease in the malarometric indices [26]. During 1980s,
insecticides belonging to synthetic pyrethroid group were introduced in the public health pro-
grammes. Deltamethrin was introduced in a trial and was found effective for vectors as resid-
ual insecticide [15]. Successively, synthetic pyrethroids such as cyfluthrin, lambda cyhalothrin
were introduced into public health programmes; currently all three above mentioned synthetic
pyethroids are in use both as indoor residual spray and as impregnated on mosquito nets along
with some personal protective measures [15]. However, varying degree of insecticide resis-
tance has been observed in different mosquito vectors throughout India [10,12,80-83].

Larval vector control: Destruction of larval habitats (sealing of water holding vessels), de-
signing of a proper drainage system and spray of insecticide against larva include the major
aspects of larval management in India. For mosquito larval control, temephos is the most pre-
ferred larvicide, also recommended by both WHO and National Vector Borne Disease Control
Programme, India (NVBDCP).

5. Major Constraints in Mosquito Borne Disease Control
5.1. Drug resistance

With the use of drugs and medications for the treatment of infection, the pathogen sub-
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sequently develops resistance against the medication used, this is referred to as drug resistance.
The P. falciparum resistance against chloroquine has resulted in increased malaria mortality
and morbidity throughout the world [84]. Despite the worldwide spread of resistance, chlo-
quine still remains the first line treatment for malaria [85]. Studies in African countries have
reported a 2-3 fold increase in malaria death and approximately 6 fold higher malarial mortal-
ity in children attributable to emergence of chloroquine resistance [85]. P. falciparum has also
developed resistance against artemisin derivatives [58]. Antimalarial drug resistance usually
confers a fitness disadvantage upon the malaria parasites, but parasites in the Southeast Asian
region have been exposed to several different selective forces which has created a genetic
background that may predispose to the emergence of resistance [86]. WHO now recommends
ACTs as the suitable treatment for uncomplicated P. falciparum malaria however, it will be ter-
rible if artemisinin resistance reaches regions carrying the bulk of malaria, i.e. India and Africa
[87]. Such drug resistance pose a huge challenge against malaria eradication worldwide.

Similar resistance has also been reported against anti filarial drug DEC and albendazole
in W.bancrofti [88]. It has been noted that benzimidazole resistance is widespread in a number

of nematodes of veterinary importance [89].
5.2. Insecticide resistance

Continuous use of synthetic insecticides under vector control programmes has given
rise to a new phenomenon known as Insecticide resistance in many mosquito vector species
[90]. This term refers to the selection of insecticide resistant populations of the vector mosqui-
to under insecticide selection pressure. According to the World Health Organization (WHO),
resistance is defined as the ability of an insect to withstand the effects of an insecticide by be-
coming resistant to its toxic effects by means of natural selection and mutations [91]. While In-
secticide Resistance Action Committee (IRAC) defines resistance as a heritable change in the
sensitivity of a pest population that is reflected in the repeated failure of a product to achieve
the expected level of control when used according to the label recommendation for that pest
species [92]. Appropriate tools (biological, biochemical and/or molecular) are needed to iden-
tify the mechanisms involved at individual or population levels [93]. Insecticide resistance is
an increasing problem faced by those who need insecticides to efficiently control medical, vet-
erinary, agricultural insect pest [93]. Resistance is a heritable character that relies on a genetic
basis. Resistance results from the selection of a genetic modification in one or several genes

occurring by migration or mutation [94].

The use of insecticides for agricultural purposes and more recently for public health has
played pivotal step in the selection of resistance in mosquitoes [95]. Resistance involves sev-
eral physiological and behavioural changes. Changes in the insecticide target site that reduce
its binding to insecticides (known as target site resistance) is the best understood type of resis-
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tance mechanism [96], enhanced insecticide metabolism that lowers the amount of insecticide
reaching the target site (known as metabolic resistance) is more complex but recent advances
have identified key enzymes responsible for insecticide detoxification [97]. Other physiologi-
cal changes (e.g. reduced penetration through cuticle, i.e. cuticular resistance) and behav-
ioural changes in the mosquito population have also been identified. The major mechanism
that enables insects to grow resistance against insecticide can be divided into four categories:
Behavioral avoidance, reduced penetration, metabolic resistance and target site insensitivity;
the latter two being the major resistance mechanism occurring in insects. Metabolic resistance
is caused due to the elevated activities of digestive/detoxification enzymes which help in the
detoxification of foreign compounds [90]; enzyme groups mainly related to this task are Es-
terases, Monooxygenases and Glutathione-S-transferases [98]. While, target site insensitivity
refers to the modification within the nervous system of a specific site where the insecticide
binds [99].

Resistance management is therefore a major challenge for vector control programme
in countries like India where there is a prevalence of vector borne diseases [80]. A detailed
knowledge of the major factors behind insecticide resistance is the immediate need for imple-
mentation of safer and efficient vector control programmes [90].

6. Integrated Vector Management

Integrated Vector Management is defined (by WHO) as a rational decision-making pro-
cess for the optimal use of resources for vector control [100]. The main driving force behind
the IVM movement is the need to overcome the challenges or limitations associated with con-
ventional single intervention approaches to vector control. Integrated vector management aims
to improve the efficacy, cost-effectiveness, ecological soundness and sustainability of vector
control [101]. IVM entails the use of a range of interventions, alone or in combination, in order
to implement a more cost-effective control and reduce dependence on any single intervention.
This strategy also serves to extend the useful life of insecticides and drugs by reducing the
selection pressure for resistance development [101]. IVM has been shown to delay onset of

behavioural resistance [102].

An IVM approach takes into account the available health infrastructure and resources
and integrates all available and effective chemical, biological or environmental measures. It
also encourages effective coordination of other important sectors that have an impact on vector
borne diseases, such as, health, water, solid waste and sewage disposal, housing and agricul-
ture [101]. An IVM approach is evidence-based and it has the capacity to generate local data
on disease epidemiology and vector ecology. The key elements of [VM are [100]: 1) Advocacy,
regulatory control and social mobilization, ii) Collaboration between the health sector and
other sectors to make optimal use of resources, and improve planning and decision-making,
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ii1)Integration of non-chemical with chemical vector control methods, and integration of vec-
tor control with other disease control measures which target the parasite or pathogen, iv) Evi-
dence-based decision making which is guided by operational research and entomological and
epidemiological surveillance and evaluation, v) Development of adequate human resources,
training and career structures at national and local level to enhance capacity and management
of IVM programmes.

IVM is guided by the following basic principles: 1) to effectively reduce adult vector
populations and pathogen transmission; 2) that interventions should be ecologically, envi-
ronmentally, socially, economically and politically acceptable; 3) that management strategies
should not create adverse side effects such as environmental contamination or the develop-
ment of resistance, nor should they have a negative impact on non-target organisms, including
beneficial insects, humans, domestic animals and wildlife; 4) to understand the transmission
cycle, the life history of the vector species, and the natural factors regulating vector survivor-
ship are critical; 5) that the most effective programmes develop descriptive and predictive
models for population dynamics and transmission potential; 6) to have flexibility in terms
of changing strategies and tools in response to surveillance and biological data; and 7) that
management strategies should be dynamic and able to respond to the results of an active and
sensitive mosquito/pathogen surveillance programme [103].

The success of IVM programmes are the integrated control of malaria in the Zambian
Copper Belt in the 1930s and 1940s, the initiative against Chagas disease vectors in Latin
America, and the Onchocerciasis Control Programme in West Africa since the 1970s. These
success stories demonstrate that strategically effective, well-coordinated and sustained initia-
tives can bring extraordinary benefits in health and socioeconomic development [101]. The
above mentioned programme could achieve their target owing to the use of efficient systems
for monitoring, evaluation and reporting and i1) procedures for the rapid identification and cor-
rection of problems [101]. The adoption of a strategy for IVM provides new opportunities for
effective action against vector borne disease.

7. Conclusion

To overcome the burden disposed on India by mosquito borne diseases, the only avail-
able approach is implantation of effective vector control strategy. An efficient vector control
depends on proper planning which in turn depends on investigation before the planning of
strategy. For treatment of disease with the use of medication, the major challenge is to mini-
mise drug resistance, similarly for vector control, it is to halt the development of insecticide
resistance. For combating drug resistance, the prime concern should be taking medications
only under medical supervision, completion of course of medication and safe disposal of med-
icines. For insecticide resistance, the best way is to manage the level of insecticide resistance
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within the vector population; this can be done through insecticide resistance management
(IRM) [94]. For IRM, the first approach should be to monitor the level of resistance developed
within the target species at a local level, so that site specific effective insecticide dosage can be
devised. The alteration in behaviour of the target species should be studied to keep a check of
behavioural modification taking place (if any). Constant use of insecticides belonging to same
chemical group should be avoided, instead a rotation of different insecticide group should be
followed while spraying [94]. Also, insecticide use should be limited both in space and time
dimension, i.e. only those sites where insecticide usage is needed/inevitable for public health
security, should be brought under vector control programmes using insecticide. There should
always be a time period gap between successive sprays. Low doses of insecticide should be
used to maintain the population of of susceptible strains [104]. Insecticide that persist in the
environment for a very small time should be used, thereby reducing the selection pressure
[104]. The mechanisms behind insecticide resistance should be thoroughly studied and meth-
ods to block such mechanisms (through enzyme blockers, synergists etc) should be sought
for. Also research assignments on formulation of novel insecticidal compounds with novel
targets, search for compounds of botanical origin with such potentiality, sterile male mosquito
technology, biological control of mosquito, etc should be devised for sustainable, environment
friendly and effective disease control. Lastly, public awareness regarding mosquito breed-
ing habitats and source reduction by public health educational campaigns to reduce backyard
mosquito larval habitats (i.e. Anopheles, Aedes, Culex) should be conducted on a regular basis.
Community participation can help reduce mosquito habitats, while developing long term, low
cost sustainable programs. In the event of public health emergency, community peer educa-
tors can both help in the reduction of vector habitats and provide assurance to the community
regarding mosquito control programs.
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