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Abstract

Many arthropod species are vectors of numerous diseases of humans and animals, 
which include ticks, fleas, sandflies, mosquitoes, triatomine bugs, and blackflies. The 
vector transmits bacteria, viruses, and protozoa from one host to another causing 
various diseases, such as dengue fever, West Nile Virus, Lyme disease, and malaria. 
They are scold-blooded animals and very sensitive to the fluctuation in climatic 
factors. Changing climate influences the survival, reproduction, abundance, and 
spatiotemporal distribution of vectors throughout the year and the rate of develop-
ment and survival of pathogens within the vector-host. Climate change is among the 
prime factors that influence the survival, reproduction, distribution, and density of 
disease vectors.
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1. Introduction

Vector-borne diseases (VBDs) continue to contribute significantly to the global 
burden of disease and cause epidemics that disrupt health security and cause wider 
socioeconomic impacts around the world [1]. A vector is an organism (most often an 
arthropod) that transmits an infectious pathogen from an infected human or animal 
host to an uninfected human. The World Health Organization (WHO) and other 
scientists identify the major global VBDs as malaria, dengue, chikungunya, yellow 
fever, Zika virus disease, lymphatic filariasis, Chagas disease, leishmaniasis, Japanese 
encephalitis, etc. (Table 1). Deadly pathogens and parasites are transmitted by 
arthropods [34], and the increasing global human and animal populations are threat-
ened by such epidemics and pandemics [35]. Arthropod-borne diseases are referred 
to as viruses, bacteria, and protozoans transmitted either to animals or humans by 
blood-sucking arthropods [36]. There are over 700 known arthropod-borne viruses 
and at least 80 immunologically distinct types that cause diseases in humans [37].
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Insect-borne diseases

Microbial 

class

Pathogen Vector Disease Effected or host organisms Selected references

Protozoans 

diseases

Plasmodium sp. Anopheles sp. Malaria Humans and animals [2, 3]

Trypanosoma brucei Glossina (tsetse fly) Sleeping sickness, African 

trypanosomiasis

Humans [4–6]

Leishmania parasite Phlebotomus papatasi (Sand fly) Leishmaniasis Animals [4, 7]

Trypanosoma cruzi Triatomine bug Chagas disease Humans and animals [4]

Chikungunya virus Aedes aegypti, Ae. Albopictus Dengue Humans [8, 9]

Viral diseases Flavivirus Culex sp. St. Louis encephalitis Humans [10]

Alphavirus or 

Chikungunya virus

A. aegypti Chikungunya fever Humans and animals [11, 12]

Flavivirus Chikungunya 

virus

A. aegypti, Ae. Africanus Zika disease Humans and animals [13]

Chikungunya

virus

A. aegypti Yellow fever Humans and animals [11, 14]

Flavivirus sp. Culex pipiens

and others

West Nile fever Humans [11, 14]

Orbivirus spp. Culicoides midges or C. imicola Bluetongue disease Animals [15–17]

Flavivirus Culex spp. Japanese encephalitis Humans and animals [4]

Phlebovirus Aedes spp. Rift valley fever Humans and animals [18, 19]

Yersinia pestis Xenopsylla cheopis Plague Humans [20, 21]
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Insect-borne diseases

Bacterial 

diseases

Flavivirus sp. Ixodes ticks Tick-borne encephalitis Animals [4]

Borrelia recurrentis Ornithodoros turicata and 

Pediculus humanus

Relapsing fever Humans and animals [22]

Rickettsia prowazekii or 

Rickettsia typhi

X. cheopis Typhus Humans [23, 24]

Bartonella Quintana P. humanus corporis Trench fever Humans [25–27]

Wuchereria bancrofti Mansonia uniformis Malayan or lymphatic filariasis Humans [28]

Nematode Brugia malayi Aedes togoi and C. pipiens Bancroftian filariasis Humans [29]

Brugia malayi A. togoi and C. pipiens Bancroftian filariasis Humans [29]

Tick-borne diseases

Protozoans 

disease

Anaplasma marginale Ixodes sp. Lyme disease Humans [11]

Bacterial 

disease

Borrelia theileri Ixodes scapularis Anaplasmosis Animals [30]

Coxiella burnetii Rhipicephalus boophilus Bovine borreliosis or Tick fever Animals [30]

Rickettsia rickettsia Ixodes ricinus Q fever Animals [31]

Francisella tularensis Dermacentor variabilis Rocky Mountain spotted fever Animals [24, 32]

Dermacentor andersoni, and 

Haemaphysalis otophila

Tularemia Animals [33]

Table 1. 
Vector-borne diseases and their vector insects.
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Among arthropods, insect vectors that transmit pathogens are more infectious 
mainly after the ingestion of the pathogen through a blood meal on an infected host, 
followed by the pathogens amplification/circulation in the insect’s body, before the 
vector becomes infectious [38]. Most of the arthropod-borne viral infections are 
transmitted by mosquitoes. Transmission of these viruses to humans involves com-
plex processes influenced by the mosquito and viral genetics, environmental factors, 
and human activities [39]. In human memory, the most devastating ABDs are not 
malaria or dengue or Ebola, but the plague named the Black Death, and in Europe, the 
Black Death is still considered the plague par excellence [40]. The major problem is 
caused by the invasion of exotic species of insects due to climate change [41].

The climatic factors that directly influence VBDs ecosystems are mainly tempera-
ture and rainfall [42]. Long-term variations in temperature and precipitation, climatic 
extremes (heatwaves, cyclones, and flash floods), quality of air, rise in low-lying 
coastal regions, sea level, and numerous implications on systems of food production 
and water supplies all have a direct impact on health. According to estimates, VBDs 
account for even more than 17% of the burden of communicable diseases worldwide, 
and more than 700,000 VBD deaths are documented each year globally [43].

2. Protozoans insect-borne disease

The health of hundreds of millions of individuals globally is seriously threatened 
by parasitic protozoans that are known to transmit diseases to humans. As a result of 
their combined infection, over a million people die each year [44, 45].

2.1 Malaria

Human malaria is caused by five species of plasmodium parasites and is transmitted 
by female Anopheles mosquitoes. Among vector-borne diseases, malaria is the major 
killer, causing an estimated 620,000 deaths in 2017 (most occurring in Africa) [46]. 
According to Rahmah et al. [47], malaria is currently endemic and spread by anopheline 
mosquitoes in far more than 80 countries with a combined population of about 3 billion 
people. Malaria is particularly prevalent in Sub-Saharan Africa, where even more than 
85% percent of cases and 90% of deaths occur, mostly in children under the age of five. 
Malaria still has a staggeringly negative impact on the public’s health (228 million cases 
globally, with 214 million, which is 93% of the total, reported in Africa alone), and 
recent catastrophic outbreaks have wracked many parts of the world [48, 49].

2.2 Sleeping sickness

African Trypanosomiasis, also known as sleeping sickness is caused by a micro-
scopic parasite of the species Trypanosoma brucei. It is transmitted by the tsetse fly 
(Glossina spp.), which is only found in Sub-Saharan Africa [6]. The disease was per-
ceived to be spreading across the continent from the French, Portuguese, and Belgian 
territorial interests in West and Central Africa towards the British and German 
colonies in East Africa [50]. Trypanosoma brucei is usually fatal within 3 years in the 
absence of treatment [51]. It is estimated that thousands of people are infected and 
millions are at risk, 1.35 million are lost due to sleeping sickness; mortality related to 
sleeping sickness is ranked ninth out of 25 among the human infectious and parasitic 
diseases in Africa [52].
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2.3 Leishmaniasis

Leishmaniasis is caused by infection with Leishmania parasites, which are spread 
by the bite of phlebotomine sand flies. There are several different forms of leishmani-
asis in people [7]. The WHO has obtained discounts on some medications to treat the 
disease. It is classified as a neglected tropical disease. The disease may occur in a num-
ber of other animals, including dogs and rodents. Visceral leishmaniasis is endemic 
in 78 countries but mainly affects economically disadvantaged populations in east 
Africa, Southeast Asia, and Brazil [43]. Approximately 98 nations and 4–12 million 
persons worldwide are now afflicted. Each year, there are about two million new cases 
and 20–50 thousand fatalities occurred. There are 200 million individuals who reside 
in regions of Asia, South and Central America, Africa, and Southern Europe where 
the disease is prevalent [53].

3. Viral insect-borne diseases

The viruses that cause diseases spread by insects are within a unique category and 
have a wide range. They are categorized as arboviruses and are made up of a diverse 
range of viruses that are spread by hematophagous arthropod vectors. Their primary 
vectors are ticks, sandflies, and mosquitoes, which are most common in tropical areas. 
Arboviruses like the chikungunya virus and yellow fever virus are the ones respon-
sible for the most well-known and dangerous arthropod-borne infections. However, 
we must give the Flaviviridae family a unique place (Dengue, St. Louis encephalitis, 
Yellow fever, and West Nile encephalitis). Regarding vector-borne disease, viruses 
differ from one another in terms of how they behave inside of their hosts. Since 
humans are still unable to replicate these arboviruses to high enough titers, most 
human infections with them are accidental [11].

3.1 Dengue

Dengue is the most important mosquito-borne disease in the world. It is spread in 
tropical and subtropical regions, but the pathogen is an arbovirus, which is the general 
name assigned to viruses affecting mankind [9].). The viruses that cause dengue are 
from the Flavivirus genus, and Aedes aegypti, followed to a lesser extent by Ae. albopic-
tus, is the primary vector. In contrast to the situation with malaria, the incidence of den-
gue has rapidly increased globally in recent decades. The primary distinction between 
dengue fever and malaria is that a virus causes both the infection and the symptoms in 
dengue fever [54]. Until 2005, the stated data estimated that approximately 2/5 of the 
world’s population was susceptible to contracting dengue. However, as many instances 
are underreported and incorrectly classified, the number of dengue cases, like those for 
other insect-borne diseases, must only be used as an indication. According to reported 
data, 50–100 million cases of acute febrile fever occur each year, including almost 
50,000 cases of severe dengue, putting more than 2 and half billion people, or more 
than 40% of the world’s population, at risk of contracting the disease [55].

3.2 St. Louis encephalitis

St. Louis encephalitis virus (SLEV), an arthropod-borne flavivirus, can cause 
disease presentations ranging from mild febrile illness to severe encephalitis. It is 
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transmitted by Culex sp.; birds are usually the hosts, but it can also affect humans 
and other hosts [56]. This disease is currently present in Canada, Mexico, and 
Central and South America. The clinical symptoms of this encephalitis are often not 
manifested, except during epidemics, wherein children and elderly are the most sus-
ceptible, with mortality 5–20% [11]. There have been cases documented across the 
nation, but the Mississippi Valley, the Gulf Coast, and more recently the Southwest 
have seen the majority of recurrent outbreaks and epidemics. SLE cases are more 
common in the late summer and early fall in temperate regions of the United States. 
In southern states, cases can happen at any time of year [57].

3.3 Chikungunya fever

Chikungunya virus (CHIKV) is an alphavirus of the Togaviridae family vectored 
by Aedes Mosquitoes [58]. CHIKV is considered as an important emerging public 
health problem in both tropical and temperate countries, where the distribution of 
the Aedes mosquito vectors continues to expand [12]. The number of cases reported 
to the PAHO regional office in 2016 was 349,936 suspected and 146,914 laboratories 
recorded incidents, which is a 50% decrease from the last previous year. Brazil 
reported 265,000 suspected cases, followed by Bolivia with 18,000 cases, Colombia 
with 19,000 cases, and Pakistan with 8387 cases [59]. The year 2016 was the first one 
that autochthonous transmission of chikungunya was reported in Argentina, follow-
ing an outbreak of more than 1000 suspected cases [11].

3.4 Zika disease

Ae. albopictus is capable of hosting the Zika virus and is considered a potential 
vector for transmission among humans. This tiger mosquito is an epidemiologically 
important vector for the transmission of many relevant viral parasites, including 
yellow fever virus, dengue fever, and chikungunya fever [60, 61]. The Zika virus is the 
cause of the Zika disease and is a Flavivirus. The vector of the Zika virus is an Aedes 
mosquito, which can bite monkeys and humans [13]. Since 1950, ZIKA disease has 
been known to occur within a narrow equatorial belt from Africa to Asia. From 2007 
to 2016, the virus spread eastward, across the Pacific Ocean to the Americas, leading 
to the 2015–s2016 Zika virus epidemic [62]. Brazil announced a connection between 
infection with Zika virus and microcephaly in October 2015. The Americas, Africa, 
and other parts of the world quickly saw outbreaks and transmission evidence. 
Eighty-six nations and territories in all have reported cases of Zika infection caused 
by mosquitoes [63]. From April 2015 to November 2016, the Zika virus, which causes 
Zika disease, spread throughout the Americas from Brazil. In November 2016, the 
WHO pronounced the outbreak to be over, but added that the virus continues to be “a 
highly important and long-term concern.” In Brazil, the Zika virus is thought to have 
infected 1 and half million people, and between October 2015 and January 2016, more 
than 3500 newborn microcephaly cases were confirmed [64].

3.5 Yellow fever

Ae. aegypti is the most important vector of this disease. The virus spreads mostly 
by contact between monkeys; however, it is also capable of infecting people through a 
different vector. Every year, this illness results in 30,000 fatalities and 200,000 clini-
cal cases. The majority of the cases, which affect mostly young people, are recorded 
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from Africa, primarily the Sub-Saharan areas The disease can be fatal, acute, mild, 
and even unapparent [11]. Yellow fever is an acute viral hemorrhagic disease transmit-
ted by infected mosquitoes; the infected mosquitoes of the Aedes spp. transmit the 
virus from person to person [5].

3.6 West Nile fever

Again, this disease is caused by a virus of the genus Flavivirus and the vector is 
an Aedes mosquito, aided in this case by Culex sp. The disease has been reported in 
regions of all populated continents. Birds, horses, and people can all contract West 
Nile fever, which has a variety of symptoms, including none at all, up until the point 
of death. The first virus cycle affects a number of bird species and mosquitoes, which 
helps the virus replicate. Secondary mammals, namely, horses and humans, are the 
virus’s other targets [14, 65]. About 1 in 5 people who are infected develop a fever 
and other symptoms. About 1 out of 150 infected people develop a serious, some-
times fatal, illness [66]. Birds are exposed to the West Nile virus through the bites of 
infected mosquitoes. By biting infected birds, mosquitoes catch the disease. Crows 
and other scavengers or predatory birds like hawks and owls may contract the disease 
through eating sick or deceased West Nile virus-infected birds. It is possible for birds 
to contract the disease if they ingest infected mosquitoes.

3.7 Bluetongue disease

Bluetongue is a noncontagious, midge-borne viral disease affecting ruminants 
(mainly sheep and less frequently cattle, goats, antelope, deer, camel, and drom-
edaries). Bluetongue virus (BTV) is transmitted by Culicoides biting midges [67]. 
BT is a complex multi-vector, multi-host, and pathogen disease whose prevalence 
fluctuates, reemerging after protracted absences. The majority of transmission occurs 
silently in disease-resistant animals, or short devastating phenomena influencing 
in preference specific breeds of sheep that are economically very important for the 
production of high-quality wool. Most common reservoir is cattle, which can also be 
sub-clinically infected for a protracted infection. The name of the illness comes from 
its most noticeable symptom, the characteristic blue iridescent colors of the tongues 
of all infected animals. Although the target of this disease is limited to sheep, cattle, 
and some species of deer and camelids, the effects can be epidemic and devastating, 
causing alerts for immense economic damage. [15, 16, 68]. Changes in climate condi-
tions in Mediterranean countries could make possible stable introductions, driving 
the spread of vectors and pathologic agents [17, 67, 69].

3.8 Japanese encephalitis

Japanese encephalitis (JE) is a zoonotic virus spread by vectors. In Asia, the JE 
virus (JEV) is the most common cause of viral encephalitis. Nearly all Asian nations, 
whether subtropical, temperate, or tropical, are affected by JE, which has spread to 
new regions through the introduction of infected vectors. The 24 nations, mostly in 
the WHO Western Pacific Regions and South East Asia that are now thought to be at 
risk of JE are home to an estimated 3 billion people. JEV repeats in an enzootic cycle in 
wading birds and pigs, which act as amplifying hosts and are the primary vectors of 
Culex mosquitoes that transmit the disease [4, 70]. It is estimated that 67,900 clinical 
cases of JE occur annually despite the widespread availability of the vaccine, with 
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approximately 13,600 to 20,400 deaths. In some countries, such as Bangladesh which 
has no JE vaccination program, over 50% of cases occur in adults [71].

4. Bacterial insect-borne disease

4.1 Trench fever

Trench fever is a louse-borne disease caused by the gram-negative bacterium 
Bartonella quintana and observed originally in military populations during World 
Wars I and II. The only source of this Bartonella infection is humans. When infec-
tious lice (Pediculus humanus corporis) excrement is rubbed into scratched skin 
or the conjunctiva, it can spread B. quintana to people. Trench fever is resurfac-
ing among the US’s homeless population and is endemic in México, Tunisia, 
Poland, Eritrea, and the former Soviet Union [26]. Trench fever had a major 
effect on the manpower resources of both the Allies and the Central Powers. An 
estimated 800,000 cases occurred among the Allies on the Western Front during 
World War I [72].

4.2 Relapsing fever

Spirochetes that cause tick-borne relapsing fever (TBRF) are neglected pathogens, 
and diagnosis of this disease is challenging because of its nonspecific manifestations 
[73]. Infection with Borrelia spp. known as relapsing fever can result in repeated epi-
sodes of fever, headache, aches in the muscles and joints, and nausea. Relapsing fever 
comes in three different forms: Relapsing tick-borne fever (TBRF), relapsing fever 
brought on by louses (LBRF), chronic Borreliosis miyamotoi (sometimes called hard 
tick relapsing fever). The western US is where TBRF occurs, and staying in shabby, 
rodent-infested cabins in the mountains is typically associated with it [27, 73, 74]. The 
mortality rate is 1% with treatment and 30–70% without treatment [75]. In Texas, 
TBRF is frequently linked to cave exposures. LBRF is transmitted by the human body 
louse and usually occurs in refugee settings in developing parts of the world [76].

4.3 Plague

The gram-negative coccobacillus Yersinia pestis, which is 2 μm long, is what 
causes the plague. Pneumonic, systemic infection, and bubonic plague are the three 
primary illness manifestations caused by the infection in humans. The final one 
stands out and is well-known [21]. It spreads in the typical arthropod-borne illness 
triangle of pathogen, vector, and victim. The vector in this instance is the Oriental 
flea (Xenopsylla cheopis), which feeds on an infected animal and regurgitates blood 
containing parasitic cells [20, 77].

5. Tick-borne disease

Ticks are ectoparasites that are common throughout the world, and their eco 
epidemiology is directly tied to environmental factors. They are required hematopha-
gous ectoparasites that act as reservoirs or carriers for dangerous bacteria, viruses, 
protozoa, rickettsia, and another fungus while they feed on their hosts. The next 
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vector group that mostly spreads infections to humans and primarily affects animals 
in the disease transmission process is the tick [78].

5.1 Lyme disease

Lyme disease is the most common disease spread by ticks in the Northern 
Hemisphere, with an estimated 300,000 infected people a year in the USA alone and 
65,000 people a year in Europe. The infection is caused by a bacterium of the genus 
Borrelia, spread by ticks, but it is transmitted to humans by the bites of infected ticks 
of the genus Ixodes. The disease is more common in the spring and early summer [11].

In Europe, Ixodes ricinus spreads a large number of tick-borne infections, such as 
Lyme borreliosis and tick-borne encephalitis. Potential habitat expansion in north-
ern Europe was forecast by models, along with warmer winter weather conditions 
including temperature rise. These circumstances might make it easier for more ticks 
to survive the winter and raise the risk of tick bites [79].

The higher temperature was found to be the most important determinant of 
environmental suitability for the establishment of the Lyme disease Ixodes tick vector 
in southern Canada, where it has been spreading [80]. Milder and shorter winters in 
Quebec, Canada are associated with the northern spread of the white-footed mouse, 
the primary reservoir host for the Lyme disease pathogen Borrelia burgdorferi [81].

5.2 Tularemia

Tularemia is a highly contagious disease occurring principally in wild animals, but 
it may transmit to farm animals, causing septicaemia and high mortality. Francisella 
tularensis is the causative organism [33]. F. tularensis has a wide host range and is 
recorded in over 100 species of bird and wild and domestic animals [82]. The mortal-
ity rate is 50%, especially in young animals. Transmission occurs chiefly by the bites 
of the wood tick, Dermacentor andersoni, and from Haemaphysalis otophila. Tularemia 
is primarily restricted in its occurrence to countries in the Northern Hemisphere. In 
North America, the disease is most prevalent in farm animals in the North Western 
states of the USA and the adjoining areas of Canada [83].

6. Importance of climate change on vector-borne disease (VBD)

There is no doubt that a suitable climate is necessary for the persistence or emer-
gence of a vector-borne disease [84]. Since a warmer temperature and shifting rainfall 
patterns may produce favorable habitats for viruses and climate-sensitive vectors 
(such as mosquitoes and ticks), climate change has an impact on how VBDs are 
transmitted. Climate change is recognized as a significant driver affecting the epide-
miology and dissemination of VBDs on various time scales, albeit the implications are 
exacerbated by nonlinear feedback, intrinsic in the dynamics of infections [85].

6.1 How does climate affect VBD

Through a variety of mechanisms, including direct impacts on the pathogens, 
the vector, nonhuman hosts, and humans, climate can influence the dynamics 
of transmission, geographic spread, and reemergence of vector-borne diseases. 
Climate change can change entire ecosystem habitats, including urban habitats, 
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which can either benefit or harm vectors or nonhuman hosts. This is in addition to 
getting direct effects on specific species [84].

6.2 Warm climate and changing rainfall

Since arthropods and many other vectors are ectotherms, it is anticipated that with 
rising temperatures, both the rate of pathogen development and the length of the 
transmission season in some endemic locations, as well as the abundance, survival, 
and feeding activity of vectors, will rise. (The other dengue vector, Aedes albopictus, 
has already shown widespread growth into further temperate regions; it is unknown 
what impact climate change will play in this.) If endemic areas get so hot that vec-
tor survivability or feeding is hindered, there is also a chance that the prevalence of 
dengue or other vector-borne diseases would diminish. But the effects of excessive 
heat would still be very bad in these regions. Rainfall and vector abundance have a 
complicated and context-specific relationship [86].

6.3 Climate is an effective determinant of VBD

Vector-borne diseases are among the most well studied diseases associated with 
climate change, owing to their large disease burden, widespread occurrence, and high 
sensitivity to climatic factors [1]. The natural environment and human systems are 
also affected by climate and weather conditions in a variety of more indirect ways. 
For instance, a drought may have an impact on water storage, soil use and irrigation 
techniques, and population movement, which in turn may have an impact on vector 
ecology and human infection exposure [87]. The most direct links exist between tem-
perature and the rates of biting, reproduction, and survival of vectors as well as the 
development and survival of the infections they carry. Additionally, precipitation has 
a significant impact on diseases that are spread by vectors with aquatic developmental 
stages, such as mosquitoes, as well as diseases that are spread by vectors without any 
such stages, including ticks or sandflies [88]. The impact of climate on the transmis-
sion of disease may be obscured, for instance, when the pathogens take a long time 
to develop in the host or when the vectors are relatively protected from weather and 
climate because they spend all of their time indoors (such as triatomine bugs, which 
transmit Chagas disease) (such as the nematode worms, which cause filariasis). 
Climate change can have quite varied effects on diseases even whose transmission 
cycles appear to be identical. Consider the differences between malaria and dengue, 
two of the most significant and thoroughly researched vector-borne diseases, both 
anthroponoses spread by mosquitoes [55].

7. Future impact of climate change

This chapter focuses on major changes in vector and pathogen dissemination that 
have been observed in recent years in temperate, Arctic, Peri-arctic as well as tropical 
highland regions. These changes have been predicted by scientists all over the world. 
In addition, if we do not mitigate and respond to climate change, further changes 
are probably coming. The movement of people, animals, and goods; existing control 
measures; the availability of efficient medications; the standard of health services; 
human behavior; and political stability and conflicts are just a few of the important 
factors that influence the spread and intensity of human diseases.



Vector-Borne Disease and Climate Change
DOI: http://dx.doi.org/10.5772/intechopen.107120

11

Author details

Amna Khan1, Muhammad Yasin2*, Muhammad Anjum Aqueel2,  
Muhammad Aslam Farooqi2, Muhammad Irfan Akram2,  
Hafiz Muhamad Bilal Yousuf2, Muneba Noor2 and Aneeqa Maqsood2

1 Faculty of Agricultural Science and Technology, Department of Agricultural 
Entomology, Bahauddin Zakariya University, Multan, Pakistan

2 Faculty of Agriculture and Environment, Department of Entomology, The Islamia 
University of Bahawalpur, Bahawalpur, Pakistan

*Address all correspondence to: yasin_1876@yahoo.com

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Arthropods – New Advances and Perspectives

12

References

[1] Campbell-Lendrum D, Manga L, 
Bagayoko M, Sommerfeld J. Climate 
change and vector-borne diseases: 
What are the implications for public 
health research and policy? Philosophy 
Transaction of the Royal Society B. 
2015;370:20130552

[2] Sallares R, Bouwman A, 
Anderung C. The spread of malaria 
to southern Europe in antiquity: New 
approaches to old problems. Medical 
History. 2004;48(3):311-328

[3] Otto TD, Gilabert A, Crellen T, 
Böhme U, Arnathau C, Sanders M,  
et al. Genomes of all known members 
of a Plasmodium subgenus reveal paths 
to virulent human malaria. Nature 
Microbiology. 2018;3(6):687-697

[4] WHO and UNICEF. 2017. Global 
vector control response 2017-2030

[5] WHO. 2022. Fact sheet Yellow fever. 
Available at: https://www.who.int/news-
room/fact-sheets/detail/yellow-fever. 
[Accessed on April 12, 2022]

[6] Center of disease control (CDC). 
2022a. Parasite-African trypanosomiasis 
(also known as sleeping sickness). 
Available at: https://www.cdc.gov/
parasites/sleepingsickness/index.html. 
[Assessed on April 16, 2022]

[7] Center of disease control (CDC). 
2022b. Parasite-Leishmaniasis. Available 
at: https://www.cdc.gov/parasites/
leishmaniasis/index.html. [Assessed on 
April 20, 2022]

[8] Roiz D. Climatic factors driving 
invasion of the tiger mosquito (Aedes 
albopictus) into new areas of Trentino, 
northern Italy. PLoS One. 2001;6: 
e14800

[9] Peng HJ, Lai HB, Zhang QL, Xu BY, 
Zhang H, Liu WH, et al. A local outbreak 
of dengue caused by an imported case in 
Dongguan China. BMC Public Health. 
2012;12(1):1-8

[10] Reisen WK. Epidemiology of St. 
Louis encephalitis virus. Advance Virus 
Research. 2003;61:139-183

[11] Marcello N. Three Scenarios 
in insect-insect borne diseases. In: 
Nicoletti M, editor. Insect-insect Borne 
Diseases in the 21st Century. Academic 
Press; 2020. pp. 99-251

[12] Dubrulle M, Mousson L,  
Moutailler S, Vazeille M, Failloux AB.  
Chikungunya virus and Aedes 
mosquitoes: Saliva is infectious as soon as 
two days after oral infection. PLoS One. 
2009;4(6):e5895

[13] Benelli G. Spread of Zika virus: The 
key role of mosquito vector control. 
Asian Pacific Journal of Tropical 
Medicine. 2016;6(6):468-471

[14] Mackenzie JS, Gubler DJ, 
Petersen LR. Emergence favivirus; 
the spread and resurgence of Japanese 
encephalitis, West Nile fever and Dengue. 
Nature Medicine. 2004;10(12):98-109

[15] Bowne JG. Bluetongue disease. 
Advances in Veterinary Science and 
Comparative Medicine. 1971;15:1-46

[16] Saegerman S, Berkvens D, 
Mellor PS. Bluetongue epidemiology 
in the European Union. Emerging 
Infectious Diseases. 2008;14:539-544

[17] Pioz M, Guis H, Crespin L, Gay E, 
Calavas D, Durand B, et al. 2012. Why 
did bluetongue spread the way it did? 
Environmental factors influencing the 



Vector-Borne Disease and Climate Change
DOI: http://dx.doi.org/10.5772/intechopen.107120

13

velocity of bluetongue virus serotype 8 
epizootic wave in France

[18] Tshilenge G. Immunogeno: Protective 
mechanism for Rift valley fever in the 
Democratic Republic of Congo. Journal 
of Veternary Research. 2012;79:1-35

[19] Georges TM, Justin M, Victor M,  
Marie KJ, Mark R, Léopold MMK. 
Seroprevalence and virus activity of 
Rift valley fever in cattle in eastern 
region of Democratic Republic of the 
Congo. Journal of Veternary Medicine. 
2018;2018:4956378

[20] Carter R, Mendis KN. Evolutionary 
and historical aspects of the burden of 
malaria. Clinical Microbiology Reviews. 
2002;15(4):564-594

[21] Shrewsbury JFD. A history of Bubonic 
plague in the British Isles. Cambridge 
University press, UK; 2005. p. 3

[22] Reck J, Marks FS, Guimarães JA, 
Termignoni C, Martins JR. Epidemiology 
of Ornithodoros brasiliensis (mouro tick) 
in the southern Brazilian highlands and 
the description of human and animal 
retrospective cases of tick parasitism. 
Ticks and Tick Borne Diseases. 
2013;4:101-109

[23] Raoult D, Ndihokubwayo JB,  
Tissot-Dupont H, Roux V, Faugere B, 
Abegbinni R, et al. Outbreak of epidemic 
typhus associated with trench 
fever in Burundi. The Lancet. 
1998;352(9125):353-358

[24] Walker DH, Raoult D. Rickettsia 
rickettsii and other spotted fever 
group Rickettsiae (Rocky Mountain 
spotted fever and other spotted 
fevers). In: Mandell GL, Bennet JE, 
Doalin R, editors. Principles and Practice 
of Infectious Diseases. Philadelphia: 
Churchill Livingstone; 2000.  
pp. 2035-2042

[25] Ohl ME, Spach DH. Bartonella 
quintana and urban trench fever. Clinical 
Infectious Diseases. 2000;31(1):131-135

[26] Anstead Gregory M. The centenary 
of the discovery of trench fever, an 
emerging infectious disease of World 
War 1. The Lancet Infectious Diseases. 
2016;16(8):164-172

[27] Larry, M. 2022. Spirochetes 
relapsing fever. Available at: https://
www.msdmanuals.com/professional/
infectious-diseases/spirochetes/relapsing-
fever. [Assessed on April 21, 2022]

[28] Ughasi J, Bekard HE, Coulibaly M, 
Adabie-Gomez D, Gyapong J, Appawu M, 
et al. Mansonia africana and Mansonia 
uniformis are vectors in the transmission 
of Wuchereria bancrofti lymphatic 
filariasis in Ghana. Parasite and Vectors. 
2012;5:89

[29] Wada Y. Vector mosquitoes of 
filariasis in Japan. Tropical Medicine and 
Health. 2011;39:39-45

[30] Barker SC, Walker AR. Ticks 
of Australia. The species that infest 
domestic animals and humans. Zootaxa. 
2014;3816(1):1-144

[31] Raoult D, Marrie TJ, Mege JL. 
Natural history and pathophysiology 
of Q fever. Lancet Infectious Diseases. 
2005;5:219-226

[32] McDonald GA, Anacker RL, 
Mann RE, Milch LJ. Protection of guinea 
pigs from experimental Rocky Mountain 
spotted fever with a cloned antigen of 
Rickettsia rickettsii. Journal of Infectious 
Diseases. 1988;158:228-231

[33] Kocan KM, DE LA Fuente J, 
Guglielmone AA, Melendéz RD. Antigens 
and alternatives for control of Anaplasma 
marginale infection in cattle. Clinical 
Microbiology Reviews. 2003;16:698-712



Arthropods – New Advances and Perspectives

14

[34] Mehlhorn H. Encyclopedia of 
Parasitology. Vol. 1. Düsseldorf, Germany: 
Institut für Zoomorphologie, Zellbiologie 
und Parasitologie; 2016

[35] Mehlhorn H, Al-Rasheid KAS, 
Al-Quraishy S, Abdel-Ghaffar F. 
Research and increase of expertise 
in arachno-entomology are urgently 
needed. Parasitology Research. 
2012;110:259-265

[36] Gubler DJ. The global emergence/
resurgence of arboviral diseases as public 
health problems. Archives of Medical 
Research. 2002;33:330-342

[37] Smith KM, Nanda K, Spears CJ, 
Ribeiro M, Vancini R, Piper A, et al. 
Structural mutants of dengue virus 2 
transmembrane domains exhibit host-
range phenotype. Virology Journal. 
2011;8(1):1-15

[38] Wilson AJ, Morgan ER, Booth M, 
Norman R, Perkins SE, Hauffe HC, 
et al. What is a vector? Philosophical 
Transactions of the Royal Society B. 
2017;372(1719)

[39] Reiter P. Climate change and 
mosquito-borne disease. Environmental 
Health Perspective. 2001;109:141-161

[40] Benedictow OJ. The Black Death 
1346-1353: The Complete History. New 
York: Boydell Press; 2004

[41] Yasin M, Khan A, Wakil W,  
Qayyum MA, Rubab S. Microbial 
management of ornamental plants/palm 
common pests. In: Kumar A, editor. 
Microbial Biocontrol: Food Security 
and Post-Harvest Management. Cham: 
Springer; 2022

[42] Fouque F, Reeder JC. Impact of 
past and on-going changes on climate 
and weather on vector-borne diseases 
transmission: A look at the evidence. 

Infectious Diseases of Poverty. 
2019;8(51):9-20

[43] WHO. Global leishmaniasis 
surveillance, 2017−2018, and first report 
on five additional indicators. Weekly 
Epidemiology Record. 2020a;25:265-280

[44] Andrews KT, Fisher G, 
Skinner-Adams TS. Drug repurposing 
and human parasitic protozoan diseases. 
International Journal of Parasitology, 
Drugs Drug Resistance. 2014;4:95-111

[45] Lozano R, Naghavi M, Foreman K, 
Lim S, Shibuya K, Aboyans V, et al. 
Global and regional mortality from 235 
causes of death for 20 age groups in 1990 
and 2010: A systematic analysis for the 
global burden of disease study 2010. The 
Lancet. 2012;380(9859):2095-2128

[46] Global, regional, and national 
age-sex-specific mortality for 282 causes 
of death in 195 countries and territories, 
1980-2017: a systematic analysis for the 
Global Burden of Disease Study 2017. 
GBD, Causes of death collaborators. 
Lancet. 2018;392:1736-1788

[47] Rahmah Z, Sasmito SD, 
Siswanto B, Sardjono TW, Fitri LE. 
Malaria. Malaysian Journal of Medical 
Science. 2015;22:25-32

[48] Amato R, Pearson RD, 
Almagro-Garcia J, Amaratunga C, 
Lim P, Suon S, et al. Origins of the 
current outbreak of multidrug-resistant 
malaria in South East Asia: A 
retrospective genetic study. The Lancet 
Infectious Diseases. 2018;18(3):337-345

[49] Lok P, Dijk S. Malaria outbreak in 
Burundi reaches epidemic levels with 5.7 
million infected this year. BMJ. 2019;366

[50] Welburn SCI, Maudlin I, Simarro PP. 
Controlling sleeping sickness - A review. 
Parasitology. 2009;136:1943-1949



Vector-Borne Disease and Climate Change
DOI: http://dx.doi.org/10.5772/intechopen.107120

15

[51] Checchi F, Filipe JA, Haydon DT, 
Chandramohan D, Chappuis F. Estimates 
of the duration of the early and late stage 
of gambiense sleeping sickness. BMC 
Infectious Diseases. 2008;8:16

[52] Fevre EM, Wissmann BV, 
Welburn SC, Lutumba P. The burden of 
human African trypanosomiasis. PLoS 
Neglected Tropical Disease. 2008;2:e333

[53] Vos T, Allen C, Arora M, Barber RM, 
Bhutta ZA, Brown A, et al. (GBD 2015 
Disease Injury Incidence Prevalence 
Collaborators). Global, regional, and 
national incidence, prevalence, and years 
lived with disability for 310 diseases and 
injuries, 1990-2015: A systematic analysis 
for the Global Burden of Disease Study 
2015. Lancet. 2016;388(10053):1545-1602

[54] Makiala-Mandanda S, Ahuka-Mundeke S, 
Abbate JL, Pukuta-Simbu E, Nsio-Mbeta J, 
Berthet N, et al. Identification of dengue 
and chikungunya cases among suspected 
cases of yellow fever in the Democratic 
Republic of the Congo. Vector-Borne and 
Zoonotic Diseases. 2018;18(7):364-370

[55] WHO. A global brief on vector-borne 
diseases. Geneva, Switzerland, World 
Health Organization; 2014 Contract no: 
WHO/DCO/WHD/2014.1

[56] Curren EJ, Lindsey NP, Fischer M, 
Hills SL, St. Louis Encephalitis. Virus 
disease in the United States, 2003-2017. 
American Journal of Tropical Medicine 
Hygiene. 2018;99(4):1074-1079

[57] Center of Disease Control (CDC). 
2022c. St. Louis encephalitis virus. 
Available at: https://www.cdc.gov/sle/faq/
index.html. [Accessed on April 25, 2022]

[58] Thiberville SD, Nanikaly M, 
Laurence DM, Antoine N, Ernest AG, 
Pierre R, et al. Chikungunya fever: 
Epidemiology, clinical syndrome, 
pathogenesis and therapy. Antiviral 
Research. 2013;99:345-370

[59] WHO. 2020b. Vector-borne diseases. 
Available at: https://www.who.int/news-
room/factsheets/detail/vector-borne-
diseases. [Accessed: on April 20, 2022]

[60] O’Meara GF, Evans LF Jr, 
Gettnan AD, Cuda JP. Spread of Aedes 
albopictus and decline of Ae. Aegypti 
(Diptera: Culicidae) in Florida. 
Journal of Medical Entomology. 
1995;32:544-562

[61] Romi R. History and updating of 
the spread of Aedes albopictus in Italy. 
Parassitologia. 1995;37:99-103

[62] Sikka V, Chattu VK, Popli RK, 
Galwankar SC, Kelkar D, Sawicki SG, et 
al. The emergence of Zika virus as a global 
health security threat: A review and a 
consensus statement of the INDUSEM 
joint working group (JWG). Journal of 
Global Infectious Diseases. 2016;8(1):3-15

[63] Mehrjardi MZ. Is zika virus 
an emerging TORCH agent? An 
invited commentary. Virology. 2017. 
Available at: 1178122X17708993. DOI: 
10.1177/1178122X17708993. [Assessed on 
April 21, 2022]

[64] Boadle A, Brown T, Orr B. U.S., 
Brazil researchers join forces to battle 
Zika virus. Reuters. Brasilia. 2016. 
[Retrieved: March 4, 2016]

[65] Mahyoub JA, Rehman H, 
Saggu S, Murugan K, Panneerselvam C, 
Alrefaei MSS, et al. Insecticide 
susceptibility in larval populations of 
the West Nile vector Culex pipiens L. 
(Diptera: Culicidae) in Saudi Arabia. 
Asian Pacific Journal of Tropical 
Biomedicine. 2016;6(5):390-395

[66] Center of Disease Control (CDC). 
2022d. West Nile dead birds. Available 
at: https://www.cdc.gov/westnile/dead-
birds/index.html. [Accessed on April 25, 
2022]



Arthropods – New Advances and Perspectives

16

[67] Purse BV, Mellor PS, Rogers DJ, 
Samuel AR, Mertens PP, Baylis M. 
Climate change and the recent emergence 
of bluetongue in Europe. Nature Reviews 
Microbiology. 2005;3(2):171-181

[68] Howell PG, Verwoerd DW. 
Bluetongue virus. Virology Monographs. 
1971;9:35-74

[69] Mann ME, Zhang Z, Rutherford S, 
Bradley RS, Hughes MK, Shindell D, 
et al. Global signatures and dynamical 
origins of the little ice age and 
medieval climate anomaly. Science. 
2009;326(5957):1256-1260

[70] Campbell GL, Hills SL, Fischer M, 
Jacobson JA, Hoke CH, Hombach JM, 
et al. Estimated global incidence of 
Japanese encephalitis: A systematic 
review. Bulletin of the World Health 
Organization. 2011;89(10):766-774

[71] Hossain MJ, Gurley ES,  
Montgomery S, Petersen L, 
Fischer JSM, Panella A, et al. Hospital-
based surveillance for Japanese 
encephalitis at four sites in Bangladesh, 
2003-2005. American Journal of Tropical 
Medicine Hygiene. 2010;82(2):344-349

[72] Byam W, Lloyd LI. Trench fever: 
Its epidemiology and endemiology. 
Proceedings of Royal Society of 
Medicine. 1920;13:1-27

[73] Dworkin MS, Schwan TG, 
Anderson DE Jr, Borchardt SM. Tick-
borne relapsing fever. Infectious 
Diseases Clinics of North America. 
2008;22:449-468

[74] Christensen AM, Pietralczyk E,  
Lopez JE, Brooks C, Schriefer ME, 
Wozniak E. Diagnosis and management 
of Borrelia turicatae infection in febrile 
soldier, Texas, USA. Emerging Infectious 
Diseases. 2017;23:883-884

[75] Cutler S. Possibilities for relapsing 
fever reemergence. Emerging Infectious 
Diseases. 2006;12(3):369-374

[76] Rawlings JA. An overview of tick-
borne relapsing fever with emphasis 
on outbreaks in Texas. Tex Medicine. 
1995;91:56-59

[77] McCormick M. Rats, 
communications, and plague: 
Toward an ecological history. Journal 
of Interdisciplinary History. 
2003;34(1):1-25

[78] Brites-Neto J, Duarte KMR, 
Martins TF. Tick borne infections 
in human and animal population 
worldwide. Veterinary World. 
2015;8(3):301-315

[79] Alkishe AA, Peterson AT, Samy AM. 
Climate change influences on the 
potential geographic distribution of the 
disease vector tick Ixodes ricinus. PLoS 
One. 2017;12(12):e0189092

[80] Leighton PA, Koffi JK, Pelcat Y, 
Lindsay LR, Ogden NHJ. Predicting the 
speed of tick invasion: An empirical 
model of range expansion for the 
Lyme disease vector Ixodes scapularis 
in Canada. Journal of Applied Ecology. 
2012;49:457-464

[81] Roy-Dufresne E, Logan T,  
Simon JA, Chmura GL, Millien V. 
Poleward expansion of the white-footed 
mouse (Peromyscus leucopus) under 
climate change: Implications for the 
spread of lyme disease. PLoS One. 
2013;8:e80724

[82] Ellis J, Oyston PCF, Green M,  
Titball RW. Tularemia. Clinical 
Microbiology Reviews. 2002;15:631-646

[83] Morner T, Addison E. Tularemia, 
Ecology and animal health. In: 
Williams ES, Barker IK, editors. 



Vector-Borne Disease and Climate Change
DOI: http://dx.doi.org/10.5772/intechopen.107120

17

Infectious Diseases of Wild Mammals. 
3rd ed. Iowa: Iowa State University Press; 
2001. pp. 303-313

[84] Rocklöv J, Dubrow R. Climate 
change: An enduring challenge for 
vector-borne disease prevention 
and control. Nature Immunology. 
2020;21:479-483

[85] Paz S. Climate change impacts 
on West Nile virus transmission 
in a global context. Philosophical 
Transactions of the Royal Society B. 
2015;370(1665):20130561

[86] Morin CW, Comrie AC,  
Ernst K. Climate and dengue 
transmission: Evidence and Implications. 
Environmental Health Perspective. 
2013;121:1264-1272

[87] Smith K, Woodward A,  
Campbell-Lendrum D, Chadee D, 
Honda Y, Liu Q , et al. Human health: 
Impacts, adaptation, and co-benefits. 
In Climate Change 2014: Impacts, 
adaptation, and vulnerability. Part 
A: Global and sectoral aspects. 
Contribution of Working Group II to 
the Fifth Assessment Report of the 
Intergovernmental Panel on Climate 
Change. Cambridge University Press. 
2014. pp. 709-754

[88] Mills JN, Gage KL, Khan AS. 
Potential influence of climate change 
on vector-borne and zoonotic diseases: 
A review and proposed research plan. 
Environment and Health Perspective. 
2010;118:1507-1514


