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Abstract: Arboviruses pose significant public health challenges globally, particularly in
Pakistan, where deforestation, climate change, urbanization, inadequate sanitation, and
natural disasters have all contributed to the spread of mosquito-borne flavivirus diseases
like dengue fever. The lack of a thorough national surveillance system has made it difficult
to determine the extent and distribution of these diseases. Concern has been raised by recent
outbreaks of West Nile virus (WNV) and chikungunya (CHIKV) epidemics, which may
lead to Zika virus (ZIKV) outbreaks in the future. Additionally, hospital-based surveillance
has detected the Japanese encephalitis virus (JEV) in the region. Evidence also points to the
presence of additional arboviruses in healthy populations, such as the Karshi virus (KSV),
Tamdy virus (TAMV), Crimean—-Congo hemorrhagic fever virus (CCHFV), and severe
fever with thrombocytopenia syndrome virus (SFTSV). This review aims to address the
risk factors linked to these diseases, provide specific policy recommendations for efficient
disease prevention and control, and describe the epidemiological trends of these diseases
in Pakistan while emphasizing the critical need for improved surveillance and thorough
epidemiological investigations.

Keywords: arboviruses; mosquito-borne diseases; tick-borne diseases; epidemiology;
public health; Pakistan

1. Introduction

Pakistan, which occupies an ideal location at the meeting point of south, central,
and west Asia, has several different climates and ecosystems that contribute to the de-
velopment of different mosquito-borne diseases (MBDs), which presents serious public
health issues. Approximately two-thirds population of country lives in rural regions, with
livelihoods that rely on agricultural and animal husbandry. This increases their exposure
to livestock and wildlife, which may play a role in the transmission of zoonotic infec-
tions, including arboviruses [1,2]. Therefore, vector-borne illnesses including chikungunya,
dengue, and Crimean—Congo hemorrhagic fever (CCHF) continue to pose a serious threat
to public health. The dengue virus (DENV) has become more common since the first
dengue fever case was discovered in Pakistan in 1994; cases have been documented in all
five provinces [3]. Following this, chikungunya, which is spread by Aedes mosquitoes like
dengue, appeared in 20162017 [4]. Additionally, CCHFV, which was initially discovered
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in the area in 1976, is still a major problem as cases are still being recorded [5,6]. Moreover,
the rise of other arboviral infections like the Tamdy virus (TAMYV), Zika virus (ZIKV),
and severe fever with thrombocytopenia syndrome virus (SFTSV) are posing an alarming
situation for public health officials of Pakistan. Furthermore, the concerning CCHFV sero-
prevalence of 7.59% in the same area highlights the country’s growing tick-borne virus
burden. To reduce the hazards posed by these newly emerging viruses, these findings
necessitate increased surveillance and public health initiatives (Figure 1) [7].
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Figure 1. Annual distribution of reported arbovirus cases across provinces in Pakistan, highlighting
regional incidence variations.

There are several reasons that these diseases are spreading more widely. A major factor
is climate change since seasonal monsoon rainfall and warming temperatures provide ideal
circumstances for mosquito vector growth. According to research, the probability of disease
transmission is increased by temperatures between 26 °C and 29 °C, which are especially
favorable for vector growth [8]. Research conducted in Lahore shows that mosquito popu-
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lations drastically decrease when temperatures drop below 16 °C, as tropical mosquitoes
can successfully finish their life cycles at higher temperatures [9]. The epidemic of dengue
and other infections was made worse by the catastrophic flooding events that occurred
in 2010-2012, which increased mosquito exposure. During that time, Pakistan recorded
the largest number of dengue cases in decades [10]. Rapid economic development and
urbanization have contributed to the spread of diseases carried by mosquitoes. A. aegypti
and A. albopictus, the main vectors of dengue and chikungunya, flourish in overcrowded
cities with inadequate infrastructure [11]. The danger of outbreaks is further increased by
the poor management of water and waste resources in urban slums, which makes it more
likely for mosquitoes to spawn in standing water. The spread of these diseases has also
been aided by globalization, which has led to an increase in trade and travel. For example,
A. aegypti, originally native to Africa, has spread to other parts of the world including
Pakistan, primarily due to international trade and the movement of used tires, which serve
as a significant mosquito dispersal [12]. The potential of arboviral infection transmission
across borders is further increased by Pakistan’s main cargo port, which is situated on the
Arabian Sea [13].

The public health hazards linked to diseases conveyed by mosquitoes are made worse
by the country’s pervasive unsanitary conditions. There exists an abundance of water
supply alongside a lack of clean drinking water, improper sanitation, and ineffective waste
management practices in Pakistan, which facilitates the breeding of mosquito larvae. Due
to these factors, vector-borne diseases like dengue and chikungunya have become endemic,
particularly in slum communities in both rural and urban locations [14].

Furthermore, the observed circulation of neutralizing antibodies in seroprevalence
study-positive samples highlights ongoing infection routes for viruses carried by ticks and
mosquitoes. To address the threats posed by these arboviruses and their vectors, awareness
campaigns and preventive measures are needed [7,15-17]. There is an urgent need for
improved surveillance, focused research, and all-encompassing public health interventions
due to the increasing prevalence of diseases carried by mosquitoes and ticks, as well as the
ecological and behavioral variables that contribute to their proliferation. The objective of
this review is to present a comprehensive overview of the epidemiology of these vector-
borne viral infections in Pakistan, with an emphasis on pathogens that are spread by ticks
and mosquitoes.

2. Epidemiological Trends of Arboviral Diseases in Pakistan:
Mosquito-Borne and Tick-Borne Infections

2.1. Epidemiological Trends of Mosquito-Borne Diseases in Pakistan
2.1.1. Dengue Fever

Since the first recorded outbreak of dengue fever in 1994, involving over 1000 cases
in Karachi, the epidemiological landscape of the disease in Pakistan has significantly
changed [18]. Dengue has become more widespread and contagious, especially due to
urbanization and environmental changes [19].

Dengue fever has evolved from a rare occurrence to a widespread health risk in
Pakistan. Dengue expanded to neighboring provinces during an epidemic in 2005, when
395 cases were confirmed in Karachi, thereby becoming endemic across the country [19-21].
According to data from the National Institutes of Health, the number of cases has been on
the rise, with 22,938 cases recorded in 2017 and 48,906 cases in 2021 [2]. This increasing
trend continued as of October 2022, when 41,746 confirmed dengue cases were reported,
mostly in Sindh province as a result of heavy flooding (Figure 1, Table 1) [2].

One of the main causes of the increase in dengue cases is climate change. Around
33 million people were affected by the historic flooding in mid-2022, according to Pak-
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istan’s climate change minister, which raised the risk of mosquito-borne diseases even
further [20]. The spread of dengue has been facilitated by a confluence of unsanitary
conditions, stagnant water, and inappropriate urban design. The collapse of drainage sys-
tems has caused problems in Karachi in particular, flooding neighborhoods with stagnant
water mixed with sewage and creating breeding grounds for mosquitoes such as A. aegypti
and A. albopictus [20]. The World Health Organization (WHO) has also observed that
the prevalence of dengue is made worse by favorable monsoon weather and insufficient
vector control methods. The effects of climate change, particularly in the form of excessive
rainfall, highlight the connection between environmental factors and the breakdown of
health infrastructure [22,23]. The current situation is made more complex by the prevalence
of dengue serotypes. Effective surveillance and prompt response are essential because the
coexistence of all four serotypes in Pakistan increases the risk of severe disease through re-
infection [24,25]. Pakistan announced 2795 new dengue cases by September 2024, primarily
from Balochistan, indicating a serious public health crisis that puts a burden on healthcare
systems across the country [25].

Over 1000 dengue patients might need to be treated simultaneously in towns like
Rawalpindi, putting significant strain on healthcare infrastructure. This burden emphasizes
the necessity of an integrated strategy that addresses the socioeconomic factors influencing
the spread of disease as well as preventive and therapeutic interventions [26].

To reduce the dengue outbreak, a multisectoral strategy is necessary. It is essential
to upgrade infrastructure, especially drainage systems, to avoid standing water buildup,
which provides mosquitoes with a breeding site. Eliminating Aedes mosquito habitats in
urban settings requires effective water management techniques [27]. Furthermore, im-
proving health surveillance systems, educating healthcare professionals, and guaranteeing
prompt case management are all essential components of better epidemic control. The
national dengue response plan can be improved through cooperation with foreign partners
by utilizing their resources and knowledge [28]. Establishing long-term solutions requires
investing in creative mosquito control techniques in addition to prioritizing sustainable
vector control measures. To obtain funds for epidemic preparedness and to support public
health initiatives, it is also essential to advocate for resource mobilization on a national and
international scale [29].

2.1.2. Chikungunya Virus

The chikungunya virus (CHIKV), an arbovirus which spread primarily by Aedes
mosquitoes, has reappeared as a significant public health problem in Pakistan. The virus
was first discovered in the country in 1983, but it paused before making a comeback during
a significant epidemic that began in December 2016 [30]. The CHIKV virus was first
discovered in Pakistan in 1983, but it was not reported until the 2016 outbreak that it made
a significant comeback [30]. According to the Ministry of Health Services, Regulation, and
Coordination (NHSRC), the WHO formally recognized the outbreak in December 2016 and
found that over 30,000 suspected cases had been confirmed by RT-PCR [31]. Health officials
observed that the first wave of infections occurred during a time when temperatures rose,
creating ideal circumstances for mosquito breeding [32]. The virus has thrived in the
country due to its geographic and climatic characteristics, which have been exacerbated by
urbanization. The problem has been made worse by rapid population expansion and poor
sanitary infrastructure, which have given mosquitoes perfect breeding grounds and caused
catastrophic epidemics in big cities like Karachi (Figure 1, Table 1) [31,33].

One important aspect affecting Pakistan’s chikungunya epidemiology is climate
change. According to reports, the rise of arboviral diseases like chikungunya and other
diseases like dengue has been facilitated by rising temperatures and unpredictable rainfall
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patterns [31]. This is made worse by the poor hygienic conditions that are common in
many metropolitan areas, especially in Karachi and other cities. The absence of effective
vector control methods exacerbates the public health emergency, underscoring the need for
prompt actions, including targeted strategies for vector reduction and improvements in san-
itary infrastructure to prevent further transmission [30]. Although chikungunya can cause
a variety of symptoms, its main ones are rash, severe joint pain, and a high fever. Following
an acute infection, patients may occasionally experience severe aftereffects that include
neurological, cardiovascular, pulmonary, renal, ophthalmic, and cutaneous issues [31]. The
crippling joint pain is frequently chronic, greatly affecting quality of life and adding to
the strain on medical services. The reappearance of chikungunya is a significant public
health challenge for Pakistan, especially given the demand for already scarce healthcare
resources caused by concurrent outbreaks of other mosquito-borne diseases like dengue.
Reducing the danger of CHIKV and other arboviral infections requires efficient manage-
ment, surveillance, and public health education programs [34]. A diversified strategy is
required to effectively handle the chikungunya epidemic. To reduce the spread of viruses
by mosquitoes, it is essential to implement both preventative measures, such as eliminating
standing water, and control strategies, such as the use of insecticides [35,36]. Improving
urban sanitation and drainage infrastructure is essential to reducing mosquito breeding
grounds. Resolving these infrastructure issues will significantly reduce the likelihood of
future outbreaks [37]. Strong surveillance measures must be put in place to identify CHIKV
patients early. Early detection of outbreaks can help with quick response times and reduce
the virus’s ability to spread throughout populations [38,39]. Further investigation of the
pathogenicity and epidemiology of CHIKV will contribute to the development of public
health initiatives. Working together with global health organizations can improve resource
mobilization and strengthen outbreak response [39,40].

2.1.3. West Nile Virus (WNV)

The arbovirus known as West Nile virus (WNV), which is mainly spread by mosquitoes
of the Culex genus, has become a serious public health issue in Pakistan ever since it was
first isolated in 1966 [41]. The virus has become established in the ecosystems of the
country, and both domestic and wild animal populations are affected [42]. The purpose
of this review is to look at the epidemiological patterns of West Nile virus (WNV) in
Pakistan, identify challenges in its surveillance and management, and discuss strategies for
improving prevention and control. Significant rates of WNV prevalence were found in a
variety of animal species in later research, most notably a seroepidemiological evaluation
carried out in Punjab Province. West Nile virus (WNYV) primarily depends on birds as its
main reservoirs. Domestic animals, such as dogs and horses, and wild animals, including
squirrels, blue jays, and crows, can also act as important reservoirs in the transmission
cycle. The need for better surveillance techniques has been highlighted by reports from
more recent years that show WNV infections in people can cause serious neurological
disorders [17]. Effective procedures must be put in place to monitor the spread of WNV
because it is present in a variety of environments.

Clinical manifestations of WNV infection in humans can vary from mild cases to
serious neurological conditions including encephalitis and meningitis. In 2018, a significant
serological survey found alarming evidence of neurological problems linked to WNV in
humans (Table 1) [17]. The severity and symptoms of WNV infections pose a significant
public health risk, inciting health authorities to improve their surveillance and early detec-
tion efforts. An urgent call to action for improved public health response mechanisms is
necessary since cases of neurological diseases linked to WNV have put increasing strain on
healthcare services. The severity of the situation and the necessity of prompt care are high-
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lighted by the rising frequency of neurological symptoms linked to WNV infections [43].
Urbanization and climate change are two ecological and environmental elements that
are intimately related to WNV epidemiology. The dynamics of virus transmission are
significantly influenced by the geographic distribution of vector mosquitoes, especially the
Culex species that are known to transmit WNV. Furthermore, Pakistan’s climate, which is
marked by temperature variations and monsoon rains, might affect mosquito populations
and activity levels. Developing successful control methods requires an understanding
of the interactions between these environmental factors and WNV epidemiology [44]. A
diversified strategy is necessary to lessen the negative effects of WNV on public health
in Pakistan. The prompt detection of WNV cases and outbreaks will be made possible
by the establishment of extensive surveillance systems for populations, domestic animals,
and wild populations [44]. Research on the dynamics of WNV transmission and its ef-
fects on public health must continue. Improving reaction capacities and enabling prompt
case management are two benefits of teaching medical personnel to identify and treat
WNV infections [45].

2.1.4. Japanese Encephalitis (JE)

In Pakistan, Japanese encephalitis (JE) is a serious public health concern because of
the environmental factors and appropriate vectors that allow the Japanese encephalitis
virus (JEV) to spread [46]. Although JEV has historically gone mostly undetected, recent
serological tests show that the disease is present in the area, requiring significant advance-
ments in monitoring and diagnostic capacities. In Asia, Japanese encephalitis is the most
common viral encephalitis caused by the JEV, which is mostly spread by Culex species,
especially tritaeniorhynchus. Early in the 20th century, JEV was first identified; the first cases
were reported in Japan in the 1920s, and outbreaks later occurred in other Asian countries,
including Pakistan. Studies conducted in Karachi throughout the 1980s and 1990s found
the first recorded case of JE in Pakistan by the use of nucleic acid testing in encephalitis
patients [47]. Research has verified the presence of JEV in both humans and domestic
animals, underscoring the possibility of human-to-human transmission in Pakistan.

The paucity of historical JE case reporting in Pakistan has made it difficult to com-
prehend the effect and spread of the disease. However, the frequency of the virus is
starting to become clearer through recent serological surveys. In Punjab, for instance,
a seroepidemiological investigation showed high infection rates in both domestic and
wild animal populations, suggesting that the virus is still spreading. In southern Punjab,
immunoglobulin M (IgM) against JEV was found in individuals with feverish illnesses
in 2018 [2,44]. Additionally, a study conducted between 2015 and 2018 in two acute care
hospitals in Karachi confirmed six positive cases of JEV-IgM in serum and cerebrospinal
fluid samples from patients diagnosed with encephalitis (Table 1) [48]. This emphasizes the
urgent need for increased knowledge and enhanced diagnostic skills to properly identify
and handle instances.

The clinical manifestations of JE may differ from asymptomatic infections to severe
neurological disease, with a case fatality rate reported between 20% and 30%. Survivors
frequently experience serious aftereffects, such as mental health issues and neurological
damage. Although the majority of human JEV infections are asymptomatic, they can
cause anything from a low-grade fever to potentially fatal encephalitis; roughly one in
every 300 cases can result in serious complications such as meningoencephalitis or flaccid
paralysis [13]. In endemic locations, the WHO estimates that the annual incidence of
JE is 10% [49]. Because co-circulating flaviviruses like West Nile virus (WNV) and dengue
virus (DENV) make serological testing more difficult, public health authorities in Pakistan
have a difficult time detecting JE. Additionally, the Karachi investigation conducted from
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2015 to 2018 revealed serological cross-reactivity with DENV and WNV, which makes it
difficult to confirm or rule out local JEV transmission [49]. It is critical to increase knowledge
of the risk factors for JE and the value of vaccination. The foundation for JE control is
vaccination. To reduce the disease burden in high-risk locations, the JE vaccine must be
incorporated into national immunization programs. Understanding the environmental
factors that encourage mosquito reproduction might help communities take proactive
measures to reduce hazards [16,50].

2.1.5. Zika Virus (ZIKV)

ZIKV is a newly discovered mosquito-borne virus that is similar to dengue virus
(DENV) and chikungunya virus (CHIKV) in terms of clinical signs and transmission
vectors [51]. Nowadays, A. aegypti and A. albopictus, the main vectors of these viruses, are
found in many cities in Pakistan. These mosquito species persist in their success even after
control measures have been put in place due to the availability of breeding grounds [52].

Apart from its clinical resemblance to CHIKV and DENYV, ZIKYV is specifically linked
to serious consequences such as adult Guillain-Barré syndrome (GBS) and neonatal micro-
cephaly [53]. Though no confirmed ZIKV cases have been documented, unknown causes
of newborn microcephaly and GBS have been described in Pakistan [17]. According to
historical records, ZIKV was circulating in the area as early as 1983, when serological
investigations found ZIKV antibodies in domestic animals, rodents, and humans [17,54].
Seroprevalence investigations conducted more recently have shown that human exposure
rates of 6.48% highlight the historical presence of ZIKV and its possible effects on the
Pakistani population [55].

Lack of knowledge and diagnostic ability is a significant barrier to ZIKV identification
in Pakistan. Over 60% of the population lives in rural areas, where people tend to delay
getting medical attention for minor ailments including rash, fever, conjunctivitis, and joint
discomfort. Medical professionals are also more inclined to diagnose dengue due to its
endemicity over the last 10-12 years [53]. Additionally, successful screening attempts
are hampered by the lack of ZIKV-specific diagnostic kits at the local practitioner level.
Laboratory confirmation of ZIKV infections is made more difficult by cross-reactivity with
DENYV and other flaviviruses [54].

The fact that Pakistan is geographically close to countries where ZIKV cases have
been documented makes the threat of ZIKV much more serious (Table 1). In May 2016, for
example, India’s health ministry confirmed three cases in Gujarat, a state that borders Sindh
province in Pakistan [56]. In the same way, a ZIKV imported case was reported in February
2017 in Henan Province of China. The patient had just returned from an endemic region of
ZIKV in Central America [56]. The possibility of ZIKV emergence in Pakistan is highlighted
by these regional reports and the history of dengue outbreaks in the country [54].

ZIKV is a serious threat to Pakistan, according to predictive models, especially in
heavily populated cities like Karachi and Lahore. Rapid urbanization, the growth of slum
areas, and the rise in vector populations make these cities prime locations for a possible
outbreak [15,57]. Pakistan was one of 12 Asian countries that the Centers for Disease
Control and Prevention (CDC) designated as having a high risk of suffering from a ZIKV
outbreak in September 2016. It is also possible that ZIKV was introduced into Pakistan by
foreign visitors, according to the CDC’s qualitative analysis of inbound aviation traffic from
ZIKV-endemic areas, such as Miami, Singapore, Florida, and Brazil [8,54]. It is essential to
improve Pakistan’s surveillance and diagnosis capabilities because of the serious health
consequences and explosive breakout potential of ZIKV.
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2.2. Epidemiological Trends of Tick-Borne Diseases in Pakistan
2.2.1. Severe Fever with Thrombocytopenia Syndrome Virus (SFTSV)

A new tick-borne virus known as severe fever with thrombocytopenia syndrome
virus (SFTSV) is associated with severe hemorrhagic fever, which presents serious public
health issues. According to recent seroprevalence investigations conducted in Faisalabad,
Pakistan, the estimated exposure rate to SFTSV among healthy individuals is 17.38%, which
is alarming [58]. Since it was first identified during an outbreak in China in 2009, SFTSV
has been acknowledged as a public health concern in several East Asian countries, such
as Japan and South Korea. Ticks are the main vectors of SFTSV, especially those of the
genus Haemaphysalis, with Haemaphysalis longicornis being the most prevalent vector [59].
People in endemic areas are highly susceptible to infection, especially those who work in
agriculture or outdoor activities, as the virus is spread to humans through tick bites.

The significance of comprehending both the spatial distribution of vectors and the
dynamics of SFTSV transmission is highlighted by the seroprevalence numbers from
Faisalabad. The reported exposure rate of 17.38% among healthy adults indicates that
the virus is widely circulated throughout the population. Furthermore, the finding of
neutralizing antibodies in a portion of positive samples raises the possibility that some
people may have contracted the virus and established an immunological response. This
suggests the existence of ongoing infection routes, which need careful observation [58].

Mortality rates can rise sharply as the illness frequently develops into more severe
diseases such as hemorrhagic symptoms and multi-organ failure [60]. The potential severity
of SFTSV infections has been highlighted by the WHO'’s report of varying case fatality
rates in various geographic regions, which range from 5% to over 30% [61]. The clinical
symptoms of SFTSV patients vary, usually starting as mild flu-like symptoms and develop-
ing into more severe ones as the disease worsens. When the disease is advanced, infected
patients may first exhibit mild symptoms like fever, exhaustion, and gastrointestinal issues
before developing more serious symptoms including severe hemorrhagic signs and neuro-
logical symptoms [60,62]. Public health authorities must put in place thorough plans for
tracking and managing this viral infection because of the high seroprevalence of SFTSV in
Faisalabad and the health hazards it poses [63]. The establishment of improved surveil-
lance methods is necessary to track SFTSV activity in human cases as well as among tick
populations. This will allow for the prompt detection of epidemics and the application of
control measures [63,64]. To guarantee prompt detection and treatment of SFTSV infections,
accessible healthcare services must be improved [65]. It is critical to do ongoing research
on the epidemiology, clinical features, and efficacious vaccination or treatment approaches
of SFTSV. To inform focused actions, this study should concentrate on comprehending the
mechanisms of transmission in local contexts (Table 1) [66].

2.2.2. Crimean—Congo Hemorrhagic Fever Virus (CCHFV): An Emerging Health
Threat in Pakistan

Pakistan faces a serious public health threat from the Crimean-Congo hemorrhagic
fever virus (CCHFV), particularly during cultural celebrations such as Eid-ul-Azha, a major
Islamic festival where the slaughtering of animals may lead to increased contact with
livestock, a major source of CCHFV transmission. Tick bites, especially from members
of the Hyalomma genus, and contact with the body fluids of infected livestock are the
main ways by which this arbovirus is spread. According to recent studies, the population
in Faisalabad has an alarming seroprevalence of 7.59% for CCHFV, indicating a serious
level of exposure [7,17]. To control and lessen this viral danger, a comprehensive strategy
is required due to the rising risk of human infections and the underlying public health
deficits. The first recorded incidence of CCHFV infection in Pakistan occurred in 1976
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in a patient who had undergone laparotomy at Rawalpindi General Hospital. This led
to a nosocomial outbreak that claimed three lives [67]. Eight nosocomial transmissions
and fourteen epidemics were documented nationwide between 1976 and 2003, primarily
in the northwest and western regions. Annual occurrences of CCHFV infection were
documented from 1987 to 2001, with the first recorded case of CCHF occurring in Pakistan’s
Baluchistan province in 1978. The majority of CCHF patients with verified immunoglobin
M antibodies received their diagnoses between 2003 and 2008, according to the National
Institute of Health in Islamabad [68]. The provinces of Baluchistan (57 cases), Khyber
Pakhtunkhwa (20 cases), Punjab (6 cases), and Sindh (2 cases) had the highest number of
confirmed cases. Additionally, from 2010 to 2014, 286 CCHEF cases were documented, with
a death rate of 20-29% [69]. The World Health Organization reported four deaths in the
Khyber Pakhtunkhwa province in September 2013, two of which were linked to CCHEF. In
Abbottabad, Pakistan, all four victims were slaughterhouse employees and belonged to the
same family [70]. Other CCHF cases reported in 2013 included two confirmed cases from
the Killa Abdullah area and two suspected cases from the Musa Khail and Loralai districts
in the province of Baluchistan. Of the 72 suspected cases, the majority were reported
from various districts in Baluchistan, with a significant portion linked with same region
where confirmed cases were identified. Consequently, the state reported 16 mortalities
and 48 confirmed cases of CCHFV in 2013. Of the 62 suspected instances reported in
2012, 41 were confirmed cases, 18 of which resulted in fatalities [71]. Thirteen of these
deaths were confirmed by laboratory testing, and five were suspected cases of CCHF. In
addition, there were 23 confirmed cases from Baluchistan, 9 from Sindh, 6 from Khyber
Pakhtunkhwa, and 5 from Punjab. This was a concerning CCHF outbreak in 2016, with
86 positive cases and a 41% death rate. Moreover, the majority of CCHF-positive patients
were found between June and September of each year, with 55 cases recorded in 2017,
63 in 2018, 75 in 2019, and 28 in 2021. Between January and September of 2022, there
were also 123 CCHF cases and 25 fatalities reported [72]. The Ministry of National Health
Service, Regulations, and Coordination reported laboratory-confirmed CCHF cases from
several regions of Pakistan, indicating a patchy distribution from everywhere [73,74]. A
history of exposure, such as tick bites, contact with infected individuals, butchering or
animal slaughter, handling or trading animals, handling animal hides, and employment in
tanneries, was present in the majority of reported cases. A substantial amount of livestock
and animal skins are traded between countries, including Pakistan, particularly with Iran
and Afghanistan (Figure 1, Table 1) [5].

Pakistan has a high risk of contracting CCHFV due to several interrelated variables.
One of the main problems is the lack of adequate medical facilities, especially in rural
areas where medical infrastructure is frequently inadequate and unequipped to treat viral
hemorrhagic fevers. Patient outcomes deteriorate as a result of this deficiency’s interference
with prompt identification and therapy [75].

The situation is made worse by the notable lack of public understanding regarding
tick control measures. Many people in endemic areas don’t know how to successfully lower
their risk of tick exposure. To avoid tick bites, individuals should wear protective clothing,
use insect repellents, avoid areas with dense vegetation, and check for ticks regularly after
potential exposure, especially when there is a higher chance of human-animal contact [76].
In susceptible areas, a recurring cycle of illness and transmission is caused by the lack of
effective educational efforts, which exacerbates the difficulties in vector management. To
effectively tackle the public health hazard posed by CCHFV, a comprehensive strategy
that prioritizes prevention, education, and healthcare improvement is necessary [77]. It is
crucial to educate the public about the spread of CCHFV and prevent contact with potential
infection sources. Educational campaigns should focus on providing practical guidelines
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on safe animal handling, personal protective measures, hygiene practices, and the risks of
handling livestock, particularly during high-risk periods like the Eid-ul-Azha festival. The
best way to implement these campaigns through media platforms, community outreach,
and collaboration with local health authorities to ensure optimal efficacy and reach [76].
To keep an eye on tick populations and determine the risk of CCHFV transmission, it is
essential to put in place continuous vector surveillance programs [77,78]. Involving local
communities in public health programs, including forming cooperatives to manage ticks or
conducting educational outreach, encourages a sense of responsibility and accountability
for reducing the risks of CCHFV [72,79-81].

2.2.3. Tamdy Virus (TAMV) and Karshi Virus (KSIV)

Arboviruses, which are mainly spread by arthropods, have drawn more attention as
potential risks to public health because of their high rates of illness and mortality [82,83].
Karshi virus (KSIV) and Tamdy virus (TAMYV) are two viruses that are still mostly unknown,
especially in Pakistan. Although there have been prevalent reports of these viruses in
neighboring countries, until recently, there was little information available about them in
Pakistan [84,85]. This review highlights the findings of recent studies that reported their
epidemiological pathways and potential public health interventions. Tick-borne viruses
such as TAMYV and KSIV are linked to livestock and the ectoparasites that feed on them.
Their spread among tick populations and possible human spillover has been suggested by
studies conducted in various regions. Nevertheless, there have been no verified human
cases reported in Pakistan to date. Human serologic responses suggest that these viruses
are silently circulating in this region, triggering the need for additional investigation into
their ecology and transmission dynamics [86].

Tick species are the main vectors of both TAMYV and KSIV transmission. It is thought
that these viruses are amplified by livestock [87]. The ecological circumstances are con-
ducive to spreading TAMV and KSIV because of the high frequency of tick infestations in
Pakistan and the close interactions between animals and humans. The first concrete proof of
TAMYV and KSIV circulation in Pakistan was obtained by an epidemiological study in Faisal-
abad. The study found a KSIV seroprevalence of 1.10% (8/725; 95% CI: 0.56-2.16%) and
a TAMYV seroprevalence of 4.41% (32/725; 95% CI: 3.14-6.16%) using luciferase immuno-
precipitation system (LIPS) tests. These results demonstrate that antibodies against these
viruses are present in healthy people at a low but discernible prevalence [86]. Although
these values point to possible exposure, it is crucial to remember that none of the samples
presented TAMV or KSIV neutralizing activity, which raises concerns about the clinical sig-
nificance and strength of immune responses against these viruses (Figure 1, Table 1) [86].

When TAMV- and KSIV-positive samples show minimal neutralizing activity, it may be
a sign of either a weak immune response to these viruses or no active infection. The fact that
antibodies have been found in a sizable section of the population despite this highlights
the importance of being vigilant [86]. Tick-borne viruses, such as the Crimean—Congo
hemorrhagic fever virus (CCHFV) and the severe fever with thrombocytopenia syndrome
virus (SFTSV), are frequently linked to severe clinical syndromes [88]. The health risks
associated with TAMV and KSIV may therefore be underestimated. Pakistan has little
information about TAMV and KSIV because there are not any systematic surveillance or
diagnostic tools established. Among the main difficulties are diagnostic gaps because
current serological assays, such as LIPS, are helpful for preliminary detection but need to
be validated by neutralization tests or other confirmatory techniques. To more accurately
determine the prevalence and distribution of TAMYV and KSIV, larger population-based
studies are also desperately needed. Targeted entomological research is required since the
significance of particular tick species in the spread of TAMV and KSIV in Pakistan is still
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unknown. Furthermore, the lack of documented human cases raises concerns about these
viruses’ pathogenicity and clinical significance [86].

Table 1. Summarizes the reported cases of various Arboviruses in Pakistan, including the total
reported cases, reported deaths, fatality rates of cases (%), host species, and vector.

Reported Reported Case
Arbovirus Year Cl;ses Dgaths Fatality Vectors Host Species References
Rate %
Humans,
Dengue Fever B A. aegypti & A. Buffaloes, =
(DENV) 1994-2024 134985 360 0.26 albopictus Rodents, [2,22,25]
Sheep, Cattle
Chikungunya B R A. aegypti & A. Humans,
Viras (CHIKV) 1983-2018 31771 albopictus Rodents [30-52]
West Nile Virus B. pipiens & C. Human, 11 AP AA
(WNV) 1980-2024 398 1 0.25 quinquefasciatus horses [41,42,44]
Japanese . C. tritae- 10
Encephalitis (JE) 1980-2018 28 9 32.14 niorhynchus. Humans [49-51]
Zika Virus (ZIKV) ~ 2021-2024 86 - - A- acgypti & 4. Humans, [53,55,86]
albopictus livestock
Severe Fever with Humans
Thrombocytopenia 2020-2024 900 - - - lives tock/ [57,86]
Syndrome (SFTSV)
H. anatolicum
Crimean-Congo H. marginatum Humans,
Hemorrhagic Fever 1976-2024 1314 247 18.79 H. dromedarii Cattle, Sheep, [72,77,86]
Virus (CCHFV) Rhipicephalus goat
Spp.
Tamdy Virus
(TAMV) 2019-2014 32 - - - Humans [86]
Karshi Virus
(KSIV) 2019-2014 8 - - - Humans [86]

3. Discussion

A serious public health concern is shown by the variety of arboviruses found in Pak-
istan and their reported seroprevalence. These diseases, which range from chikungunya and
dengue to emerging viruses including CCHFV and SFTSV, are spread by mosquitoes and
ticks. The exposure risks to these diseases are greatly affected by important environmental
factors, including urbanization, climate change, and agricultural practices [7,57,58,89]. The
growing geographic range of mosquito species in Pakistan is one major concern. Dengue
was once limited to specific urban areas, but in recent years, the virus has moved to rural
areas, possibly as a result of rising A. aegypti spurred by demographic shifts and urbaniza-
tion. A similar example of the higher probability of arbovirus outbreaks in regions without
efficient mosquito control techniques is the chikungunya virus, which was once isolated in
the country and continues to spread [90,91].

Tick-borne diseases are spread via human—animal interactions as well as environmen-
tal factors. Increased human-livestock contact, particularly during seasonal celebrations
like Eid-ul-Azha, is a direct cause of a rise in zoonotic illnesses like Crimean—-Congo
hemorrhagic fever (CCHFV) [92]. The intricacy of controlling vector-borne diseases in Pak-
istan is highlighted by the interaction of human behavior, tick exposure, and agricultural
techniques [93,94]. The rising prevalence of numerous arbovirus co-exposure is a rising
challenge. Co-infections, including concurrent dengue and chikungunya infections, make
diagnosis and treatment more difficult because the symptoms of these diseases frequently
overlap. Clinicians in these situations are forced to use advanced diagnostics, which are
sometimes difficult to obtain in rural places. This emphasizes the necessity of rapid di-
agnostic testing as well as early warning systems to identify and distinguish between
various arboviral diseases. Public health systems must be equipped with the necessary
tools and training to deal with these challenges effectively [86]. Dengue has been the main
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focus of public education and awareness campaigns for arbovirus prevention, but other
newly developing arboviral diseases including Zika, West Nile virus, and SFTSV also
need to be addressed. In rural areas, where the hazards of diseases spread by ticks and
mosquitoes are frequently underestimated, education programs should reach out beyond
urban areas. A key component of these initiatives should be integrated vector management,
which includes educating the public about avoid conditions that favor mosquitos’ life cycle
and reducing livestock exposure to ticks. A significant constraint on this research is the
absence of information regarding the frequency of arboviruses in Pakistani indigenous
vectors and reservoirs. Although species like A. aegypti, A. albopictus, and ticks (Hyalomma,
Rhipicephalus) are present, their role in arbovirus transmission remains unclear. Future
research should concentrate on monitoring these vectors and reservoirs to determine the
prevalence of the virus, as this is crucial for comprehending the dynamics of transmission
and enhancing vector control strategies.

Finally, seroprevalence statistics from different parts of Pakistan suggest that a large
number of people may have already been exposed to arboviral infections, with many
asymptomatic cases remaining unreported. This emphasizes the significance of improving
surveillance programs for tick and mosquito vectors and incorporating these initiatives
into more comprehensive public health plans. In addition to controlling current epidemics,
the healthcare system should promote a culture of anticipation and research to predict and
prevent future outbreaks [86]. A comprehensive national health policy that emphasizes
surveillance, early detection, and prevention must incorporate the current efforts to address
arboviral infections in Pakistan. To reduce the risks and guarantee that Pakistan’s healthcare
system is resilient to future arboviral threats, a comprehensive strategy that integrates
public health policy, research, and community participation would be necessary.

4. Future Perspectives

Particularly in light of continuous climatic change, urbanization, and enduring so-
cioeconomic difficulties, there is a considerable risk that diseases carried by ticks and
mosquitoes would spread to new areas of Pakistan. Diseases like dengue, chikungunya,
Zika, Crimean—Congo hemorrhagic fever (CCHFV), and tick-borne encephalitis are spread
by vector species, such as A. aegypti and A. albopictus (mosquitoes) and Hyalomma and
Rhipicephalus (ticks), whose geographic distribution has been altered by global warming.
The potential of new outbreaks is increased as these vectors may spread into areas that
were previously unaffected by these illnesses when temperatures rise and rainfall patterns
change [95].

In addition to climate change, the population of mosquito-borne diseases is exac-
erbated by urbanization and rising population density in major cities such as Karachi,
Lahore, and Islamabad, which create ideal circumstances for mosquito breeding [96]. At
the same time, rural areas are more susceptible to tick-borne illnesses due to increased
agricultural activities and close contact with livestock. Tick-borne infections are partic-
ularly likely to spread in areas with high livestock populations, notably in places like
Punjab and Balochistan.

A multifaceted public health response is necessary to properly address these issues.
Enhanced entomological monitoring, real-time disease surveillance systems, and upgraded
virus and pathogen screening laboratories are vital components of a national strategy.
This involves monitoring ticks in addition to mosquitoes to have a better understanding
of the dynamics of diseases spread by ticks. To control mosquito and tick populations,
priority should be given to integrated vector management (IVM), which incorporates
insecticide-treated nets, indoor residual spraying, environmental management, and sus-
tainable livestock tick control techniques [97].
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Moreover, the deployment of a One Health approach which combines human, an-
imal, and environmental health is crucial in addressing the interconnection of zoonotic
diseases [98]. This strategy would encourage interdisciplinary cooperation among vet-
erinarians, entomologists, environmental scientists, and medical professionals to address
the underlying causes of disease transmission, including deforestation, poor sanitation,
inappropriate waste disposal, and animal reservoir management [99]. Particular atten-
tion should be given to rural communities and livestock handlers who are particularly
vulnerable to tick-borne diseases.

Response times during outbreaks will be greatly accelerated by raising public aware-
ness of vector control methods and developing the ability of local public health authorities
and healthcare providers. Reducing morbidity and mortality requires healthcare profes-
sionals to be trained in the rapid identification and diagnosis of diseases spread by ticks
and mosquitoes. Communities in high-risk locations should also be the focus of public
awareness campaigns that inform them of personal preventive measures, including apply-
ing insect repellent, using bed nets, removing breeding grounds, avoiding close contact
with livestock, and getting medical help as soon as possible [98]. These efforts should
also include preventive measures including treating livestock properly, avoiding ticks, and
using acaricides in agricultural contexts. A comprehensive approach that simultaneously
tackles diseases spread by ticks and mosquitoes will guarantee a more resilient and strong
response to new zoonotic threats. This combined approach is critical in the face of climate
change and environmental shifts that are altering the epidemiology of vector-borne diseases
in Pakistan.

5. Conclusions

The epidemiology of diseases spread by mosquitoes and ticks in Pakistan is a challeng-
ing and dynamic public health issue that requires immediate awareness and control. The
rise in diseases like dengue, chikungunya, and Crimean—Congo hemorrhagic fever become
more severe due to urbanization, poor sanitation, climate change, and increased human-
animal interactions. These factors work together to spread existing arboviral infections and
to increase the risk of new pathogen outbreaks in previously unaffected areas.

There is a substantial silent burden of arboviral diseases, as shown by the evidence of
broad seroprevalence rates among communities. This emphasizes the need for improved
surveillance and monitoring methods. Implementing a One Health strategy that combines
environmental, animal, and human health will promote interdisciplinary cooperation and
provide a comprehensive framework for addressing the factors that contribute to the spread
of zoonotic diseases.

To mitigate the spread of vector-borne diseases, a coordinated approach is essential.
It is crucial to educate populations about vector-borne diseases hazards and protective
measures. Educational programs should focus on enabling individuals to take preventive
measures, such as wearing protective clothing, using insect repellent, and eliminating
mosquito breeding grounds around their homes [46,47,60,80]. Advanced research facilities,
surveillance, community education, vector control, appropriate waste management, and
animal handling procedures should be the main focuses of disease control strategies. By
integrating these strategies into a comprehensive public health framework, Pakistan can
better address the challenges posed by vector-borne diseases and protect its population.

Furthermore, especially in high-risk locations, successful public health initiatives must
place a strong priority on community education and awareness, emphasizing vector control
strategies, appropriate waste management, and animal handling procedures. It is essential
to establish advanced research facilities and strong real-time disease surveillance systems
to enable prompt responses and lower the morbidity and fatality rates related to these



Viruses 2025, 17, 232 14 of 18

diseases. A comprehensive approach that tackles the interconnected problems that arise
from diseases spread by ticks and mosquitoes is ultimately necessary for Pakistan’s public
health to thrive in the future. Pakistan might strengthen its ability to resist emerging
arboviral threats and protect the health of its people in the face of urbanization and climate
change by encouraging cross-sector cooperation, increasing community involvement, and
funding research and infrastructure.

Author Contributions: M.A.: Conceptualization, literature review, writing—original draft, writing—
review and editing. M.M.: Literature search, data organization, writing—review and editing. C.Y.:
Literature search, drafting sections, writing—review and editing. Y.Z.: Assistance with literature
review and table preparation. Y.E.: Data visualization, formatting, and proofreading. S.S.: Supervision,
funding acquisition, project administration, writing—review and editing. F.D.: funding acquisition,
supervision, project administration, writing—review and editing. All authors have read and agreed
to the published version of the manuscript.

Funding: This study is supported by the National Key R&D Program of China (2023YFC2305900,
2024YFC2310000, 2022YFC2305100, 2022YFC2302700), the National Natural Science Foundation of
China (U22A20363), and the Youth Project of the Wuhan Institute of Virology, Chinese Academy of
Sciences (2023QNTJ-03).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: All the data generated during the current study are included in
the manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

Butt, M.H.; Safdar, A.; Amir, A.; Zaman, M.; Ahmad, A.; Saleem, R.T.; Misbah, S.; Khan, Y.H.; Mallhi, T.H. Arboviral diseases
and COVID-19 coincidence: Challenges for Pakistan’s derelict healthcare system. J. Med. Virol. 2021, 93, 6465-6467. [CrossRef]
[PubMed]

Khan, U.; Azeem, S. The rising toll of dengue cases in Pakistan every year: An incipient crisis. Ann. Med. Surg. 2022, 76, 103549.
[CrossRef]

Awan, U.A.; Zahoor, S.; Ayub, A.; Ahmed, H.; Aftab, N.; Aftab, N.; Afzal, M.S. COVID-19 and arboviral diseases: Another
challenge for Pakistan’s dilapidated healthcare system. J. Med. Virol. 2020, 93, 4065. [CrossRef] [PubMed]

Badar, N.; Salman, M.; Ansari, ].; Aamir, U.; Alam, M.M.; Arshad, Y.; Mushtaq, N.; Ikram, A.; Qazi, ]. Emergence of Chikungunya
Virus, Pakistan, 2016-2017. Emerg. Infect. Dis. 2020, 26, 307-310. [CrossRef]

Kasi, KK.; von Arnim, F;; Schulz, A.; Rehman, A.; Chudhary, A.; Oneeb, M.; Sas, M.A.; Jamil, T.; Maksimov, P; Sauter-Louis, C.;
et al. Crimean-Congo haemorrhagic fever virus in ticks collected from livestock in Balochistan, Pakistan. Transbound. Emerg. Dis.
2020, 67, 1543-1552. [CrossRef] [PubMed]

Waris, A.; Anwar, E; Asim, M.; Bibi, F. Is the bell ringing for another outbreak of Crimean-Congo hemorrhagic fever in Pakistan?
Public Heal. Pr. 2022, 4, 100319. [CrossRef]

Zohaib, A.; Saqib, M.; Athar, M.; Hussain, M.; Sial, A.-U.-R,; Tayyab, M.; Batool, M.; Sadia, H.; Taj, Z.; Tahir, U.; et al. Crimean-
Congo Hemorrhagic Fever Virus in Humans and Livestock, Pakistan, 2015-2017. Emerg. Infect. Dis. ]. 2020, 26, 773. [CrossRef]
Mordecai, E.A.; Cohen, ].M.; Evans, M.V.; Gudapati, P.; Johnson, L.R.; Lippi, C.A.; Miazgowicz, K.; Murdock, C.C.; Rohr, J.R,;
Ryan, S.J.; et al. Detecting the impact of temperature on transmission of Zika, dengue, and chikungunya using mechanistic
models. PLoS Neglected Trop. Dis. 2017, 11, e0005568. [CrossRef] [PubMed]

Rasheed, S.B.; Butlin, R.K.; Boots, M. A review of dengue as an emerging disease in Pakistan. Public. Health 2013, 127, 11-17.
[CrossRef]

Saeed, U.; Piracha, Z.Z. Viral outbreaks and communicable health hazards due to devastating floods in Pakistan. World J. Virol.
2016, 5, 82-84. [CrossRef]

Aamir, U.B.; Badar, N.; Salman, M.; Ahmed, M.; Alam, M.M. Outbreaks of chikungunya in Pakistan. Lancet Infect. Dis. 2017,
17,483. [CrossRef]

Suleman, M.; Arshad, M.; Khan, K. Yellowfever mosquito (Diptera: Culicidae) introduced into Landi Kotal, Pakistan, by tire
importation. . Med. Entomol. 1996, 33, 689-693. [CrossRef] [PubMed]


https://doi.org/10.1002/jmv.27241
https://www.ncbi.nlm.nih.gov/pubmed/34324213
https://doi.org/10.1016/j.amsu.2022.103549
https://doi.org/10.1002/jmv.26668
https://www.ncbi.nlm.nih.gov/pubmed/33200437
https://doi.org/10.3201/eid2602.171636
https://doi.org/10.1111/tbed.13488
https://www.ncbi.nlm.nih.gov/pubmed/31961043
https://doi.org/10.1016/j.puhip.2022.100319
https://doi.org/10.3201/eid2604.191154
https://doi.org/10.1371/journal.pntd.0005568
https://www.ncbi.nlm.nih.gov/pubmed/28448507
https://doi.org/10.1016/j.puhe.2012.09.006
https://doi.org/10.5501/wjv.v5.i2.82
https://doi.org/10.1016/S1473-3099(17)30191-3
https://doi.org/10.1093/jmedent/33.4.689
https://www.ncbi.nlm.nih.gov/pubmed/8699469

Viruses 2025, 17, 232 15 of 18

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Imran, M.; Saleemi, M.K.; Chen, Z.; Wang, X.; Zhou, D.; Li, Y.; Zhao, Z.; Zheng, B.; Li, Q.; Cao, S.; et al. Decanoyl-Arg-Val-Lys-
Arg-Chloromethylketone: An Antiviral Compound That Acts against Flaviviruses through the Inhibition of Furin-Mediated prM
Cleavage. Viruses 2019, 11, 1011. [CrossRef] [PubMed]

Roberts, A.; Kemp, C. Infectious diseases of refugees and immigrants: Dengue fever. . Am. Acad. Nurse Pract. 2001, 13, 243-245.
[CrossRef]

Khan, J.; Khan, I.; Amin, I. A Comprehensive Entomological, Serological and Molecular Study of 2013 Dengue Outbreak of Swat,
Khyber Pakhtunkhwa, Pakistan. PLoS ONE 2016, 11, e0147416. [CrossRef] [PubMed]

Samsudin, N.A.; Othman, H.; Siau, C.S.; Zaini, Z.-L1. Exploring community needs in combating aedes mosquitoes and dengue
fever: A study with urban community in the recurrent hotspot area. BMC Public. Health 2024, 24, 1651. [CrossRef]

Imran, M.; Ye, J.; Saleemi, M.K,; Shaheen, L; Zohaib, A.; Chen, Z.; Cao, S. Epidemiological trends of mosquito-borne viral diseases
in Pakistan. Anim. Dis. 2022, 2, 5. [CrossRef]

Khan, J.; Khan, I.; Ghaffar, A.; Khalid, B. Epidemiological trends and risk factors associated with dengue disease in Pakistan
(1980-2014): A systematic literature search and analysis. BMC Public Health 2018, 18, 745. [CrossRef] [PubMed]

Zohra, T;; Din, M.; Ikram, A.; Bashir, A.; Jahangir, H.; Baloch, L.S.; Irshad, S.; Waris, A.; Salman, M.; Iqtadar, S.; et al. Demographic
and clinical features of dengue fever infection in Pakistan: A cross-sectional epidemiological study. Trop. Dis. Travel Med. Vaccines
2024, 10, 11. [CrossRef] [PubMed]

Khan, M.A ; Imtiaz, K.; Shafaq, H.; Farooqj, J.; Hassan, M.; Zafar, A.; Long, M.T.; Barr, K.L.; Khan, E.J.V.S. Screening for arboviruses
in healthy blood donors: Experience from Karachi, Pakistan. Virol. Sin. 2022, 37, 774. [CrossRef]

Tabassum, S.; Naeem, A.; Nazir, A.; Naeem, F,; Gill, S.; Tabassum, S. Year-round dengue fever in Pakistan, highlighting the
surge amidst ongoing flood havoc and the COVID-19 pandemic: A comprehensive review. Ann. Med. Surg. 2023, 85, 908-912.
[CrossRef] [PubMed]

World Health Organization. Dengue-Global Situation. 2024. Available online: https://www.who.int/emergencies/disease-
outbreak-news /item/2024-DON518 (accessed on 30 May 2024).

Abdulsalam, FI.; Antunez, P; Yimthiang, S.; Jawjit, W. Influence of climate variables on dengue fever occurrence in the southern
region of Thailand. PLoS Glob. Public Health 2022, 2, €0000188. [CrossRef] [PubMed]

Ladner, J.; Rodrigues, M.; Davis, B.; Besson, M.-H.; Audureau, E.; Saba, J. Societal impact of dengue outbreaks: Stakeholder
perceptions and related implications. A qualitative study in Brazil, 2015. PLoS Neglected Trop. Dis. 2017, 11, e0005366. [CrossRef]
[PubMed]

Aftab, S.; Yaqoob, E.; Javed, S. Dengue epidemic: Pakistan on alert. Lancet 2024, 404, 1807. [CrossRef] [PubMed]
Dengue—Pakistan. 2024. Available online: https://www.nhsrc.gov.pk/LatestNews (accessed on 21 March 2024).

Overgaard, H.J.; Dada, N.; Lenhart, A.; Stenstrom, T.A.B.; Alexander, N. Integrated disease management: Arboviral infections
and waterborne diarrhoea. Bull. World Health Organ. 2021, 99, 583-592. [CrossRef]

Feng, X,; Jiang, N.; Zheng, J.; Zhu, Z.; Chen, |.; Duan, L.; Song, P; Sun, J.; Zhang, X.; Hang, L.; et al. Advancing knowledge of One
Health in China: Lessons for One Health from China’s dengue control and prevention programs. Sci. One Health 2024, 3, 100087.
[CrossRef] [PubMed]

Lu, H.Z,; Sui, Y.; Lobo, N.F;; Fouque, F.; Gao, C.; Lu, S.; Lv, S.; Deng, S.Q.; Wang, D.Q. Challenge and opportunity for vector control
strategies on key mosquito-borne diseases during the COVID-19 pandemic. Front. Public Health 2023, 11, 1207293. [CrossRef]
[PubMed]

Rauf, M.; Fatima Tuz, Z.; Manzoor, S.; Mehmood, A.; Bhatti, S. Outbreak of chikungunya in Pakistan. Lancet Infect. Dis. 2017,
17,258. [CrossRef]

Barr, K.L.; Khan, E.; Farooqi, J].Q.; Imtiaz, K.; Prakoso, D.; Malik, F; Lednicky, J.A.; Long, M.T. Evidence of Chikungunya Virus
Disease in Pakistan Since 2015 With Patients Demonstrating Involvement of the Central Nervous System. Front. Public Health
2018, 6, 186. [CrossRef]

Khongwichit, S.; Chansaenroj, J.; Chirathaworn, C.; Poovorawan, Y. Chikungunya virus infection: Molecular biology, clinical
characteristics, and epidemiology in Asian countries. J. Biomed. Sci. 2021, 28, 84. [CrossRef] [PubMed]

Igtadar, S.; Akram, J.; Khan, A. The Urgent Need for Dengue Vaccination: Combating an Escalating Public Health Crisis in
Pakistan. Vaccines 2024, 12, 913. [CrossRef]

Badar, N.; Salman, M.; Ansari, J.; Ikram, A.; Qazi, J.; Alam, M.M. Epidemiological trend of chikungunya outbreak in Pakistan:
2016-2018. PLoS Neglected Trop. Dis. 2019, 13, €0007118. [CrossRef]

Abdul-Ghani, R.; Fouque, F.; Mahdy, M.A K.; Zhong, Q.; Al-Eryani, SM.A.; Alkwri, A.; Beier, ].C. Multisectoral Approach to
Address Chikungunya Outbreaks Driven by Human Mobility: A Systematic Review and Meta-Analysis. J. Infect. Dis. 2020, 222,
S5709-5716. [CrossRef]

Cortes, N.; Lira, A.; Prates-Syed, W.; Dinis Silva, J.; Vuitika, L.; Cabral-Miranda, W.; Duraes-Carvalho, R.; Balan, A.; Cabral-
Marques, O.; Cabral-Miranda, G. Integrated control strategies for dengue, Zika, and Chikungunya virus infections. Front.
Immunol. 2023, 14, 1281667. [CrossRef] [PubMed]


https://doi.org/10.3390/v11111011
https://www.ncbi.nlm.nih.gov/pubmed/31683742
https://doi.org/10.1111/j.1745-7599.2001.tb00028.x
https://doi.org/10.1371/journal.pone.0147416
https://www.ncbi.nlm.nih.gov/pubmed/26848847
https://doi.org/10.1186/s12889-024-18965-1
https://doi.org/10.1186/s44149-021-00034-4
https://doi.org/10.1186/s12889-018-5676-2
https://www.ncbi.nlm.nih.gov/pubmed/29907109
https://doi.org/10.1186/s40794-024-00221-4
https://www.ncbi.nlm.nih.gov/pubmed/38581059
https://doi.org/10.1016/j.virs.2022.07.008
https://doi.org/10.1097/MS9.0000000000000418
https://www.ncbi.nlm.nih.gov/pubmed/37113909
https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON518
https://www.who.int/emergencies/disease-outbreak-news/item/2024-DON518
https://doi.org/10.1371/journal.pgph.0000188
https://www.ncbi.nlm.nih.gov/pubmed/36962156
https://doi.org/10.1371/journal.pntd.0005366
https://www.ncbi.nlm.nih.gov/pubmed/28278157
https://doi.org/10.1016/S0140-6736(24)02284-0
https://www.ncbi.nlm.nih.gov/pubmed/39491872
https://www.nhsrc.gov.pk/LatestNews
https://doi.org/10.2471/BLT.20.269985
https://doi.org/10.1016/j.soh.2024.100087
https://www.ncbi.nlm.nih.gov/pubmed/39641122
https://doi.org/10.3389/fpubh.2023.1207293
https://www.ncbi.nlm.nih.gov/pubmed/37554733
https://doi.org/10.1016/S1473-3099(17)30074-9
https://doi.org/10.3389/fpubh.2018.00186
https://doi.org/10.1186/s12929-021-00778-8
https://www.ncbi.nlm.nih.gov/pubmed/34857000
https://doi.org/10.3390/vaccines12080913
https://doi.org/10.1371/journal.pntd.0007118
https://doi.org/10.1093/infdis/jiaa500
https://doi.org/10.3389/fimmu.2023.1281667
https://www.ncbi.nlm.nih.gov/pubmed/38196945

Viruses 2025, 17, 232 16 of 18

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Mourad, O.; Makhani, L.; Chen, L.H. Chikungunya: An Emerging Public Health Concern. Curr. Infect. Dis. Rep. 2022, 24, 217-228.
[CrossRef] [PubMed]

Zhang, L.; Guo, W.; Lv, C. Modern technologies and solutions to enhance surveillance and response systems for emerging
zoonotic diseases. Sci. One Health 2024, 3, 100061. [CrossRef] [PubMed]

Morrison, C.R; Plante, K.S.; Heise, M.T. Chikungunya Virus: Current Perspectives on a Reemerging Virus. Microbiol. Spectr. 2016,
4,143-161. [CrossRef]

Silva, L.A.; Dermody, T.S. Chikungunya virus: Epidemiology, replication, disease mechanisms, and prospective intervention
strategies. J. Clin. Investig. 2017, 127, 737-749. [CrossRef]

Burney, M.; Munir, A. Role of arthropod borne viruses in human diseases in Rawalpindi and Peshawar area. II. Isolation of West
Nile virus from human blood and culicine mosquitoes in Rawalpindi area. Pak. J. Med. Res. 1966, 5, 271-284.

Hayes, C.G.; Baqar, S.; Ahmed, T.; Chowdhry, M.A ; Reisen, W.K. West Nile virus in Pakistan. 1. Sero-epidemiological studies in
Punjab Province. Trans. R. Soc. Trop. Med. Hyg. 1982, 76, 431-436. [CrossRef]

Chowdhury, P.; Khan, S.A. Global emergence of West Nile virus: Threat & preparedness in special perspective to India. Indian ].
Med. Res. 2021, 154, 36-50. [CrossRef] [PubMed]

Khan, E.; Barr, K.L.; Farooqi, J].Q.; Prakoso, D.; Abbas, A.; Khan, Z.Y.; Ashi, S.; Imtiaz, K.; Aziz, Z.; Malik, E,; et al. Human West
Nile Virus Disease Outbreak in Pakistan, 2015-2016. Front. Public Health 2018, 6, 20. [CrossRef] [PubMed]

Wang, H.-R; Liu, T.; Gao, X.; Wang, H.-B.; Xiao, J.-H. Impact of climate change on the global circulation of West Nile virus and
adaptation responses: A scoping review. Infect. Dis. Poverty 2024, 13, 38. [CrossRef] [PubMed]

Singh, G.; Kumar, S.; Kumar, D.; Mishra, G. Biological control of the mosquito: An analysis of the impediments and possibilities.
Int. ]. Mosg. Res. 2023, 10, 117-126. [CrossRef]

Bugshan, W.; Qahtani, S.; Alwagdani, N.; Alharthi, M.; Algarni, A.; Alsuat, H.; Alqahtani, N.; Alshammari, M.; Albagami, R,;
Almotairi, A. Role of Health Awareness Campaigns in Improving Public Health:A Systematic Review: Life Sciences-Public Health.
Int. ]. Life Sci. Pharma Res. 2022, 12, L29-135. [CrossRef]

Singh, P.; Khatib, M.N.; Ballal, S.; Kaur, M.; Nathiya, D.; Sharma, S.; Siva Prasad, G.V.; Sinha, A.; Gaidhane, A.M.; Mohapatra, P,;
et al. West Nile Virus in a Changing Climate: Epidemiology, pathology, advances in diagnosis and treatment, vaccine designing
and control strategies, emerging public health challenges—A comprehensive review. Emerg. Microbes Infect. 2025, 14, 2437244.
[CrossRef]

Fatima, T.; Rais, A.; Khan, E.; Hills, S.L.; Chambers, T.V.; Hotwani, A.; Qureshi, S.; Shafquat, S.; Malik, S.; Qamar, E; et al.
Investigation of Japanese encephalitis virus as a cause of acute encephalitis in southern Pakistan, April 2015-January 2018. PLoS
ONE 2020, 15, €0234584. [CrossRef] [PubMed]

Vannice, K.S.; Hills, S.L.; Schwartz, L.M.; Barrett, A.D.; Heffelfinger, ].; Hombach, J.; Letson, G.W.; Solomon, T.; Marfin, A.A. The
future of Japanese encephalitis vaccination: Expert recommendations for achieving and maintaining optimal JE control. NP]
Vaccines 2021, 6, 82. [CrossRef] [PubMed]

Sugamata, M.; Ahmed, A.; Miura, T.; Takasu, T.; Kono, R.; Ogata, T.; Kimura-Kuroda, J.; Yasui, K. Seroepidemiological study of
infection with West Nile virus in Karachi, Pakistan, in 1983 and 1985. |. Med. Virol. 1988, 26, 243-247. [CrossRef]

Campbell, G.L.; Hills, S.L.; Fischer, M.; Jacobson, J.A.; Hoke, C.H.; Hombach, ].M.; Marfin, A.A.; Solomon, T.; Tsai, T.E; Tsu, V.D,;
et al. Estimated global incidence of Japanese encephalitis: A systematic review. Bull. World Health Organ. 2011, 89, 766774,
774a-774e. [CrossRef] [PubMed]

Hughes, R.A.; Cornblath, D.R. Guillain-barre syndrome. Lancet 2005, 366, 1653—-1666. [CrossRef] [PubMed]

Wahid, B.; Ali, A.; Rafique, S.; Idrees, M. Zika: As an emergent epidemic. Asian Pac. ]. Trop. Med. 2016, 9, 723-729. [CrossRef]
Butt, A.M.; Siddique, S.; Gardner, L.M.; Sarkar, S.; Lancelot, R.; Qamar, R. Zika virus in Pakistan: The tip of the iceberg? Lancet
Glob. Health 2016, 4, €913-€914. [CrossRef] [PubMed]

Dhimal, M.; Dahal, S.; Dhimal, M.L.; Mishra, S.R.; Karki, K.B.; Aryal, K.K.; Haque, U.; Kabir, M.I.; Guin, P; Butt, A.M.; et al.
Threats of Zika virus transmission for Asia and its Hindu-Kush Himalayan region. Infect. Dis. Poverty 2018, 7, 40. [CrossRef]
[PubMed]

Darwish, M.A.; Hoogstraal, H.; Roberts, T.].; Ahmed, I.P.; Omar, F. A sero-epidemiological survey for certain arboviruses
(Togaviridae) in Pakistan. Trans. R. Soc. Trop. Med. Hyg. 1983, 77, 442—445. [CrossRef]

Zohaib, A.; Zhang, ].; Saqib, M.; Athar, M.A.; Hussain, M.H.; Chen, ].; Sial, A.-u.-R.; Tayyab, M.H.; Batool, M.; Khan, S.; et al.
Serologic Evidence of Severe Fever with Thrombocytopenia Syndrome Virus and Related Viruses in Pakistan. Emerg. Infect. Dis. ].
2020, 26, 1513. [CrossRef] [PubMed]

Casel, M.A; Park, S.].; Choi, Y.K. Severe fever with thrombocytopenia syndrome virus: Emerging novel phlebovirus and their
control strategy. Exp. Mol. Med. 2021, 53, 713-722. [CrossRef] [PubMed]

Luo, N.; Li, M,; Xu, M.; Shi, C,; Shi, X.; Ni, R,; Chen, Y.; Zheng, L.; Tu, Y.; Hu, D.; et al. Research Progress of Fever with
Thrombocytopenia Syndrome. Intensive Care Res. 2023, 3, 172-181. [CrossRef] [PubMed]


https://doi.org/10.1007/s11908-022-00789-y
https://www.ncbi.nlm.nih.gov/pubmed/36415286
https://doi.org/10.1016/j.soh.2023.100061
https://www.ncbi.nlm.nih.gov/pubmed/39077381
https://doi.org/10.1128/microbiolspec.EI10-0017-2016
https://doi.org/10.1172/JCI84417
https://doi.org/10.1016/0035-9203(82)90130-4
https://doi.org/10.4103/ijmr.IJMR_642_19
https://www.ncbi.nlm.nih.gov/pubmed/34782529
https://doi.org/10.3389/fpubh.2018.00020
https://www.ncbi.nlm.nih.gov/pubmed/29535994
https://doi.org/10.1186/s40249-024-01207-2
https://www.ncbi.nlm.nih.gov/pubmed/38790027
https://doi.org/10.22271/23487941.2023.v10.i5b.704
https://doi.org/10.22376/ijpbs/lpr.2022.12.6.L29-35
https://doi.org/10.1080/22221751.2024.2437244
https://doi.org/10.1371/journal.pone.0234584
https://www.ncbi.nlm.nih.gov/pubmed/32530966
https://doi.org/10.1038/s41541-021-00338-z
https://www.ncbi.nlm.nih.gov/pubmed/34131150
https://doi.org/10.1002/jmv.1890260304
https://doi.org/10.2471/BLT.10.085233
https://www.ncbi.nlm.nih.gov/pubmed/22084515
https://doi.org/10.1016/S0140-6736(05)67665-9
https://www.ncbi.nlm.nih.gov/pubmed/16271648
https://doi.org/10.1016/j.apjtm.2016.06.019
https://doi.org/10.1016/S2214-109X(16)30246-7
https://www.ncbi.nlm.nih.gov/pubmed/27815146
https://doi.org/10.1186/s40249-018-0426-3
https://www.ncbi.nlm.nih.gov/pubmed/29759076
https://doi.org/10.1016/0035-9203(83)90106-2
https://doi.org/10.3201/eid2607.190611
https://www.ncbi.nlm.nih.gov/pubmed/32568060
https://doi.org/10.1038/s12276-021-00610-1
https://www.ncbi.nlm.nih.gov/pubmed/33953322
https://doi.org/10.1007/s44231-023-00035-6
https://www.ncbi.nlm.nih.gov/pubmed/37360310

Viruses 2025, 17, 232 17 of 18

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Bopp, N.E.; Kaiser, J.A.; Strother, A.E.; Barrett, A.D.T.; Beasley, D.W.C.; Benassi, V.; Milligan, G.N.; Preziosi, M.P.; Reece,
L.M. Baseline mapping of severe fever with thrombocytopenia syndrome virology, epidemiology and vaccine research and
development. NPJ Vaccines 2020, 5, 111. [CrossRef]

Maslow, ].N.; Kwon, ].J.; Mikota, S.K.; Spruill, S.; Cho, Y.; Jeong, M. Severe fever and thrombocytopenia syndrome virus infection:
Considerations for vaccine evaluation of a rare disease. Human Vaccines Immunother. 2019, 15, 2249-2257. [CrossRef]
Linsuwanon, P.; Poovorawan, Y.; Lee, K.H.; Auysawasdi, N.; Wongwairot, S.; Limsuwan, C.; Vuthitanachot, V.; Leepitakrat, S.;
Vongpunsawasdji, S.; Nilyanimit, P.; et al. Comprehensive Surveillance of Severe Fever with Thrombocytopenia Syndrome Virus
in Patients with Acute Febrile Illness, Wild Rodents, and Trombiculid Larval Mites, Thailand. Emerg. Infect. Dis. ]. 2024, 30, 111.
[CrossRef]

Wang, Y,; Li, K; Li, P; Sun, J.; Ye, L.; Dai, Y,; Tang, A.; Jiang, J.; Chen, C.; Tong, Z.; et al. Community-based comprehensive
measures to prevent severe fever with thrombocytopenia syndrome, China. Int. J. Infect. Dis. 2018, 73, 63—-66. [CrossRef]

Ai, L.; Wang, W.; Teng, Z. Advancements in the Worldwide Detection of Severe Fever with Thrombocytopenia Syndrome Virus
Infection from 2009 to 2023. China CDC Wkly. 2023, 5, 687—-693. [CrossRef] [PubMed]

Li, J.C; Zhao, J.; Li, H,; Fang, L.Q.; Liu, W. Epidemiology, clinical characteristics, and treatment of severe fever with thrombocy-
topenia syndrome. Infect. Med. 2022, 1, 40-49. [CrossRef]

Burney, M.L; Ghafoor, A.; Saleen, M.; Webb, P.A; Casals, ]. Nosocomial outbreak of viral hemorrhagic fever caused by Crimean
Hemorrhagic fever-Congo virus in Pakistan, January 1976. Am. J. Trop. Med. Hyg. 1980, 29, 941-947. [CrossRef] [PubMed]
Alam, M.M.; Khurshid, A.; Sharif, S.; Shaukat, S.; Rana, M.S.; Angez, M.; Zaidi, S.S. Genetic analysis and epidemiology of Crimean
Congo Hemorrhagic fever viruses in Baluchistan province of Pakistan. BMC Infect. Dis. 2013, 13, 201. [CrossRef] [PubMed]
Wahid, B.; Altaf, S.; Naeem, N.; Ilyas, N.; Idrees, M. Scoping Review of Crimean-Congo Hemorrhagic Fever (CCHF) Literature
and Implications of Future Research. J. Coll. Physicians Surg. Pak. 2019, 29, 563-573. [CrossRef] [PubMed]

Saleem, J.; Usman, M.; Nadeem, A.; Sethi, S.A.; Salman, M. Crimean-Congo hemorrhagic fever: A first case from Abbottabad,
Pakistan. Int. |. Infect. Dis. 2009, 13, e121-e123. [CrossRef] [PubMed]

Sahito, A.M.; Mir, S.L.; Waseem, M.; Awan, M.A.E.; Shaikh, S.; Essar, M.Y. The possibility of the emergence of Crimean-Congo
virus cases during Eid ul Adha: A troubling situation during a blessed festival. Ann. Med. Surg. 2022, 81, 104379. [CrossRef]
[PubMed]

Umair, M.; Rehman, Z.; Haider, S.A.; Ali, Q.; Hakim, R.; Bibi, S.; Salman, M.; Ikram, A. Whole-genome sequencing of Crimean-
Congo hemorrhagic fever virus circulating in Pakistan during 2022. J. Med. Virol. 2023, 95, €28604. [CrossRef] [PubMed]

Umair, M.; Haider, S.A.; Ali, Q.; Hakim, R.; Raisani, M.A.; Ayub, A.; Salman, M. Genomic characterization of Crimean-Congo
Hemorrhagic Fever Virus detected during nosocomial outbreak (2023) in Balochistan province of Pakistan. medRxiv, 2023; preprint.
[CrossRef]

Field Epidemiology & Disease Surveillance Division, National Institute of Health, Islamabad. FELTP Pakistan Weekly Epidemio-
logical Report, August 15-21, 2021. Available online: https://www.nih.org.pk/ (accessed on 30 May 2024).

Tabassum, S.; Naeem, A.; Khan, M.Z.; Mumtaz, N.; Gill, S.; Ohadji, L. Crimean-Congo hemorrhagic fever outbreak in Pakistan,
2022: A warning bell amidst unprecedented floods and COVID 19 pandemic. Health Sci. Rep. 2023, 6, €1055. [CrossRef] [PubMed]
Srivastava, S.; Kumar, S.; Sharma, P.K.; Rustagi, S.; Mohanty, A.; Donovan, S.; Henao-Martinez, A.F.; Sah, R.; Franco-Paredes,
C. Control strategies for emerging infectious diseases: Crimean-Congo hemorrhagic fever management. Health Sci. Rep. 2024,
7,€70053. [CrossRef]

de la Fuente, J.; Ghosh, S.; Lempereur, L.; Garrison, A.; Sprong, H.; Lopez-Camacho, C.; Maritz-Olivier, C.; Contreras, M.;
Moraga-Fernandez, A.; Bente, D.A. Interventions for the control of Crimean-Congo hemorrhagic fever and tick vectors. NPJ
Vaccines 2024, 9, 181. [CrossRef]

Sorvillo, T.E.; Rodriguez, S.E.; Hudson, P; Carey, M.; Rodriguez, L.L.; Spiropoulou, C.E; Bird, B.H.; Spengler, ].R.; Bente, D.A.
Towards a Sustainable One Health Approach to Crimean-Congo Hemorrhagic Fever Prevention: Focus Areas and Gaps in
Knowledge. Trop. Med. Infect. Dis. 2020, 5, 113. [CrossRef]

Verbeek, ].H.; Rajamaki, B.; jaz, S.; Sauni, R.; Toomey, E.; Blackwood, B.; Tikka, C.; Ruotsalainen, J.H.; Kilinc Balci, E.S. Personal
protective equipment for preventing highly infectious diseases due to exposure to contaminated body fluids in healthcare staff.
Cochrane Database Syst. Rev. 2020, 4, Cd011621. [CrossRef]

Okesanya, O.].; Olatunji, G.D.; Kokori, E.; Olaleke, N.O.; Adigun, O.A.; Manirambona, E.; Lucero-Prisno, D.E., 3rd. Looking
Beyond the Lens of Crimean-Congo Hemorrhagic Fever in Africa. Emerg. Infect. Dis. 2024, 30, 1319-1325. [CrossRef]

Eisen, L.; Stafford, K.C. Barriers to Effective Tick Management and Tick-Bite Prevention in the United States (Acari: Ixodidae). J.
Med. Entomol. 2021, 58, 1588-1600. [CrossRef] [PubMed]

Patel, A.A_; Dalal, Y.D.; Parikh, A.; Gandhi, R.; Shah, A. Crimean-Congo Hemorrhagic Fever: An Emerging Viral Infection in
India, Revisited and Lessons Learned. Cureus 2023, 15, €43315. [CrossRef]

Girard, M.; Nelson, C.B.; Picot, V.; Gubler, D.]. Arboviruses: A global public health threat. Vaccine 2020, 38, 3989-3994. [CrossRef]
[PubMed]


https://doi.org/10.1038/s41541-020-00257-5
https://doi.org/10.1080/21645515.2019.1633875
https://doi.org/10.3201/eid3014.240163
https://doi.org/10.1016/j.ijid.2018.06.002
https://doi.org/10.46234/ccdcw2023.132
https://www.ncbi.nlm.nih.gov/pubmed/37593140
https://doi.org/10.1016/j.imj.2021.10.001
https://doi.org/10.4269/ajtmh.1980.29.941
https://www.ncbi.nlm.nih.gov/pubmed/7435795
https://doi.org/10.1186/1471-2334-13-201
https://www.ncbi.nlm.nih.gov/pubmed/23641865
https://doi.org/10.29271/jcpsp.2019.06.563
https://www.ncbi.nlm.nih.gov/pubmed/31133158
https://doi.org/10.1016/j.ijid.2008.07.023
https://www.ncbi.nlm.nih.gov/pubmed/19008137
https://doi.org/10.1016/j.amsu.2022.104379
https://www.ncbi.nlm.nih.gov/pubmed/36051816
https://doi.org/10.1002/jmv.28604
https://www.ncbi.nlm.nih.gov/pubmed/36815488
https://doi.org/10.1101/2023.11.28.23299125
https://www.nih.org.pk/
https://doi.org/10.1002/hsr2.1055
https://www.ncbi.nlm.nih.gov/pubmed/36655141
https://doi.org/10.1002/hsr2.70053
https://doi.org/10.1038/s41541-024-00970-5
https://doi.org/10.3390/tropicalmed5030113
https://doi.org/10.1002/14651858.CD011621.pub4
https://doi.org/10.3201/eid3007.230810
https://doi.org/10.1093/jme/tjaa079
https://www.ncbi.nlm.nih.gov/pubmed/32372075
https://doi.org/10.7759/cureus.43315
https://doi.org/10.1016/j.vaccine.2020.04.011
https://www.ncbi.nlm.nih.gov/pubmed/32336601

Viruses 2025, 17, 232 18 of 18

84.

85.

86.

87.

88.

89.

90.

91.
92.

93.

94.

95.

96.

97.

98.

99.

Nejati, ].; Mohammadi, M.; Okati-Aliabad, H. Knowledge, attitudes, and practices regarding Crimean-Congo hemorrhagic fever
in a high-prevalence suburban community, southeast of Iran. Heliyon 2024, 10, e23414. [CrossRef]

Moming, A.; Shen, S.; Fang, Y.; Zhang, J.; Zhang, Y.; Tang, S.; Li, T.; Hu, Z.; Wang, H.; Zhang, Y.; et al. Evidence of human
exposure to Tamdy virus, Northwest China. Emerg. Infect. Dis. 2021, 27, 3166. [CrossRef] [PubMed]

Chen, S.; Saqib, M; Khan, H.S; Bai, Y.; Ashfaq, U.A.; Mansoor, M.K.; Moming, A.; Liu, J.; Zhou, M.; Niazi, SK,; et al. Risk of
infection with arboviruses in a healthy population in Pakistan based on seroprevalence. Virol. Sin. 2024, 39, 369-377. [CrossRef]
Defaye, B.; Moutailler, S.; Pasqualini, V.; Quilichini, Y. Distribution of Tick-Borne Pathogens in Domestic Animals and Their
Ticks in the Countries of the Mediterranean Basin between 2000 and 2021: A Systematic Review. Microorganisms 2022, 10, 1236.
[CrossRef] [PubMed]

Yu, K.M.; Park, S.J. Tick-borne viruses: Epidemiology, pathogenesis, and animal models. One Health 2024, 19, 100903. [CrossRef]
Afzal, M.F,; Naqvi, 5.Q.; Sultan, M.A.; Hanif, A. Chikungunya fever among children presenting with nonspecific febrile illness
during an epidemic of dengue fever in Lahore, Pakistan. Merit Res. . Med. Med. Sci. 2015, 3, 69-73.

Atwan, Z.; Alhilfi, R.; Mousa, A K.; Rawaf, S.; Torre, ].D.L.; Hashim, A.R.; Sharquie, I.K.; Khaleel, H.; Tabche, C. Alarming update
on incidence of Crimean-Congo hemorrhagic fever in Iraq in 2023. IJID Reg. 2024, 10, 75-79. [CrossRef]

Ali, I; Dasti, ].I. Chikungunya virus; an emerging arbovirus in Pakistan. J. Pak. Med. Assoc. 2018, 68, 252-257.

Rehman, A.; Conraths, EJ.; Sauter-Louis, C.; Kriicken, J.; Nijhof, A.M. Epidemiology of tick-borne pathogens in the semi-arid and
the arid agro-ecological zones of Punjab province, Pakistan. Transbound. Emerg. Dis. 2019, 66, 526-536. [CrossRef] [PubMed]
Rodriguez, ]. One Health Ethics and the Ethics of Zoonoses: A Silent Call for Global Action. Vet. Sci. 2024, 11, 394. [CrossRef]
[PubMed]

Dagostin, F; Tagliapietra, V.; Marini, G.; Cataldo, C.; Bellenghi, M.; Pizzarelli, S.; Cammarano, R.R.; Wint, W.; Alexander, N.S.;
Neteler, M; et al. Ecological and environmental factors affecting the risk of tick-borne encephalitis in Europe, 2017 to 2021.
Eurosurveillance 2023, 28, 2300121. [CrossRef]

Kraemer, M.U.G.; Reiner, R.C.; Brady, O.].; Messina, ].P.; Gilbert, M.; Pigott, D.M.; Yi, D.; Johnson, K.; Earl, L.; Marczak, L.B,;
et al. Past and future spread of the arbovirus vectors Aedes albopictus and Aedes albopictus. Nat. Microbiol. 2019, 4, 854-863.
[CrossRef]

Kolimenakis, A.; Heinz, S.; Wilson, M.L.; Winkler, V.; Yakob, L.; Michaelakis, A.; Papachristos, D.; Richardson, C.; Horstick, O.
The role of urbanisation in the spread of Aedes mosquitoes and the diseases they transmit—A systematic review. PLoS Neglected
Trop. Dis. 2021, 15, e0009631. [CrossRef] [PubMed]

Lizzi, KM.; Qualls, W.A_; Brown, S.C.; Beier, ].C. Expanding Integrated Vector Management to promote healthy environments.
Trends Parasitol. 2014, 30, 394-400. [CrossRef]

Belay, E.D.; Kile, ].C.; Hall, AJ.; Barton-Behravesh, C.; Parsons, M.B.; Salyer, S.; Walke, H. Zoonotic Disease Programs for
Enhancing Global Health Security. Emerg. Infect. Dis. 2017, 23, S65-570. [CrossRef]

Yasmeen, N.; Jabbar, A.; Shah, T.; Fang, L.-X.; Aslam, B.; Naseeb, I.; Shakeel, F.; Ahmad, H.I.; Baloch, Z.; Liu, Y. One Health
Paradigm to Confront Zoonotic Health Threats: A Pakistan Prospective. Front. Microbiol. 2022, 12, 719334. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.heliyon.2023.e23414
https://doi.org/10.3201/eid2712.203532
https://www.ncbi.nlm.nih.gov/pubmed/34808086
https://doi.org/10.1016/j.virs.2024.04.001
https://doi.org/10.3390/microorganisms10061236
https://www.ncbi.nlm.nih.gov/pubmed/35744755
https://doi.org/10.1016/j.onehlt.2024.100903
https://doi.org/10.1016/j.ijregi.2023.11.018
https://doi.org/10.1111/tbed.13059
https://www.ncbi.nlm.nih.gov/pubmed/30383917
https://doi.org/10.3390/vetsci11090394
https://www.ncbi.nlm.nih.gov/pubmed/39330773
https://doi.org/10.2807/1560-7917.ES.2023.28.42.2300121
https://doi.org/10.1038/s41564-019-0376-y
https://doi.org/10.1371/journal.pntd.0009631
https://www.ncbi.nlm.nih.gov/pubmed/34499653
https://doi.org/10.1016/j.pt.2014.06.001
https://doi.org/10.3201/eid2313.170544
https://doi.org/10.3389/fmicb.2021.719334
https://www.ncbi.nlm.nih.gov/pubmed/35211097

	Introduction 
	Epidemiological Trends of Arboviral Diseases in Pakistan: Mosquito-Borne and Tick-Borne Infections 
	Epidemiological Trends of Mosquito-Borne Diseases in Pakistan 
	Dengue Fever 
	Chikungunya Virus 
	West Nile Virus (WNV) 
	Japanese Encephalitis (JE) 
	Zika Virus (ZIKV) 

	Epidemiological Trends of Tick-Borne Diseases in Pakistan 
	Severe Fever with Thrombocytopenia Syndrome Virus (SFTSV) 
	Crimean–Congo Hemorrhagic Fever Virus (CCHFV): An Emerging Health Threat in Pakistan 
	Tamdy Virus (TAMV) and Karshi Virus (KSIV) 


	Discussion 
	Future Perspectives 
	Conclusions 
	References

