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ABSTRACT 

Background: Kyasanur Forest Disease (KFD), also known as Monkey Fever, is a tick-borne viral hemorrhagic fever endemic to India and caused by Kyasanur Forest disease virus (KFDV), a flavivirus within the tick-borne encephalitis virus serocomplex.  Although historically concentrated in Karnataka, KFD has expanded into neighboring states, creating an increasing public health concern.  The virus is sustained through enzootic transmission cycles involving Haemaphysalis ticks and multiple vertebrate hosts, while humans serve as incidental, dead-end hosts.
Methods: A comprehensive literature review was conducted across PubMed, Web of Science, and Scopus, covering publications from 1957 to 2024.  Search terms included “Kyasanur Forest disease,” “KFDV,” “tick-borne viral hemorrhagic fever,” “transmission,” “pathophysiology,” and “clinical spectrum.”  Peer-reviewed original studies, case reports, and surveillance reports were included, while non–peer-reviewed sources were excluded, and findings were synthesized narratively to integrate evidence on transmission ecology, pathogenesis, clinical manifestations, diagnosis, and control measures.
Results: In humans, KFDV typically presents after a 3–8-day incubation period following tick exposure, with abrupt fever, headache, myalgia, and marked prostration.  Approximately 20% of patients exhibit a biphasic illness, with a second phase that may include neurological involvement.  Diagnosis primarily relies on serological assays (IgM/IgG ELISA) and molecular detection (RT-PCR), whereas virus isolation is largely confined to research settings.  Ecologically, KFDV circulates among Haemaphysalis ticks and vertebrate hosts, and monkey epizootics function as sentinel events indicating local transmission risk.  Reported geographic spread is linked to ecological disturbance, deforestation, and intensified human–tick contact, and One Health-oriented surveillance has strengthened early detection and outbreak response, although vaccine uptake and coverage remain inadequate in many at-risk areas.
Conclusions : KFD represents an evolving zoonotic threat shaped by environmental change and human behavior, with implications for both outbreak preparedness and long-term prevention.  Effective control requires integrated human–animal–environment surveillance, targeted vaccination strategies, and expanded viral genomic monitoring to track emergence and spread.  Prospective clinical cohort studies are also needed to better predict severe outcomes, refine case management, and guide public health interventions aimed at limiting further geographic expansion.
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INTRODUCTION

Kyasanur Forest disease (KFD), also known as Monkey Fever, is a tick-borne viral haemorrhagic fever endemic to South Asia and represents an important vector-borne viral infection in India (1,41). The causative agent, Kyasanur Forest disease virus (KFDV), belongs to the family Flaviviridae and the genus Flavivirus and was first isolated in 1957 from sick monkeys captured in the Kyasanur forest region of Shimoga district, Karnataka, from which the disease derives its name.{1}
For several decades, KFD was considered geographically restricted, with sustained endemicity documented primarily in five districts of Karnataka—Shimoga, Uttar Kannada, Dakshina Kannada, Chikmaglur, and Udupi. However, improvements in diagnostic capacity and surveillance have revealed a broader distribution, with KFDV infection detected in ticks and/or monkeys and sporadic human cases reported from Chamarajanagar district in Karnataka, the Nilgiri district of Tamil Nadu, Wayanad and Malappuram districts of Kerala, and Pali village in Goa, largely within the Western Ghats forest ecosystem.{3} The disease disproportionately affects low-income, forest-dependent rural populations, including small-holder farmers, plantation and forestry workers, and tribal communities, resulting in substantial socioeconomic impact; household surveys from affected areas indicate that 69% of respondents were perturbed by KFD’s effect on their livelihoods.{4}
Ecologically, KFDV is maintained through complex enzootic transmission cycles involving ticks and multiple vertebrate hosts. The virus commonly infects non-human primates—particularly the black-faced langur and red-faced macaque—as well as small mammals such as rats and shrews, and has also been reported from a bat species. KFDV has been isolated from multiple tick species and is transmitted to humans primarily through the bite of infective Haemaphysalis spinigera ticks, especially during the nymphal stage, which can remain infectious throughout their life span.{8} The disease causes epizootics among primates with high fatality rates, and monkey deaths are regarded as an early indicator of active viral transmission; consequently, areas reporting Haemaphysalis ticks and/or KFDV-infected monkey carcasses are designated as high-risk hotspots prioritized for surveillance and control activities.{9}
Clinically, KFD resembles Omsk haemorrhagic fever and typically manifests after an incubation period of 3–8 days, followed by abrupt onset of chills, severe frontal headache, and high-grade fever often exceeding 40 °C. Additional manifestations include bradycardia, generalized myalgia, severe prostration, conjunctival suffusion, and photophobia.{12} Although approximately 80% of patients recover without sequelae, a subset exhibits a biphasic disease course, and a smaller proportion of these individuals progress to severe haemorrhagic or neurological complications.{5}
The continued geographic expansion of KFD, together with ecological disruption and increased human–tick interactions, underscores the need for an updated synthesis of current evidence. This review therefore focuses on the transmission ecology, pathophysiology, and clinical spectrum of Kyasanur Forest disease, providing an integrated perspective relevant to clinicians.

METHODOLOGY
A literature review on Kyasanur Forest Disease (KFD) was conducted using searches of the PubMed, Web of Science, and Scopus databases. The search strategy employed combinations of the terms “Kyasanur Forest disease,” “KFD,” “Kyasanur Forest disease virus,” “KFDV,” “tick-borne viral haemorrhagic fever,” “Haemaphysalis spinigera,” “transmission,” “pathophysiology,” and “clinical spectrum.”
Publications from 1957 to 2024 were reviewed, with emphasis on studies published in the past decade, while also including earlier landmark reports relevant to the discovery, epidemiology, and natural history of KFD. Peer-reviewed original research articles, review articles, surveillance reports, and selected case reports published in English were included. Conference abstracts, editorials, and non–peer-reviewed literature were excluded. No geographical restrictions were applied. Duplicate records identified across databases were removed.
The retrieved literature was reviewed and synthesized narratively to provide an integrated overview of the transmission ecology, pathophysiology, and clinical spectrum of Kyasanur Forest Disease
RESULT 
1. Etiology

Kyasanur Forest disease virus (KFDV) is a zoonotic, tick-borne flavivirus belonging to the family Flaviviridae and genus Flavivirus. It is classified within the Tick-Borne Encephalitis Virus (TBEV) serocomplex, which also includes Alkhumra hemorrhagic fever virus (AHFV) and Omsk hemorrhagic fever virus (OHFV) (35). This taxonomic grouping reflects the close genetic and antigenic relationships among these viruses, which share conserved structural features and a common evolutionary ancestry characteristic of tick-borne flaviviruses (35).
In nature, KFDV is maintained through enzootic transmission cycles involving Haemaphysalis ticks and a wide range of vertebrate hosts and is classically associated with the Indian subcontinent (8,10). The virus is the etiological agent of Kyasanur Forest disease, a viral hemorrhagic fever endemic to forested regions of southern India. AHFV represents a closely related member of this lineage, sharing approximately 89% nucleotide sequence homology with KFDV, and is therefore regarded as a variant within the KFDV evolutionary clade. Its emergence is hypothesized to have resulted from the historical movement or introduction of a KFDV-like virus into the Arabian Peninsula (2,10). While KFDV remains geographically restricted to South Asia, AHFV has been reported predominantly from Saudi Arabia and, to a lesser extent, Egypt (8,10).

2. Virology

Both viruses belong to the genus Flavivirus (family Flaviviridae) and form enveloped virions with an icosahedral nucleocapsid, typically described within the ~40–65 nm size range (2,10). The viral genome consists of a positive-sense, single-stranded RNA of 10,774 nucleotides (~11 kb) that is translated as a single polyprotein (2,10). This polyprotein is subsequently processed into three structural proteins (C, prM/M, E) and seven non-structural proteins (NS1–NS5), consistent with canonical flavivirus genome organization (2,10).


3. Vectors and hosts

For KFDV, Haemaphysalis spinigera is widely recognized as the principal tick vector, with human infection commonly linked to tick exposure during periods of high nymphal activity (8). The virus is maintained across multiple vertebrate hosts, particularly monkeys (notably black-faced langur and bonnet macaque) and small mammals such as rodents and shrews, with additional reports implicating birds and bats; overt disease is most prominent in non-human primates (8).
In contrast, AHFV transmission has been linked primarily to ticks such as Ornithodoros savignyi, with additional reports involving Hyalomma species, and epidemiologic associations with livestock, including camels and sheep. Human infection occurs through tick bites or contact with infectious animal fluids, and sustained human-to-human transmission has not been documented (8,10)

4. Transmission Cycle and Zoonotic Ecology

Kyasanur Forest Disease (KFD) is a zoonosis in which humans do not contribute meaningfully to onward transmission and are regarded as incidental, dead-end hosts (3,10,11). In the natural enzootic cycle, Haemaphysalis ticks act as the principal vectors and maintenance hosts, transmitting Kyasanur Forest disease virus (KFDV) while feeding on non-human vertebrate hosts such as small mammals, with additional reports implicating ground birds (10,11). Among these ticks, Haemaphysalis spinigera is described as the major vector, accounting for most virus isolations, with Haemaphysalis turturis also repeatedly implicated; additional Haemaphysalis species and other genera (e.g., Ixodes) have been reported with the capacity to develop infection (10,11). KFDV persists in tick populations through transstadial transmission across life stages and transovarial transmission to progeny, and an efficient route of spread between ticks occurs via co-feeding on the same mammalian host even in the absence of established host infection (3,11). Small mammals—particularly rodents and shrews—support ongoing viral circulation by continually replenishing susceptible host populations, while monkeys such as the red-faced bonnet monkey (Macaca radiata) and black-faced langur are highly susceptible and can generate local hotspots when infected ticks drop from carcasses following monkey deaths (10,11). Domestic and wild mammals further serve as important hosts for maintaining adult Ixodidae tick populations in forest fringes and deep forest regions (42). Human infection typically occurs accidentally in forest or woodland settings through bites of infected nymphs, which are described as relatively anthropophilic, and proximity to forested areas or dead-monkey sites, along with ecological disruption such as deforestation, increases the likelihood of tick–human contact (10,11). Because KFDV is not detected in body secretions except blood and humans are dead-end hosts, nosocomial spread and human-to-human transmission are considered unlikely (3). (Figure no. 1)
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Figure no. 1: Transmission Cycle of Kyasanur Forest Disease

5. Epidemiology

Kyasanur Forest disease (KFD) is an endemic tick-borne viral disease restricted to India, with transmission largely confined to the Western Ghats region (1). Since its first identification in 1957, approximately 10,000 human cases were reported through 2017, with major epidemic peaks recorded in 1957–1958 (681 cases), 1983–1984 (2589 cases), 2002–2003 (1562 cases), and 2016–2017 (809 cases) (10). Highlighting the ongoing challenge, recent surveillance data from 2019–2024 indicate an additional 700–900 cases, predominantly from Karnataka, with increasing reports from Kerala, Tamil Nadu, Goa, and Maharashtra, reflecting geographic expansion within the Western Ghats landscape (10). Notable outbreaks include Kerala in 2013–2014 followed by a major outbreak in 2014–2015 with 102 laboratory-confirmed cases and 11 deaths, North Goa in 2015–2016 with 36 confirmed cases and one death, and Sindhudurg district of Maharashtra in 2016 with 129 cases and eight deaths (1). A recent surge was reported from Siddapur taluk of Uttara Kannada district, Karnataka, with two fatalities and 49 laboratory-confirmed cases statewide as of February 9, 2024, including 34 cases from Uttara Kannada district (6). Clinically relevant epidemiologic indicators include a reported neurological complication rate of approximately 10–20% and an overall case fatality rate of 3–5% (10). The observed expansion and intensification of transmission are associated with environmental and ecological drivers, including deforestation, climatic variability, and increased human–tick interactions in forest-fringe areas (10).




6. Pathophysiology of Kyasanur Forest Disease

6.1: Early infection and dissemination

Transmission to humans occurs predominantly through the bite of infected Haemaphysalis spinigera ticks, with an incubation period typically ranging from 3–8 days; transmission following contact with infected animals has been rarely reported, although tick bite remains the dominant route (12 ). In human infection, KFDV RNA is typically detectable in blood during the first 1–12 days of illness, with peak viremia observed around days 3–4 following symptom onset (14)
In non-human primate models, bonnet macaques infected subcutaneously demonstrate viremia up to approximately day 13 post-inoculation, with an early peak around days 3–4, closely mirroring human infection. Viral RNA has also been detected in organs such as the liver and spleen from early time points, indicating rapid systemic dissemination (13).

6.2: Vascular and haemorrhagic feature

In vitro studies using primary human dermal microvascular endothelial cells demonstrate that these cells are permissive to KFDV infection. Infection induces endothelial activation, characterized by increased expression of adhesion molecules including E-selectin, ICAM-1, and VCAM-1, leading to enhanced leukocyte adhesion (12). These changes provide a mechanistic basis for the vascular dysfunction and haemorrhagic manifestations observed clinically.
Beyond endothelial cells, KFDV has also been shown in vitro to infect monocyte-derived dendritic cells, resulting in the release of pro-inflammatory cytokines such as IL-6 and TNF-α. Supernatants from infected dendritic cells can secondarily activate endothelial cells, suggesting an indirect cytokine-mediated pathway contributing to vascular injury (12). Clinical and experimental observations further support systemic involvement, with thrombocytopenia, leukopenia, and coagulation abnormalities reported in infected macaques, alongside frequent cytopenias in human cases (13).Understanding these endothelial changes is critical for managing the coagulopathy and haemorrhagic manifestations seen in severe KFD cases.

6.3: Neuroinvasion and biphasic illness

Approximately 20% of human KFD cases develop neurological manifestations following an initial febrile phase, typically occurring 2–3 weeks into the illness, consistent with a biphasic disease course in a subset of patients (14 ). In bonnet macaques, viral RNA has been detected in brain tissue only in moribund animals, suggesting that central nervous system involvement is associated with severe or late-stage disease rather than being a universal feature of infection (13).
Experimental mouse studies have demonstrated that KFDV strains subjected to extensive suckling-mouse-brain passage may exhibit predominant neurotropism in mice. However, this finding highlights a potential limitation of heavily passaged laboratory strains and suggests that apparent neurovirulence in animal models may not accurately reflect natural human disease (15). The observation that neuroinvasion is linked to severe disease, rather than being a primary neurotropic phenotype, underscores the importance of early intervention in patients presenting with neurological symptoms.

6.4: Host response and immune modulation

In humans, clearance of viremia coincides with peak CD8⁺ T-cell activation and the appearance of KFDV-specific antibodies. IgM antibodies typically become detectable around day 6, followed by IgG antibodies around days 7–8, with both peaking later in the course of illness (14 ). Bonnet macaques exhibit a broadly similar immune kinetic pattern, with IgM appearing approximately one week post-inoculation and IgG around two weeks, although only a minority of animals develop severe clinical disease, underscoring the role of host-specific factors in determining disease severity (13). While direct evidence in KFDV remains limited, studies on other flaviviruses, including dengue, West Nile, and yellow fever viruses, have shown that the non-structural protein NS1 can antagonize complement activation by recruiting C4b-binding protein (C4BP). This mechanism has therefore been proposed as a plausible immune-evasion pathway warranting further investigation in KFDV infection (16).





7. Clinical Spectrum and Disease Course

Kyasanur Forest Disease (KFD) has an incubation period typically ranging from 3–8 days following an infected tick bite (17,18,19). The illness is often biphasic, with most patients recovering uneventfully after the initial febrile phase, while a subset experience relapse with a second phase of symptoms (17). The first phase usually begins abruptly with high fever, severe headache, and prominent myalgia, commonly involving the neck, back, and limbs, and is frequently accompanied by marked prostration and weakness that may persist beyond defervescence, leading to a prolonged convalescent period (17,18). Gastrointestinal manifestations such as vomiting, abdominal pain, and diarrhoea are common, and ocular and oral findings, including conjunctival congestion and oral or palatal mucosal lesions, have been reported (17,18,19). Some patients also exhibit non-specific systemic features such as lymphadenopathy and hepatosplenomegaly (17,18).
Hemorrhagic manifestations may occur, typically a few days after illness onset, most often involving mucosal or gastrointestinal bleeding such as haematemesis or melaena, while epistaxis and rectal bleeding are reported less frequently (17,18,19). A minority of patients develop hypotension or persistent shock, and organ involvement, including hepatitis and acute kidney injury, has been documented (18). A diffuse erythematous blanching rash, often associated with conjunctival hyperaemia and palatal petechiae, has been described as a useful bedside clinical clue in some cases (19).
During convalescence, neuromuscular symptoms such as tremors, paraesthesias, and generalized shaking or weakness may be observed (17). When a second (relapse) phase occurs, it is characterized by recurrent fever with predominant neurological manifestations, typically lasting 12–14 days in reported series (17). The neurological spectrum includes drowsiness, confusion or disorientation, seizures or convulsions, altered sensorium, and meningeal signs such as neck stiffness or a positive Kernig sign, resembling an aseptic meningitis-like illness (17,18). Importantly, early neurological complications, particularly within the first two weeks of illness in hospital-based series, have been associated with poorer clinical outcomes (18).

8. Laboratory diagnosis 
8.1: Virus isolation and culture
Virus isolation and culture were once treated as reference methods for viral diagnosis, but their role is now limited because rapid molecular tests—especially PCR—are widely available [28]. These approaches are resource-intensive, needing BSL-3/4 containment, trained personnel, and relatively long turnaround times [33,26,28,31]. For these reasons, they are generally not advised as first-line diagnostic tests in routine practice [28].
8.2: Serological methods
In symptomatic cases, serology remains the most commonly used diagnostic approach, and serum and CSF are the main clinical specimens [32,33,28]. ELISA can detect virus-specific antibodies starting in the first week of illness and extending into early convalescence [31]. Acute infection is supported by IgM detection in serum or CSF, or by demonstrating a fourfold (or greater) rise in IgG titers between paired serum samples [28,31]. ELISA is also well-suited for high-throughput workflows because it can be automated and yields more objective readouts [32,33].
HI, CF, and neutralisation assays assess humoral responses across different phases of infection [32,33,22]. HI often shows an early rise in antibody titers, CF is generally less sensitive and may need confirmation, and neutralisation testing can detect durable neutralising antibodies—useful for retrospective or postmortem assessment [32,33,22]. A key drawback is serologic cross-reactivity among tick-borne flaviviruses within the same serocomplex, which can prevent reliable species-level identification [32,34,33]. To address this, NS1-based ELISA formats have been developed and appear to reduce cross-reactivity between OHFV and TBEV [23,24].
8.3: Molecular methods
Molecular diagnosis mainly uses RT-PCR to identify viral RNA in blood or CSF, and species-specific primers can help distinguish among tick-borne flaviviruses [32,33,29,30]. For OHFV and KFDV, clinical sensitivity can be reduced because viremia is brief and tends to occur before symptoms or early in the prodrome [32,33,29,30]. After hemorrhagic or neurological features begin, viral RNA is often no longer detectable, and there are currently no confirmed OHFV or KFDV diagnoses established by CSF PCR [25]. As a result, RT-PCR is more often applied in postmortem workups and in surveillance of ticks and animal hosts [33,31].
Newer real-time RT-PCR methods can discriminate among more than 50 Orthoflavivirus species with minimal cross-reactivity [29–31]. Methods such as nested RT-PCR and RT-polymerase spiral reaction (RT-PSR) can improve detection when viral loads are low and may support faster field-oriented testing [26,30]. Timely clinical suspicion and highly sensitive, species-specific assays remain essential to maximise molecular diagnostic yield [32,33,27,30].

9. Surveillance, One Health Approaches, and Prevention 
Kyasanur Forest disease (KFD) continues to pose a major public health threat due to the absence of specific antivirals and the limited effectiveness of the available vaccine, making integrated prevention strategies central to disease control. Strengthened surveillance—incorporating geospatial mapping [3] and IDSP-linked mobile app–based reporting—enables near real-time tracking of monkey deaths and human infections, facilitating early outbreak detection and rapid containment. Predictive platforms such as the KFD Explorer integrate ecological and epidemiological data to identify high-risk areas and support targeted interventions in Karnataka [36].
A One Health approach integrating human, animal, and environmental sectors has demonstrated clear value in KFD management [37]. During the 2015 outbreak in Wayanad, Kerala, coordinated multisectoral action and integrated surveillance were successfully implemented, underscoring the effectiveness of this strategy for sustained control [38]. Co-developed decision-support tools and community education initiatives in endemic regions further show that exposure to infected ticks occurs not only in forest interiors but also at forest fringes and around households, disproportionately affecting socially vulnerable populations [3o]. In India, the Indian Council of Medical Research (ICMR) has operationalised a One Health framework to enhance early warning, advance diagnostics, strengthen capacity, and promote coordinated responses to KFD [40].
DISCUSSION
Historical and contemporary analyses indicate that Kyasanur Forest disease (KFD) has progressively expanded beyond its early Karnataka-centric distribution, with emergence into new foci closely associated with landscape modification—such as deforestation for agriculture or logging—which disrupts natural habitats and bring infected ticks and vertebrate hosts into closer proximity with human settlements, thereby amplifying opportunities for zoonotic spillover. This expansion is further reinforced by forest-edge livelihoods and altered patterns of human–tick interaction across the Western Ghats. Clinically, the characteristic biphasic course of illness remains a major challenge, as a subset of patients experience delayed clinical worsening with predominantly neurological manifestations, prolonging morbidity and complicating follow-up after apparent recovery from the initial febrile phase. Preventive control is further constrained by programmatic limitations; field evaluations have consistently reported suboptimal vaccine coverage and variable effectiveness under routine conditions, underscoring that implementation fidelity and adherence are as critical as intrinsic biological efficacy.[17,20,21]
Research gaps
Key knowledge gaps persist. These include the need to quantify which specific land-use changes most strongly amplify human exposure risk and the spatial scales at which these effects operate in newly affected districts.[20] The predictors and underlying mechanisms of biphasic and neurological disease—particularly the relative contributions of viral persistence versus immune-mediated injury—remain insufficiently defined and require investigation through prospective human cohorts.[17] There is also a need to integrate viral genomic data with clinical severity and patterns of “new-focus” emergence to distinguish repeated introductions from local ecological establishment.[20] Additionally, validated severity scores or biomarkers to guide referral decisions, monitoring intensity, and discharge counseling—especially to anticipate relapse—are lacking.[17] Finally, implementation research is needed to clarify the determinants of persistently low vaccine coverage and to identify delivery models that improve completion of multi-dose vaccination schedules.[21]
Future directions
Future efforts should prioritize integrated surveillance systems that link human case detection with tick and vertebrate host sampling, alongside rapid investigation of sentinel events, to enable earlier identification of micro-hotspots.[20] Pragmatic evaluations of vaccination strategies—including hotspot-targeted campaigns, mobile outreach, and booster-dose tracking—should be conducted using routine programmatic data as effectiveness endpoints.[21] Establishing standardized, multi-site clinical cohorts with serial sampling across both phases of illness will be essential to characterize viral kinetics and immune or endothelial injury signatures.[17] Routine incorporation of viral sequencing with minimal but standardized metadata (location, time, vaccination status, and outcomes) into outbreak investigations would further support actionable phylodynamic analyses and inform targeted control strategies.[20]

CONCLUSION
Kyasanur Forest disease remains a persistent and expanding zoonotic viral infection shaped by ecological disruption, vector dynamics, and human exposure in the Western Ghats. Despite decades of recognition, its complex enzootic maintenance, focal yet widening distribution, and characteristic biphasic illness with delayed neurological complications continue to challenge both understanding and control. The emergence of new transmission foci underscores that KFD is an evolving disease system rather than a static endemic entity. Limitations in surveillance and variable vaccine coverage further constrain prevention efforts. Progress will require integrated approaches combining ecological monitoring, clinical cohort studies, and viral genomics to improve risk stratification, guide targeted interventions, and prevent further geographic expansion.
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