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Review Article
Nonhuman Primates of the Indian Subcontinent: Diversity, Diseases, and One Health Implications

Abstract
The Indian subcontinent harbors one of the richest assemblages of non-human primates (NHPs) in Asia, with 15 recognized species: 7 macaques, 5 langurs, 2 lorises, and a single gibbon species. India alone supports some of the largest free-ranging populations of rhesus macaques (Macaca mulatta), a species that has historically played a pivotal role in biomedical research. During the 1950s–1960s, India was among the largest global exporters of rhesus macaques, primarily for vaccine and drug development in the United States, before exports were banned in 1978. Today, Indian NHPs remain indispensable models in neuroscience, immunology, infectious disease research, and preclinical evaluation of vaccines and therapeutics.
Beyond their biomedical importance, NHPs are critical from a One Health perspective. Free-ranging populations frequently inhabit peri-urban and rural landscapes, increasing contact with humans, livestock, and synanthropic species. This interface amplifies the risk of bidirectional pathogen transmission. Recent investigations have highlighted NHPs as reservoirs or incidental hosts for diverse pathogens, including Mycobacterium tuberculosis, Plasmodium knowlesi, Herpes B virus, Kyasanur Forest Disease virus (KFDV), antimicrobial-resistant Escherichia coli and Klebsiella pneumoniae, and more recently, monkeypox virus (mpox). Reports of SARS-CoV-2 transmission from humans to NHPs and concerns about orthopoxvirus circulation further emphasize their role in emerging and re-emerging zoonoses.
Accelerating habitat loss, urban expansion, and climate-driven ecological shifts are intensifying human–NHP interactions across South Asia. Systematic surveillance of NHPs in natural habitats, zoological facilities, research colonies, and cultural landscapes such as temples is urgently needed to evaluate and mitigate spillover risks. Strengthening One Health frameworks that integrate wildlife ecology, veterinary science, genomics, and public health will be essential for both primate conservation and the prevention of future epidemics at the human–animal interface.
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Introduction
The Indian subcontinent is home to a rich diversity of non-human primates (NHP), including macaques (such as rhesus and bonnet macaques), langurs (such as hanuman and nilgiri langurs), lorises (such as the slender loris), and gibbons (notably hoolock gibbon).1,2 Each species occupies a unique ecological niche, displaying distinct behaviors that shape its interactions with humans and other animals. These primates can serve as reservoirs or hosts for infectious diseases transmissible to humans, a phenomenon known as zoonosis. Examples of such zoonotic diseases include tuberculosis, the herpes B virus, simian immunodeficiency virus (SIV), and various parasitic infections.3 Zoonotic transmission from primates has been linked to the emergence of various infectious diseases, including acquired immunodeficiency syndrome (AIDS),4 simian malaria,5 and monkeypox,6 as well as pathogens like tuberculosis,3 which can undergo bidirectional transmission between humans and animals, posing an increasing threat to global public health. The COVID–19 pandemic has revealed the risks constituted by zoonotic diseases, with strong speculation that the virus originated from an animal reservoir, although the exact source remains undetermined. 
Within research laboratories, NHP pose a particular risk for zoonotic transmission due to their close genetic and physiological similarities to humans. This similarity also makes NHP invaluable in biomedical research, but their welfare in captivity is a major concern. Globally, there is growing attention on the ethical treatment of these animals, particularly in research settings, with regulations emphasizing the principles of the 3Rs—replace, reduce, and refine—to minimize the use of live animals.7

Each year, approximately 70,000 NHP are used for research in the U.S., with an additional 40,000 bred for utilization.8 In 2022, the EU and Norway used a total of 7,650 primates, including reused animals, with 5,784 being first–time subjects.9 In the UK, over 6,700 import permits for laboratory primates were issued in 2019.10 However, in February 2020, China, the world’s largest exporter of live primates,11 banned the export of terrestrial wild animals, including primates.12 This has led to increased exports from countries without large breeding centres, raising concerns about the capture of wild primates and whether breeding facilities are properly regulated and comply with animal welfare guidelines, for which there is limited data.
Despite global efforts to ensure that NHP used in research are captive–bred, the rising global demand has raised concerns about the impact on primate populations and the risk of illegal wildlife trade. This demand, particularly after the COVID–19 pandemic, has intensified due to the critical role NHP play in the development of vaccines and medical treatments. For example, rhesus macaques were instrumental in the preclinical trials of the Pfizer/BioNTech COVID–19 vaccine, and similarly, other vaccines, including Oxford/AstraZeneca and Janssen, have relied on preclinical testing with NHP to verify their safety and efficacy, showcasing the ongoing need for NHP in scientific advancements.13

At the community level, increased human–primate interactions and the growing pressures of habitat destruction, food scarcity, and infrastructure development are pushing many NHP species in the Indian subcontinent towards endangerment or extinction.14 Conservation efforts are vital not only for preserving biodiversity but also for safeguarding public health. Healthy primate populations maintain ecological balance, which reduces the risk of disease spillover from animals to humans.

The One Health concept recognizes the interconnectedness of environmental, animal, and human health. In the context of NHP, this approach emphasizes the need to understand the complex interactions between humans, primates, and their environments to manage and prevent the spread of infectious diseases effectively. The goal of this review is to outline the human health risks posed by zoonotic diseases from NHP in the Indian subcontinent and elsewhere, with consideration for global implications due to the export and trade of NHP for biomedical research. The review also aims to equip animal facilities and those working with NHP, particularly in research settings, with the necessary knowledge and tools for effective health management. By promoting a One Health approach that integrates humans, animals, and the environment, the review seeks to reduce zoonotic risks and protect the health of both humans and primates.

Diversity and distribution of non–human primates in the Indian subcontinent

Here are brief descriptions of some of the most commonly found NHP in the region. The geographical distribution and species information of these primates across the Indian subcontinent are discussed further and illustrated in Figure 1:
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Figure 1: Geographical distribution of non-human primates found across the Indian subcontinent

1.
Hoolock gibbon

The hoolock gibbon (Hoolockhoolockhoolock), a small ape belonging to the gibbon family Hylobatidae, is characterized by its prominent white brow, earning it the alternate name of the white–browed gibbon.¹⁵ This species is native to India, Bhutan, Myanmar, and China, with significant populations found in the Indian states of Assam, Mizoram, and Meghalaya.¹⁶ Among gibbons, hoolock gibbons are the second–largest after the Siamang, with an average height of 81.2 cm and an average weight ranging from 6.1 to 6.9 kg.¹⁷ While males and females share similar sizes, they display distinct coloration; females possess grey–brown fur that darkens around the chest and neck, whereas males are predominantly black with striking white brows. Their faces feature white rings encircling the eyes and mouth, giving them a mask–like appearance.¹⁸ The International Union for Conservation of Nature (IUCN) classifies the hoolock gibbon as “Endangered”, listing it on the IUCN Red List of Threatened Species.¹⁹
2.  
Phayre's leaf monkey
Phayre's leaf monkey (Trachypithecusphayrei), also known as Phayre's langur or the spectacled leaf monkey, is a species of lutung native to South Asia and Southeast Asia, including India, Bangladesh, and Myanmar.²⁰ This species faces constant threats, with its population steadily declining in recent years. Listed as “Endangered” on the IUCN Red List, Phayre's leaf monkey is at significant risk due to hunting and habitat loss.²¹ ²² The head–to–body length of these monkeys ranges from 44–61 cm, with females being slightly larger than males. Their long limbs are complemented by a tail measuring an additional 65–86 cm. On average, males weigh around 7.3 kg, while females weigh about 6.2 kg.¹⁹
3. Capped langur
The capped langur (Trachypithecuspileatus), a member of the Cercopithecidae family, is primarily forest–dwelling and inhabits the jungles of India, Bangladesh, Bhutan, and Myanmar.²³,²⁴ Adults typically weigh between 9.5 and 14 kg and stand approximately 47 to 72 cm tall. Their body colour ranges from golden orange to yellow, while their tails and limbs vary from brown to grey.²⁴ This species prefers hot subtropical and tropical dry forests. However, ongoing deforestation is rapidly shrinking its natural habitat, leading to its classification as “Vulnerable” on the IUCN Red List.²⁵
4.   Nepal gray langur
The Nepal gray langur is found in the Nepalese Himalayas, southwestern Tibet, northern India, northern Pakistan, Bhutan, and possibly Afghanistan area.²⁶ The taxonomic ambiguity surrounding the group of langur species in the Himalayan range, including Semnopithecus ajax, Semnopithecus hector, and Semnopithecusschistaceus, has recently been resolved through a molecular phylogeny study, merging all three previously recognized species into a single species.²⁷ The Nepal gray langur (Semnopithecusschistaceus) is characterized by its dark black face, ears, feet, and hands. Its fur is brownish–gray with a reddish tint on the dorsal surface and white fur on the ventral surface, which frames its face. The combined head and body length of both sexes averages to 68.9 cm, and these macaques show sexual dimorphism, with males being larger than females. These langurs are primarily leaf–eaters and display both terrestrial and arboreal behaviours. On average, females weigh around 15.8 kg, while males weigh approximately 17.7 kg.²⁸
5.  
Gee's golden langur
Gee's golden langur (Trachypithecusgeei), commonly known as the golden langur, is listed as an “Endangered” species on the IUCN Red List. As a Schedule–I species under the Indian Wildlife Protection Act (1972).²⁹ ³⁰ This species is restricted to parts of western Assam, India, and Bhutan.²⁹ Adult males have striking cream to golden coats with darker flanks, while females and juveniles have lighter–coloured fur. The langur’s face is black, and its tail, often longer than its body, can reach up to 76.2 cm in length. Males are generally larger than females, with males weighing up to 10–12 kg and females up to 9.5–10 kg.³¹ ³² ³³ Golden langurs are primarily arboreal, living mostly in trees where they feed on leaves, fruits, and flowers. They typically live in small groups averaging eight members, with multiple females per adult male. The golden langur is considered sacred by many local communities. However, due to ongoing deforestation, its habitat has become increasingly restricted, leading to inbreeding and a decline in population numbers.³⁴ ³⁵
6.  
Black–footed gray langur
In southern India, the black–footed gray langur (Semnopithecushypoleucos) is primarily found in the states of Maharashtra, northern Kerala, and southwestern Karnataka.³⁶ Males of this species weigh between 13.6 and 15.9 kg and stand approximately 70–75 cm tall. In contrast, females are smaller, typically standing around 55–60 cm tall and weighing about 10.7–12.2 kg. Both sexes possess remarkably long, black–coloured tails.³⁷ Black–footed gray langurs are distinguished by their tall, slender build and delicate features, with triangular–shaped dark faces. This species is classified as “Least Concern” due to its wide distribution and relatively few threats, primarily from habitat loss and degradation.³⁸
7.  
Tufted gray langur
The tufted gray langur (Semnopithecuspriam), also known as the Madras gray langur or Coromandel sacred langur, is a member of the Old World monkey group known as langurs. Like other gray langurs, this species primarily feeds on leaves. It is native to Sri Lanka and the southeastern Indian states of Karnataka, Tamil Nadu, and Andhra Pradesh.³⁶ ³⁷ Adult males of this species weigh approximately 10–13.5 kg and measure around 70–75 cm from head to body, with males being larger than females. Tufted gray langurs live in troops, which can be either uni–male or multi–male groups. They prefer dry deciduous and scrub forests, including plantations, and are often found near human settlements.³⁶ This species is listed as “Vulnerable” on the IUCN Red List.³⁹
8.       Kashmir gray langur
The Kashmir gray langur (Semnopithecus ajax) is native to the north-western Himalayas, particularly in the Jammu and Kashmir and Himachal Pradesh regions of India.³⁶ Compared to other langur species, Kashmir gray langurs are notably larger.³⁷ Adults measure approximately 67.1 cm from head to body and have an average weight of 17.7 kg.⁴⁰ Their length is further extended by a long tail that curves along their back. These impressive monkeys can be distinguished from other gray langurs by their substantial size and the darker colouration of their front and hind limbs. They have long, silky silver-gray fur covering their limbs and back, with a white abdomen and chest tinged with bright yellow. This species is classified as “Endangered” due to habitat destruction, human agricultural activities, and road infrastructure development.⁴¹ ⁴²
9.   Taraigray langur
The Taraigray langur (Semnopithecus hector) is found across Pankhabari in southwest Bhutan, as well as in the Indian states of Uttarakhand, Uttar Pradesh, and West Bengal, and in southwestern Nepal.⁴³ As mid-sized gray langurs, they typically measure between 58.4–76.2 cm in body length, with tails that can reach up to 99.1 cm.⁴³ Unlike some other gray langurs, which have black hands and feet, Taraigray langurs are distinguished by their silky, grayish-brown fur that uniformly covers their entire body and limbs. They also feature a distinctive gray moustache on a black face.³⁷
10.  Nilgiri langur
The Nilgiri langur (Semnopithecusjohnii), also known as the Nilgiri black langur, Nilgiri leaf monkey, Indian hooded leaf monkey, John's langur, or black leaf monkey, is a primate native to India. It has a fragmented distribution across the Western Ghats mountains in southwestern India.⁴⁴ However, “The Global Biodiversity Information Facility” lists this species as Trachypithecusjohnii, a classification also used by Singh et al. (2008) for its inclusion in The IUCN Red List of Threatened Species, where it is recorded as “Vulnerable”.⁴⁴ ⁴⁵ This species is distinguished by its golden-brown fur on the head and shiny black fur covering the body. Although similar in size and appearance to gray langurs, Nilgiri langurs have long tails and a unique feature where females possess a distinctive white fur patch on their inner thighs. Typically, Nilgiri langurs live in groups of 9 to 10 individuals.⁴⁶ Their diet consists of leaves, branches, and fruits.⁴⁷ Adult females measure between 58 and 60 cm in head-to-body length, while adult males grow up to 78 cm. Their tails add an additional 68.5 to 96.5 cm in length. Males weigh between 9.1 and 13.2 kg, while females generally weigh between 10.9 and 11.3 kg.⁴⁴
11. Stump–tailed macaque
The stump-tailed macaque (Macacaarctoides), also known as the bear macaque due to its distinctive physical features, is a species found in northeastern India, southern China, and the western part of Malaysia on the Malay Peninsula.⁴⁸ ⁴⁹ They are also present in Burma, Thailand, Vietnam, and far eastern Bangladesh. These macaques show sexual dimorphism, with noticeable size differences between males and females. Adult males are larger, typically weighing between 9.9 and 10.2 kg and standing 52 to 65 cm tall. Females are slightly smaller, measuring 48 to 58 cm in height and weighing around 7.5 to 9.1 kg. True to their name, stump-tailed macaques have short, hairless tails, ranging from 0.30 to 6.9 cm in length.⁴⁹ Their thick fur varies in colour from sandy to dark brown, giving them a unique appearance. The stump-tailed macaque also has notably different reproductive anatomy compared to other macaque species, including a prolonged glans penis and exocervix, which are unique among primates.⁵⁰ Additionally, these macaques have recently been identified as natural hosts for several species of Plasmodium, including P. knowlesi, P. inui, P. coatneyi, and P. fieldi.⁵¹
12. Lion–Tailed Macaque
The lion-tailed macaque (Macacasilenus), also known as the wanderoo, is a remarkable and endangered primate species native to the Western Ghats mountain range in South India.⁵² ⁵³ Renowned for its unique appearance and behaviours, this species has gathered significant attention from researchers and conservationists. Lion-tailed macaques have a dark brown or black fur coat, highlighted by a striking silver-white mane encircling their face, resembling a lion's mane. Adult males typically weigh up to 10 kg, while females are smaller, averaging around 6 kg. Primarily arboreal, lion-tailed macaques spend most of their time in the forest canopy. They are excellent climbers and jumpers, navigating the treetops swiftly. Their diet is mainly frugivorous, consisting largely of fruits, though they also consume leaves, flowers, buds, and insects.⁵² The lion-tailed macaque is classified as “Endangered”, with its survival threatened by habitat loss due to deforestation, habitat fragmentation, and human-wildlife conflict.⁵⁵ Conservation initiatives are underway to protect their remaining habitats and support their continued existence in the wild. Culturally significant in the region, lion-tailed macaques are often depicted in art and folklore. They are also considered a flagship species for conservation, highlighting the importance of preserving the biodiversity of the Western Ghats.⁵⁵
13. Bonnet Monkey
The bonnet monkey (Macacaradiata), also known as the Indian bonnet macaque or zati, is a species of macaque native to India. It is predominantly found in the southern regions, particularly in the Western Ghats and the Deccan Plateau, where it inhabits a range of environments, including forests, mangroves, and urban areas.⁵⁶ ⁵⁷ Bonnet monkeys live in social groups that typically consist of 10 to 20 individuals, though they can include up to 30 members. These groups are organized hierarchically, with dominant males leading and maintaining social order. As omnivores, bonnet monkeys have a diverse diet that includes fruits, leaves, seeds, insects, and small vertebrates. These monkeys are characterized by their dark brown or black fur with a lighter underside.⁵⁸ Adult males can weigh up to 11.6 kg, while females are smaller, with weights up to 5.5 kg.⁵⁹ Their tails, which are shorter compared to other macaque species, measure approximately two-thirds the length of their bodies. In captivity, bonnet monkeys can live up to 35 years.⁶⁰ Thisspecies is currently listed as “Near Threatened” on the IUCN Red List. The primary threats to their population include habitat loss due to deforestation, hunting for bush meat, and increasing human-wildlife conflict.⁶¹
14. Assam Macaque
The Assam macaque (Macacaassamensis), also known as the Assamese macaque, is a primate species native to South and Southeast Asia, with its presence in India primarily recorded in the state of Assam.⁶² This species belongs to the Old World monkey family and has been classified as “Near Threatened” on the IUCN Red List since 2008, mainly due to significant population declines caused by habitat fragmentation, hunting, and environmental degradation.⁶³ Assam macaques resemble small to medium-sized dogs in terms of size and show sexual dimorphism. Adult males can grow up to 73 cm in length, while females typically reach about 59 cm. Males generally weigh between 10 and 14.5 kg, whereas females are slightly lighter, ranging from 8 to 12 kg. The species is distinguished by its hairless face, often displaying a reddish-purplish hue, and its light green or amber-coloured eyes.⁶⁴
15. Southern Pig–tailed Macaque

The southern pig-tailed macaque (Macacanemestrina), also known as the Sundaland pig-tailed macaque or Sunda pig-tailed macaque, is a medium-sized primate native to southern Thailand, Malaysia, northeastern India, and Indonesia.⁶⁵ Locally referred to as berok, these macaques inhabit a diverse range of ecosystems, including riverine and coastal forests, mangroves, and both primary and secondary forests.⁶⁶ Southern pig-tailed macaques show sexual dimorphism, with males being larger than females. Males typically measure between 49.5 and 56.4 cm in length, while females range from 46 to 56.4 cm. Their tails, which are relatively short compared to other monkey species, give them their popular name, as they are carried half-erect, somewhat resembling a pig’s tail. The average weight for females is between 4.7 and 10.9 kg, whereas males weigh between 6.2 and 14.5 kg.⁶⁵ Southern pig-tailed macaques have olive-brown fur covering most of their bodies, except for their white undersides. The fur on the tops of their heads is dark brown or black and grows in a pattern that creates the appearance of a depression at the centre of their heads. They travel in small subgroups of two to six monkeys, foraging as they move along the ground while maintaining contact with other subgroups through vocalizations.⁶⁵ The IUCN has listed the species as “Vulnerable”.⁶⁷
15. Crab eating Macaque
The crab-eating macaque (Macacafascicularis), also known as the long-tailed macaque, is a cercopithecine primate native to Southeast Asia.⁶⁸, ⁶⁹ In laboratory settings, it is often referred to as the cynomolgus monkey.⁶⁸ This species has a long history of interaction with humans, where it has been regarded as a sacred animal, a pest in agricultural areas, and, more recently, as a valuable subject in medical research. As opportunistic omnivores, these macaques have been observed using tools to obtain food in regions such as Thailand and Myanmar, demonstrating their adaptability and intelligence. However, the crab-eating macaque is also considered an invasive species in certain regions, including western New Guinea and Hong Kong, where it poses a threat to local biodiversity. The significant overlap between macaque and human habitats has led to habitat degradation, synanthropic living, and conflicts over resources between species.⁷⁰
The name "long-tailed macaque" reflects one of the species' most distinctive features—a remarkably long tail that aids in balance. The tail typically measures between 40 and 65.5 cm, longer than the combined length of the head and body, which ranges from 41.2 to 64.8 cm in males and 38.5 to 50.3 cm in females. Sexual dimorphism is evident in this species, with males weighing between 4.7 and 8.3 kg and females between 2.5 and 5.7 kg.⁶⁹ The fur of the crab-eating macaque varies from gray to brown, becoming lighter around the abdomen. At birth, infants have significantly darker fur, which lightens as they mature. The macaque's face is pink, with prominent square ears and yellow-brown eyes. Males are characterized by their prominent moustaches, while females have beards. Both sexes feature cheek whiskers and possess cheek pouches that allow them to store food for later consumption.⁶⁸, ⁷¹ The IUCN has classified this species as “Vulnerable”.⁷²
16. Rhesus macaque

The rhesus monkey (Macacamulatta), an Old World monkey, has a broad geographical range extending from Afghanistan to the Pacific coast of China, encompassing regions such as Bangladesh, India, Nepal, Bhutan, Laos, Thailand, Vietnam, and Pakistan.⁷³, ⁷⁴Indian rhesus macaques are medium-sized monkeys with coat colours ranging from brown to gray. Adult males typically measure around 53.18 cm in length and weigh approximately 7.7 kg, while females are slightly smaller, with an average length of 46.9 cm and a weight of about 5.34 kg. Their medium-length tails average between 21 and 23 cm.⁷⁵ Rhesus monkeys have a lifespan of 25 to 30 years. Their fur varies from pale brown to auburn, with gray streaks, and their underbellies display a lighter brown hue. They have distinctive almond-shaped, yellowish-brown eyes beneath prominent eyebrows, large pointed pink ears, and hairless, reddish-pink faces that resemble their bottoms. Their narrow, flat noses, slanted nostrils, and projecting mouths with thin lips add to their unique appearance.⁷⁵ Rhesus macaques spend their time both on the ground and in trees during the day. Primarily herbivorous, their diet includes grains, fruits, seeds, roots, buds, and bark. Due to their ease of maintenance, widespread availability, and close anatomical and physiological resemblance to humans, rhesus macaques have been extensively used in medical and biological research.⁷⁶ They have played a crucial role in developing antiretroviral drugs for HIV/AIDS and vaccines for smallpox, polio, and rabies.⁷⁷ 
17.  Arunachal Macaque
The Arunachal macaque (Macacamunzala) is a macaque native to Arunachal Pradesh in Northeast India, though it is also likely to occur in Tibet and Bhutan, areas that remain to be surveyed for the species.⁷⁸, ⁷⁹ Also known as the Himalayan macaque, this species is classified as “Endangered” on the IUCN Red List due to habitat degradation, poaching, and human-wildlife conflict.⁸¹The species is divided into two subspecies: the Eastern Assam macaque and the Western Assam macaque. Sexual dimorphism is evident, with males reaching up to 73 cm in length and weighing between 7.9–15 kg, while females are smaller, measuring up to 59 cm and weighing between 4.9–8.6 kg.⁸⁰ Arunachal macaques are robust, stocky monkeys characterized by relatively short tails, long limbs, and pinkish faces. Their coats are yellowish-brown, with lighter shades on the chest and limbs, further distinguishing them from other macaque species.⁷⁸, ⁸⁰
18. Bengal slow loris
The Bengal slow loris (Nycticebusbengalensis), also known as the northern slow loris, is a strepsirrhine primate native to the Indian subcontinent. Its range includes Bangladesh, Cambodia, Vietnam, Laos, Thailand, Myanmar, northeastern India, and southern China.⁸¹, ⁸² Recognizable by its slow, deliberate movements and distinctive features such as large eyes and a rounded face, the Bengal slow loris measures between 25 and 35 cm in length and can weigh up to 2 kg. Both males and females show similar size and appearance.⁸³ Their physical characteristics include a rounded head, flat face, short ears, prominent eyes, vestigial tail, and dense, woolly fur, which are shared with other slow loris species. They possess a wet nose (rhinarium) and communicate with other members of their species by secreting a toxic substance from their brachial glands.⁸², ⁸⁴Breeding is seasonal, with females giving birth to a single offspring once a year or every 18 months. The mother raises the young until they reach sexual maturity. The Bengal slow loris is currently listed as “Endangered” on the IUCN Red List due to habitat degradation, poaching for food, and exploitation in traditional medicine.⁸⁵
Non–human primates and the concept of One Health
One Health is a concept that emphasizes the interconnectedness of human, animal, and environmental health. It recognizes that protecting animal and environmental health is crucial for safeguarding human health. Many animal species, both domestic and wild, can harbour pathogens that may be transmitted to humans, leading to potentially severe diseases. The COVID–19 pandemic highlighted the importance of this approach, as the virus probably jumped from bats to humans, causing a global crisis.
The One Health framework has gained prominence following the pandemic, which illustrated how pathogens can cross species barriers and create significant challenges in controlling and treating diseases. This underscores the need to understand the pathogens carried by different animal populations and assess the risks they pose to humans. Figure 2 highlights the key elements under this One Health framework of human-nonhuman primate health risks in the Indian Subcontinent.
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Figure 2: Interconnected pathways of human-nonhuman primate health risks in the Indian Subcontinent

NHP, in particular, has seen increased interactions with humans in recent decades. Such interactions can disrupt natural barriers and increase the risk of zoonotic disease transmission. Additionally, NHP are frequently used in biomedical research, posing a continuous risk to animal care staff and veterinarians. Understanding and managing these risks is essential for effective disease prevention and control. In the Indian subcontinent, NHP are commonly found in a variety of environments, including forests, villages, suburban areas, and hilly regions. Routine human–NHP interactions occur in these areas through activities such as woodcutting, cattle rearing, forest management, recreational outings, research expeditions, agricultural work, and even feeding NHP at temples or along highways.
A report from the emergency department at a tertiary care health facility in a northern hilly Indian city highlighted that Shimla, a hilly city in the Himalayan region, alone recorded 1500 animal bites, with monkey bites being the reason in 42.85% of these cases.86 Human–NHP conflicts are particularly prevalent in villages where primates frequently enter agricultural fields in search of food. Additionally, deforestation and habitat expansion have increased opportunities for human–animal interactions, potentially heightening the risk of pathogen transmission between NHP and humans. Various viral, bacterial, protozoan, and parasitic diseases have been reported in NHP, some of which could potentially cause diseases in humans.
Zoonotic potential of non-human primates
Table 1 lists common diseases from NHP that pose health hazards to humans and animals, followed by a discussion highlighting the most significant ones.

Table 1. List of various non–human primate infectious agents
	Pathogen
	Symptoms
	Transmission Mode
	Affected primates
	Reference

	Viruses
	
	
	
	

	B virus
	Fever, chills, vesicles
	Bites, contact with fluids
	Macaques
	87, 88, 89,

	Simian Foamy virus
	Usually asymptomatic
	Bites, saliva
	Macaques, Baboons, Chimpanzees
	87, 88, 90

	SIV (Simian Immunodeficiency Virus)
	AIDS–like symptoms
	Blood, body fluids
	Macaques, Chimpanzees
	87, 88, 91

	Mpox (Monkeypox)
	Rash, fever, lymphadenopathy
	Bites, body fluids
	Macaques, Baboons, Chimpanzees
	87, 88, 92

	Yellow fever
	Fever, jaundice, hemorrhage
	Mosquito bites
	Macaques, Baboons, Chimpanzees
	87, 88, 93

	Dengue virus
	Fever, rash, hemorrhagic fever
	Mosquito bites
	Macaques, Baboons, Chimpanzees
	87, 88, 94

	Ebola virus
	Hemorrhagic fever, organ failure
	Body fluids, contact
	Macaques, Chimpanzees
	87, 88, 95

	Bacteria
	
	
	
	

	Mycobacterium tuberculosis
	Chronic cough, weight loss
	Aerosols, contact
	Macaques, Baboons, Chimpanzees
	87, 88, 96

	Mycobacterium leprae
	Skin lesions, nerve damage
	Contact
	Macaques, Chimpanzees
	87, 88, 97

	Leptospira spp.
	Fever, headache, muscle pain
	Contaminated water
	Macaques, Baboons, Chimpanzees
	87, 88, 98

	Salmonella spp.
	Diarrhea, fever, abdominal pain
	Faecal–oral
	Macaques, Baboons, Chimpanzees
	87, 88, 99

	Shigella spp.
	Bloody diarrhea, fever
	Faecal–oral
	Macaques, Baboons, Chimpanzees
	87, 88, 100

	Yersinia pseudotuberculosis
	Fever, abdominal pain
	Faecal–oral
	Macaques, Baboons, Chimpanzees
	87, 88, 101

	Yersinia enterocolitica
	Diarrhea, fever, abdominal pain
	Faecal–oral
	Macaques, Baboons, Chimpanzees
	87, 88, 101

	Parasitic Diseases
	
	
	
	

	Hymenolepis nana
	Often asymptomatic, abdominal pain
	Faecal–oral
	Macaques, Baboons, Chimpanzees
	87, 88

	Oesophagostomum spp.
	Abdominal pain, diarrhea
	Faecal–oral
	Macaques, Baboons, , Chimpanzees
	87, 88

	Strongyloides spp.
	Rash, abdominal pain, diarrhea
	Faecal–oral
	Macaques, Baboons, Chimpanzees
	87, 88

	Trichuris spp.
	Often asymptomatic, diarrhea
	Faecal–oral
	Macaques, Baboons, Chimpanzees
	87, 88

	Enterobiusvermicularis
	Itching, abdominal pain
	Faecal–oral
	Macaques, Chimpanzees
	87, 88

	Balantidium coli
	Diarrhea, abdominal pain, nausea
	Faecal–oral
	All primates
	87, 88

	Cryptosporidium spp.
	Diarrhea, dehydration
	Faecal–oral
	All primates
	87, 88,  102

	Entamoeba histolytica
	Diarrhea, abdominal pain, liver abscess
	Faecal–oral
	All primates
	87, 88

	Giardia intestinalis
	Diarrhea, abdominal pain, bloating
	Faecal–oral
	All primates
	87, 88

	Plasmodium spp.
	Fever, chills, anemia
	Mosquito bites
	All primates
	51, 87, 88


Conclusion
NHPs of the Indian subcontinent occupy a critical position at the interface of biodiversity, human health, and disease ecology. Their close genetic proximity to humans makes them indispensable models for biomedical research, but it also heightens the risk of cross-species pathogen transmission. As highlighted in this review, NHPs are associated with a wide spectrum of infectious agents including Mycobacterium tuberculosis, Plasmodium knowlesi, Herpes B virus, Kyasanur Forest Disease virus, SARS-CoV-2, monkeypox virus, and antimicrobial-resistant bacteria that can impact both human and primate health. Many of these pathogens persist latently or establish ecological reservoirs within NHP populations, facilitating long-term circulation and spillover potential.
Mitigating these challenges requires moving beyond species-level conservation to adopt a robust One Health approach. Integrating systematic pathogen surveillance in wild, captive, and peri-urban NHP populations with strengthened veterinary care and ecological monitoring will be essential. Coupled with biosecurity in research and zoological facilities, and intersectoral collaboration among wildlife, veterinary, and public health stakeholders, such strategies can minimize zoonotic risks, safeguard human health, and ensure the long-term survival of primate species in the Indian subcontinent.
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