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In the absence of direct evidence, an imagined ''cut hunter'' stands in for the index patient of pandemic HIV/AIDS. During the early years of colonial rule, this explanation goes, a hunter was cut or injured from hunting or butchering a chimpanzee infected with simian immunodeficiency virus, resulting in the first sustained human infection with the virus that would emerge as HIV-1M. We argue here that the ''cut hunter'' relies on a historical misunderstanding and ecological oversimplification of human-chimpanzee (Pan Troglodytes troglodytes) interactions that facilitated pathogenic transmission. This initial host shift cannot explain the beginnings of the HIV/AIDS pandemic. Instead, we must understand the processes by which the virus became transmissible, possibly between Sangha basin inhabitants and ultimately reached Kinshasa. A historical epidemiology of the late nineteenth and twentieth centuries, provides a much-needed corrective to the major shortcomings of the cut hunter. Based on 62 oral historical interviews conducted in southeastern Cameroon and archival research, we show that HIV emerged from ecological, economic, and socio-political transformations of the late nineteenth and twentieth centuries. The gradual imposition of colonial rule built on and reoriented ecologies and economies, and altered older patterns of mobility and sociality. Certain changes may have contributed to the initial viral host shift, but more importantly, facilitated the adaptation of HIV-1M to human-to-human transmission. Our evidence suggests that the most critical changes occurred after 1920. This argument has important implications for public health policy, underscoring recent work emphasizing alternative pathways for zoonotic spillovers into human beings.

INTRODUCTION

The ''cut hunter,'' the purported index patient of pandemic HIV-1M, serves as an explanation for the first sustained cross-species transmission of a simian immunodeficiency virus (SIV) from nonhuman primates (NHPs) into a human being. According to this model, late nineteenth century European colonizers imported huge numbers of firearms, and one African hunter, profiting from this arms influx, was cut or injured by a chimpanzee infected with SIV; he then traveled down the Sangha river to
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Kinshasa and became the ''Patient Zero'' of the HIV/AIDS pandemic [START_REF] Pepin | The Origins of AIDS[END_REF][START_REF] Hahn | AIDS as zoonosis: scientific and public health implications[END_REF][START_REF] Chitnis | Origin of HIV type 1 in colonial French Equatorial Africa? AIDS Research and Human Retroviruses 16:5-8 Conan (1913) Organisation du Service de Sante ´en Afrique Equatoriale Franc ¸aise[END_REF][START_REF] Worobey | Direct evidence of extensive diversity of HIV-1 in Kinshasa by 1960[END_REF][START_REF] Stoecker | Origin and biology of simian immunodeficiency virus in wild-living western gorillas[END_REF][START_REF] Souza | Inspecteur de 2 e `me classe des Colonies, concernant les travaux d'e ´quipement du re ´seau fluvial Congo-Oubangui-Sangha et l'exploitation des moyens de transport sur ces fleuves[END_REF][START_REF] Peeters | The origin and diversity of human retroviruses[END_REF][START_REF] Faria | The early spread and epidemic ignition of HIV-1 in human populations[END_REF]. Colonialism and firearms thus served as twin catalysts to the global pandemic, wresting equatorial Africans from their sedentary, isolated existence, and forcibly compelling them to supply the new colonial economy with forest resources, including hunting chimpanzees and other forest game with powerful new technologies.

The ''cut hunter'' model is based on the logical likelihood of SIV transmission through contact with bodily fluids, not on historical or clinical evidence. Some researchers suggest other transmission pathways [START_REF] Locatelli | Cross-species transmission of simian retroviruses: how and why they could lead to the emergences of new diseases in the human population[END_REF][START_REF] Peeters | The origin and diversity of human retroviruses[END_REF][START_REF] Faria | The early spread and epidemic ignition of HIV-1 in human populations[END_REF]), but the predominant emphasis is on hunting as the source of infection. We argue that the cut hunter relies on ecological oversimplification and historical misunderstanding of human-chimpanzee (Pan Troglodytes trogolodytes) interactions that facilitated pathogenic transmission. SIVs are ancient viruses [START_REF] Worobey | Island biogeography reveals the deep history of SIV[END_REF], transmitted between NHPs through multiple pathways, not just hunting. As inhabitants of the Sangha basin forest for many thousands of years, human beings have occupied overlapping habitats with NHPs, competed for foraged resources, and hunted NHPs, including chimpanzees [START_REF] Vansina | Paths In The Rainforests: Toward A History Of Political Tradition In Equatorial Africa[END_REF][START_REF] Klieman | Neglected actors in neglected tropical diseases research: historical perspectives on health workers and contemporary Buruli ulcer research in Ayos, Cameroon[END_REF]. Thus, there is no reason to assume that the first human exposure to SIV occurred during the colonial period. Moreover, this initial host shift cannot explain the beginnings of the HIV/AIDS pandemic. Instead, we must understand the processes by which the virus became transmissible between Sangha basin inhabitants and ultimately reached Kinshasa. A historical epidemiology of the late nineteenth and twentieth centuries provides a much-needed corrective to the major shortcomings of the cut hunter [START_REF] Webb | Historical epidemiology and infectious disease processes in Africa[END_REF].

We argue that HIV emerged as a result of ecological, economic, and socio-political transformations of the late nineteenth and twentieth centuries. Colonial rule reoriented ecologies and economies, altered older patterns of mobility and sociality, and introduced invasive medical procedures. The most critical changes occurred after 1920 and facilitated HIV-1M adaptation to human beings.

This argument is important because uncritical acceptance of the cut hunter makes for dangerous public health policy. The cut hunter has served as a template for more recent zoonotic disease emergence [START_REF] Wolfe | Bushmeat hunting, deforestation, and prediction of zoonotic disease emergence[END_REF][START_REF] Wolfe | Origins of major human infectious diseases[END_REF]. Despite recent efforts to address other risk factors for zoonotic spillover, hunting and butchering continue to dominate explanations for cross-species infections [START_REF] Paige | Beyond bushmeat: animal contact, injury, and zoonotic disease risk in western Uganda[END_REF][START_REF] Mossoun | Contact to non-human primates and risk factors for zoonotic disease emergence in the Taı ¨Region, Co ˆte d'Ivoire[END_REF][START_REF] Johnson | Spillover and pandemic properties of zoonotic viruses with high host plasticity[END_REF]. Historical epidemiological investigations suggest other pathways for zoonotic spillovers into human beings that have practical significance for global health interventions.

BEYOND THE ''CUT HUNTER''

Phylogenetic analyses of HIV-1M and SIVcpz have given rise to numerous explanations of the virus's initial emergence in the central African middle Sangha river basin [START_REF] Faria | The early spread and epidemic ignition of HIV-1 in human populations[END_REF][START_REF] Keele | Chimp reservoirs of pandemic and nonpandemic HIV-1[END_REF]. These analyses indicate a chimpanzee-to-human transmission sometime between 1908 and 1933, but questions remain about when and how this transmission occurred.

Although hunting and butchering are high-risk activities that facilitate transmission through infected bodily fluids, the cut hunter has ecological and historical limitations. Phylogenetic analyses of different SIV strains reveal that they have long existed and circulated among NHPs [START_REF] Worobey | Island biogeography reveals the deep history of SIV[END_REF]. Although some SIV transmissions between NHPs apparently result from hunting, others do not. SIV transmission from Chlorocebus sabaeus (Green monkey) to Erythrocebus patas (Patas monkey) evidently occurred because the two species are sympatric and engage in mutual grooming, delousing, and biting [START_REF] Bibollet-Ruche | Simian immunodeficiency virus infection in a patas monkey (Erythrocebus patas): evidence for cross-species transmission from African green monkeys (Cercopithecus aethiops sabaeus). in the wild[END_REF]. Although gorillas have been infected with chimpanzee SIV, they are not known to hunt or eat meat [START_REF] Keele | Chimp reservoirs of pandemic and nonpandemic HIV-1[END_REF][START_REF] Hofreiter | Vertebrate DNA in fecal samples from Bonobos and Gorillas: evidence for meat consumption or artefact?[END_REF]. Because certain SIV transmissions cannot be traced to hunting, examining the range of contacts between humans and NHPs can yield insight into how SIVs and other microbes circulate.

From a historical perspective, the cut hunter narrative neglects the dynamic change among people, animals, forest resources, and microbes in central Africa's middle Sangha basin before colonization (Figure 1). It reproduces historical misconceptions that these societies were immobile, had no access to firearms, and did not hunt chimpanzees. Human habitation of this forest extends as far back as 40,000-35,000 B.P., and the establishment of forest villages and agriculture in present-day southern Cameroon date to the mid-to-late second millennium B.C.E. [START_REF] Holl | Cameroun[END_REF], cited in Klieman 2003). Human hunting of chimpanzees and exposure to SIV is likely millennia-old. Bangando elders, one of the several forest societies inhabiting the region, recounted that their ancestors hunted chimpanzees with crossbows, spears, and traps.

Second, historical analyses of the nineteenth century Sangha basin reveal mobility, vibrant economic activity, and ample access to firearms for some societies [START_REF] Siroto | Masks and social organization among the Bakwele people of western equatorial Africa[END_REF][START_REF] Harms | River Of Wealth, River Of Sorrow: The Central Zaire Basin In The Era Of The Slave And Ivory Trade, 1500-1891[END_REF][START_REF] Copet-Rougier | Resource Use in the Trinational Sangha River Region of Equatorial Africa: Histories, Knowledge Forms, and Institutions[END_REF][START_REF] Guillaume | Du miel au cafe ´, de l'ivoire a `l'acajou[END_REF][START_REF] Giles-Vernick | Cutting The Vines Of The Past: Environmental Histories Of The Central African Rain Forest, Charlottesville[END_REF][START_REF] Klieman | Neglected actors in neglected tropical diseases research: historical perspectives on health workers and contemporary Buruli ulcer research in Ayos, Cameroon[END_REF][START_REF] Rupp | Forests Of Belonging: Identities, Ethnicities, And Stereotypes In The Congo River Basin[END_REF]. Pressures on nineteenth century forest populations came from the north, south, and west, precipitating intensive warfare, flight, slave raiding, and trade in food crops and forest products for medical treatment and bodily adornment [START_REF] Loyre | Les populations de la Moyenne Sanga[END_REF][START_REF] Cottes | Rapport sur le Trace ´de la Frontie `re entre le Congo Franc ¸ais et le Cameroun (Re ´gion Sangha-N'Goko[END_REF][START_REF] Copet-Rougier | Resource Use in the Trinational Sangha River Region of Equatorial Africa: Histories, Knowledge Forms, and Institutions[END_REF]. Sangha basin riverine and forest-edge societies actively traded guns, local slaves, ivory, foods, and other commodities [START_REF] Siroto | Masks and social organization among the Bakwele people of western equatorial Africa[END_REF][START_REF] Harms | River Of Wealth, River Of Sorrow: The Central Zaire Basin In The Era Of The Slave And Ivory Trade, 1500-1891[END_REF][START_REF] Harms | Games Against Nature: An Eco-Cultural History Of The Nunu Of Equatorial Africa[END_REF][START_REF] Copet-Rougier | Carnets de terrain, 1980, tome III[END_REF][START_REF] Copet-Rougier | Resource Use in the Trinational Sangha River Region of Equatorial Africa: Histories, Knowledge Forms, and Institutions[END_REF][START_REF] Klieman | Neglected actors in neglected tropical diseases research: historical perspectives on health workers and contemporary Buruli ulcer research in Ayos, Cameroon[END_REF]. Forest societies, such as the Bangando, engaged in local, regional, and long-distance trade; iron (injewuso) and brass currencies and a prized powder made from red hardwood (mongwe ´le ´) for bodily adornment circulated.

For some researchers and commentators, HIV emergence offers a model for newly emerging diseases from the African equatorial rain forest [START_REF] Wolfe | Bushmeat hunting, deforestation, and prediction of zoonotic disease emergence[END_REF][START_REF] Wolfe | Origins of major human infectious diseases[END_REF][START_REF] Wolfe | The Viral Storm: The Dawn Of A New Pandemic Age[END_REF][START_REF] Pepin | The Origins of AIDS[END_REF][START_REF] Quammen | Spillover: Animal Infections And The Next Human Pandemic[END_REF][START_REF] Quammen | Le Gouverneur Ge ´ne ´ral de l'Afrique Equatoriale Franc ¸aise commandeur de la Le ´gion d'Honneur Charge ´de l'Administration du Moyen-Congo a Monsieur le Chef de la Circonscription de la Haute-Sangha (Carnot)[END_REF]. Ecological and historical evidence indicates that although hunting and butchering could be the source of SIVcpz infection in human beings, other human-chimpanzee interactions may also have provided opportunities for transmission. Ethnoprimatologist Agustı ´n Fuentes argues that people and NHPs ''are simultaneously actors and participants in sharing and shaping mutual ecologies…an interweaving of structural and social ecologies'' [START_REF] Fuentes | Naturalcultural encounters in Bali: monkeys, temples, tourists and ethnoprimatology[END_REF]. The full range of interactions in these interwoven ecologies may be central to understanding HIV and other emerging diseases. Training our sights exclusively on hunting and butchering neglects the ''mutual ecologies'' and other activities potentially facilitating chimpanzee-to-human transmission.

METHODS

Southeastern Cameroon, bordered by the Sangha and Ngoko rivers, has long been a linguistic, socio-cultural, economic, and political crossroads. Understanding its place in HIV's historical emergence requires deep knowledge of its history and social, ecological, and economic connections with the Sangha basin forest. We base the present analysis on 4 months of oral historical field research and participant-observation of daily activities in southeastern Cameroon during 2015-2016, investigation of colonial administrative and missionary archives, and long-term historical and anthropological research experience in southeastern Cameroon (Rupp and Ambata) and in the middle Sangha basin forest (Giles-Vernick).

Using an interview guide pretested in 2014, we conducted 62 semi-structured, oral historical interviews on hunting, butchering, gathering, illness and treatment, ri- Beyond the Cut Hunter: A Historical Epidemiology of HIV Beginnings in Central Africa tual, mobility, ecological use and change, and trade and economic change. We used snowball sampling to identify and interview 14 women and 53 men over 50 years old and knowledgeable about the past. Interviews were conducted and recorded in Bangando, Baka, and French. We also recorded proverbs and tales from four women and seven men. All recordings were transcribed verbatim by an assistant. Rupp verified transcriptions and translations into French.

We conducted participant-observation of men's and women's activities that bring them into contact with NHPs, taking detailed notes of these observations.

Finally, we conducted archival research at the Centre des Archives d'outre-mer (Aix-en-Provence) and at various libraries in France: relevant missionary archives (Chevillyla-rue and Annecy, France), the Bundesarchiv (German colonial archives), the papers of French anthropologist Elisabeth Copet-Rougier concerning late pre-colonial and early colonial years in the Sangha basin.

We used nested scales of analysis to evaluate HIV beginnings. Our present field research focused on Bangando, Baka, and Bakwe ´le ´individuals living in villages from Mikel to Moloundou in the Lobe ´ke ´forest of southeastern Cameroon. We also based our analysis on previous historical and anthropological research, as long-term, intensive agricultural, trading, and cultural and political exchanges linked communities in southeastern Cameroon with those of the middle Sangha basin.

The Cameroonian National Research Ethics Committee and Institut Pasteur Institutional Review Board gave ethical approvals for the study. All informants provided informed consent.

We used qualitative content and discourse analysis for all data [START_REF] Forman | Siminoff LA (editors) Empirical methods for bioethics: a primer[END_REF]. After reading all transcriptions, archival documents, and notes, we conducted line-by-line, inductive and deductive coding, and then revised our codes to account for larger data segments. We evaluated results generated by these coding exercises and wrote memos to analyze relationships between our data, codes, and analytical categories. From these analyses, we developed a historical explanation of HIV emergence based on colonial and missionary data, oral histories, and published phylogenetic analyses.

Several strategies ensured rigorous data collection and analysis. We remained attentive to the different historical and social perspectives from which our data were produced, and triangulated oral histories with colonial documents, published historical accounts, and biomedical literatures on HIV. We presented our study results at five international conferences of HIV and emerging disease specialists [START_REF] Rupp | People and primates: investigating interspecies intimacies in the history of HIV/AIDS Emergence[END_REF][START_REF] Giles-Vernick | Pathogenic exchanges, people and great apes in the Congo and Sangha river basins of equatorial forest[END_REF][START_REF] Giles-Vernick | Against the cut hunter: An historical evaluation of HIV beginnings in equatorial Africa. Presented at the conference, understanding human-animal disease: emergency, ecologies, ethnography[END_REF][START_REF] Rupp | Historical and social contexts of HIV-1M Emergence: Evidence from Southeastern Cameroon[END_REF][START_REF] Giles-Vernick | Rethinking early emergence of HIV-1M in central Africa: Why we need to consider the 19th c. Sangha Basin[END_REF][START_REF] Rupp | Social and historical contexts of HIV-1 emergence in Southeastern Cameroon[END_REF].

RESULTS

Our oral historical and archival research shows that the imposition of colonial rule was an uneven process spanning nearly three decades. After 1920, colonial rule intensified transformations that augmented the frequency of contact with chimpanzees and likely adapted the infection for human sexual transmission (Table 1).

Human-Chimpanzee Contact Through Ecological and Economic Transformations

Even before effective colonization, European commercial networks had begun to transform human, chimpanzee, and ecological relations in the Sangha basin region. By 1891, Belgian and Dutch trading companies purchased rubber and ivory along the Sangha and Ngoko rivers and exported these products via steamer; Hausa and Fulbe ´caravans purchased and transported ivory northwards [START_REF] Gaillard | Rapport de M. l'Administrateur Gaillard, sur son voyage dans la Sangha[END_REF][START_REF] Mittler | Fonds Elisabeth Copet-Rougier, Laboratoire d'anthropologie sociale, Colle `ge de France, Travail sur des archives des colonies en Afrique, Archives allemandes[END_REF][START_REF] Anonymous | Territoires Occupe ´s Militairement du Nouveau Cameroun. Circonscription de la Kade ´i-Sangha, Rapport Ge ´ne ´ral, sur la Socie ´te ´Forestie[END_REF].

Following initial German explorations of southeastern Cameroon in 1897, the first wave of colonial control and intervention came in the form of concessionary companies. The Gesellschaft Su ¨dkamerun (GSK), based in Hamburg, Germany, was established in 1898 as a private trading company paying yearly rents (10 % share of profits) in exchange for access to resources and laborers in a vast concession of 81,597 square kilometers in southeastern Cameroon. The company controlled the German colonial outpost in Moloundou, developing a rubber depot, warehouses, and a port connecting steamer traffic along the Sangha and Congo rivers [START_REF] Fourneau | Mission Fourneau, Rapport Anecdotique[END_REF]Cureau 1911). GSK operated until 1915, when France forced Germany's withdrawal from the Sangha region. After imposing de facto control over what would become French Cameroon in 1916, France continued to impose its concessionary system throughout the middle and upper Sangha basin forests until the 1920s (Coquery-Vidrovitch 1972). Environmental exploitation and agricultural production continued and intensified under other private commercial enterprises from the 1920s to 1960.

The colonial regimes introduced new forms of environmental extraction and reoriented benefits to accrue to companies and colonial powers through rents. They propelled African subjects into new or expanded activities that could enhance cross-species transmission possibilities and adapt HIV to human-to-human transmission.

Hunting and Gun Access

Equatorial Africans had long hunted animals, including chimpanzees, gorillas, elephants, and other species. Forest groups, including Bangando, Baka, and Bakwe ´le ´, hunted elephants for meat, which entered into networks of exchange for ordinary and ritual consumption. In the nineteenth century, ivory was a marker of political power and social prestige, but was neither hoarded nor traded for economic gain. Under colonial rule, hunting practices and motivations changed, and offtake accelerated after 1920.

Archival sources, explorers' accounts, and oral histories attest to changing relations with forest animals after 1900. These changes occurred in two phases. In the first, European trading companies and subsequently GSK increased elephant hunting for ivory [START_REF] Gaillard | Rapport de M. l'Administrateur Gaillard, sur son voyage dans la Sangha[END_REF][START_REF] Mittler | Fonds Elisabeth Copet-Rougier, Laboratoire d'anthropologie sociale, Colle `ge de France, Travail sur des archives des colonies en Afrique, Archives allemandes[END_REF][START_REF] Stoecker | Origin and biology of simian immunodeficiency virus in wild-living western gorillas[END_REF]). We found no evidence, however, of expanded hunting of other animals until the 1920s. One aged woman who had witnessed the arrival of the French after the German retreat recounted, ''There was a change during the French period. Fear was finished. Everybody was looking for meat, and these animals (chimpanzees) were meat. We could also sell the young. So everyone hunted them.'' For Africans not already possessing firearms, access to guns did not come immediately with colonial rule's imposition. Interviewed elders differed about when and how they gained access to guns. Some insisted that their ancestors obtained guns before colonization. Others indicated that although they previously hunted with crossbows and spears, certain villages during German colonization might have acquired one gun for a chief or elder, but that arms acquisitions expanded under the French before the Second World War.

Uprisings in French Congo and German Kamerun in the early twentieth century led colonial authorities to restrict African subjects' gun access before the First World War (Pauwels 1901;[START_REF] Mestayer | L'Administrateur De ´le ´gue ´a `Monsieur le Ministre des Colonies (Decrais) CAOM, Gabon Congo III, dossier 13 Millous (1936) Le traitement de la maladie du sommeil au Cameroun[END_REF][START_REF] Loyre | Les populations de la Moyenne Sanga[END_REF][START_REF] Stoecker | Origin and biology of simian immunodeficiency virus in wild-living western gorillas[END_REF]. Before and during the war, many guns were imported, mostly destined for colonial troops and European administrators and agents. Although certain concessionary In 1928, the Compagnie Forestie `re de la Sangha-Oubangui published new tariffs for river transport from Ouesso along the Sangha and N'Goko rivers, charging five francs for carrying ''parrots, monkeys and dogs'' [START_REF] Direction | Tarifs des transports fluviaux, CAOM, AEF 8Q29[END_REF][START_REF] Gondran | L'administrateur des Colonies Gondran, Chef de la Circonscription de la N'Goko Sangha a `Monsieur le Gouverneur Ge ´ne ´ral de l'Afrique Equatorial Franc ¸aise (Finances-Moyen Congo) a `Brazzaville. No 50, Transports fluviaux sur re ´quisitions, CAOM AEF 8Q29 (Compagnie Forestie `re de la Sanga-Oubangui) Gondran[END_REF]. Steamer transport of NHPs was frequent enough to merit mention on transport price lists.

No archival evidence documents NHPs traveling from Ouesso and Brazzaville, but Lobe ´ke ´elders asserted that ''everything'' saleable traveled on those steamships, including chimpanzees. One elder described different baskets that her mother fabricated for transporting live monkeys, chimpanzees, and young gorillas on steamships.

Rubber and Other Gathered Products

Commercial interests introduced rubber collection before the arrival of German colonial and concessionary administrators. Overall, production expanded between 1907-1912[START_REF] Anonymous | Territoires Occupe ´s Militairement du Nouveau Cameroun. Circonscription de la Kade ´i-Sangha, Rapport Ge ´ne ´ral, sur la Socie ´te ´Forestie[END_REF], thereafter interrupted by a global rubber market crisis and the First World War. It revived in 1915-1920, 1925-26, and finally during the Second World War (Coquery-Vidrovitch 1972;[START_REF] Austen | Equatorial Africa under colonial rule[END_REF]. Although some researchers suggested that rubber collection expanded chimpanzee hunting [START_REF] Chitnis | Origin of HIV type 1 in colonial French Equatorial Africa? AIDS Research and Human Retroviruses 16:5-8 Conan (1913) Organisation du Service de Sante ´en Afrique Equatoriale Franc ¸aise[END_REF], we found no archival or oral evidence of increased chimpanzee hunting until after 1920. Sangha basin oral histories attest to hunger and exhaustion from forced rubber collection, preparation, and porterage. Unsurprisingly, medical surveys documented many infectious diseases and skin disorders among Sangha basin populations, who sought medical treatment in Moloundou, Ouesso, or Nola [START_REF] Headrick | Colonialism, health and illness in French Equatorial Africa[END_REF].

Other forest products escaped colonial observers' sights, but have long been important in local diets throughout equatorial Africa [START_REF] Klieman | Neglected actors in neglected tropical diseases research: historical perspectives on health workers and contemporary Buruli ulcer research in Ayos, Cameroon[END_REF]). In the Lobe ´ke ´region, people gather wild mangoes (Irvingia spp.) seasonally, extracting the endosperm, which they dry, grill, and pound to make sauces. Chimpanzees, gorillas, and other NHPs also favor these fruits, making wild mango collection sites places of human-NHP contact and competition. Many informants acknowledged that if people found partly eaten fruit left behind by chimpanzees and gorillas, some would eat the remaining fruit, and others would handle it to extract the endosperm.

Agricultural Expansion

Although agricultural production stagnated with initial colonization, demand for and production of cultivated products and foodstuffs expanded from the 1920s [START_REF] Landrau | Instructions sur l'utilisation de la main d'oeuvre indige `ne et sa re ´partition en A[END_REF][START_REF] Coquery-Vidrovitch | Le Congo Au Temps Des Compagnies Concessionnaires 1898-1930[END_REF]. Coquery-Vidrovitch attributes this expansion to the concessionary system's demise and the creation of new commercial enterprises, the development of a salaried worker class and markets, and the imposition of coerced labor. Oral histories collected throughout the middle Sangha confirm this expanding agricultural production from the 1920s.

Colonial observers observed NHP crop raiding throughout the middle Sangha from the late 1920s (Trechot 1931;Saint-Fe ´lix 1932;Sintas 1944). Contemporary studies show that expanding agricultural spaces attract NHP crop raiding, which can facilitate pathogen-sharing through aggression and shared foods [START_REF] Fuentes | The ethnoprimatological approach in primatology[END_REF]. Our informants described substantial dry season crop raiding in banana gardens and cocoa stands, with one cultivator observing, ''When apes enter a garden, it's a massacre.''

Reoriented Mobilities

Over three decades, colonial rule ushered in new mobility patterns through the use of colonial troops to establish order, and through labor recruitment and the development of riverine transport and roads. These changes led to new forms of sociality, expanding both the populations to whom HIV could be transmitted and the directions of pathogenic dissemination.

German colonial rule brought new people into the region-company agents, a small number of mercenaries, and many laborers from neighboring French and Belgian colonies [START_REF] Geisler | Bericht betr[END_REF][START_REF] Neill | Networks In Tropical Medicine: Internationalism, Colonialism And The Rise Of A Medical Specialty[END_REF]. In their brief rule, Germans forcibly conscripted African subjects to collect wild rubber from the Lobe ´ke ´forests and haul it to Moloundou, according to elders' bitter recollections.

Marked changes came by the 1920s with the consolidation of French rule and the arrival of administrators, company agents, and troops from France and West Africa. The creation of a formal labor recruitment system and commercial agriculture and exploitation drew laborers in multiple directions: to oil palm stands near Ouesso, across the river to coffee and cacao plantations in Nola, Bayanga, and Salo, to the Congo-Oce ´an railway construction sites in the late 1920s, and Gabon forestry companies (Association du Commerce 1925;Recrutement Consortium Forestie `re 1930;[START_REF] Gondran | L'administrateur des Colonies Gondran, Chef de la Circonscription de la N'Goko Sangha a `Monsieur le Gouverneur Ge ´ne ´ral de l'Afrique Equatorial Franc ¸aise (Finances-Moyen Congo) a `Brazzaville. No 50, Transports fluviaux sur re ´quisitions, CAOM AEF 8Q29 (Compagnie Forestie `re de la Sanga-Oubangui) Gondran[END_REF][START_REF] Rupp | Note pour Monsieur le Chef de cabinet de M le Secre ´taire Ge ´ne ´ral, CAOM, 2H19 (Recrutement 1945-1947[END_REF]. Numerous elders recounted movements of workers, troops, and wives in all directions to and from the Lobe ´ke ´forest.

Riverine and road networks also developed, but at different times and with different capacities. Riverboat transport along the Sangha River and its tributaries evacuated commodities and moved workers, troops, and administrators to Kinshasa and Brazzaville, from Moloundou eastward to Ouesso, and northward on the Sangha and Mambe ´re ´rivers. Following the First World War, the behemoth Compagnie Forestie `re de la Sangha-Oubangui and Nola trading houses expanded their extractive and trading activities into Cameroon, reorienting products and people through contiguous trade and administrative nodes in Ubangi-Shari (Nola, Salo, Bayanga). Sangha River transport was irregular and difficult, impeded by a changing seasonal ecology, high costs, and frequent breakdowns [START_REF] Ponel | La Haute Sangha (Congo Franc ¸ais)[END_REF][START_REF] Plehn | Nouvelle station de Sangha-Ngoko. In: Deutsch Kolonialblatt. Umtsblatt fu ¨r die Schutzgebiete des Deutschen Reichs. Kamerun. Expedition v. Carnap. Fonds Elisabeth Copet-Rougier, Laboratoire d'anthropologie sociale, Colle `ge de France[END_REF][START_REF] Bruel | Les basses valle ´es de l'Oubangui et de la Sangha La Ge ´ographie[END_REF]; Gouvernement Ge ´ne ´ral de l'A. E.F. 1911;[START_REF] Anonymous | Territoires Occupe ´s Militairement du Nouveau Cameroun. Circonscription de la Kade ´i-Sangha, Rapport Ge ´ne ´ral, sur la Socie ´te ´Forestie[END_REF]Devouton 1935). Road building accelerated from the 1920s.

Medical Campaigns and Routine Care

Superimposed upon these reoriented political ecologies and mobilities were new, invasive medical practices. Serial passage-the sequential transmission of infected blood from one person to another-resulting from injection campaigns appears to be the means by which SIV adapted to human transmission [START_REF] Marx | Serial human passage of simian immunodeficiency virus by unsterile injections and the emergence of epidemic human immunodeficiency virus in Africa[END_REF][START_REF] Sharp | Origins of HIV and the AIDS pandemic[END_REF].

Clinics and hospitals using poorly sterilized instruments and syringes may have contributed to this process.

German colonizers constructed a health clinic in Moloundou by 1909. Ouesso and Nola had rudimentary hospitals by then (Conan 1913). Injections, sutures, and minor surgeries were part of daily medical care, although blood transfusion was not introduced into French Congo until 1933 [START_REF] Headrick | Colonialism, health and illness in French Equatorial Africa[END_REF]Grmek 1990;[START_REF] Schneider | The History Of Blood Transfusion In Sub-Saharan Africa[END_REF]. French colonial health activities and interventions expanded in Cameroon, Moyen-Congo, and Ubangi-Shari from the 1920s [START_REF] Brau | La lutte contre la maladie de sommeil. Histoire de la lutte[END_REF][START_REF] Headrick | Colonialism, health and illness in French Equatorial Africa[END_REF].

Sleeping sickness campaigns have been suggested as a means of amplifying HIV-1M transmission through unsterilized needles to extract blood and lymph samples or to inject atoxyl or other treatments [START_REF] Pepin | Iatrogenic transmission of human retrovirus HTLV-1 and of Hepatitis C virus through parenteral treatment and chemoprophylaxis of sleeping sickness in colonial Equatorial Africa[END_REF][START_REF] Iliffe | The African AIDS Epidemic: A History, Athens: Ohio University Press Jamot (1932) La lutte contre la maladie du sommeil au Cameroun[END_REF]). In the Lobe ´ke ´forest, ecological conditions did not favor trypanosome-carrying tsetse as they did further north [START_REF] Ouzilleau | La maladie du sommeil dans la Haute Sangha[END_REF][START_REF] Brau | La lutte contre la maladie de sommeil. Histoire de la lutte[END_REF], and local populations resisted German attempts to conduct screening [START_REF] Geisler | Bericht betr[END_REF], quoted in Neill 2012). Sleeping sickness control was concentrated further west [START_REF] Brau | La lutte contre la maladie de sommeil. Histoire de la lutte[END_REF]Jamot 1932;Millous 1936;[START_REF] Tantchou | Epide ´mie et Politique En Afrique, Maladie Du Sommeil Et Tuberculose[END_REF][START_REF] Neill | Networks In Tropical Medicine: Internationalism, Colonialism And The Rise Of A Medical Specialty[END_REF]Lachenal et al. 2016).

DISCUSSION

Not all SIV transmission can be explained through primate hunting and blood contact, and thus we explore multiple historical activities and processes facilitating humanchimpanzee contact and their timing to gain insight into early HIV-1M emergence. Contacts between people and chimpanzees were multiple in the early twentieth century. Several interacting practices and historical processes may have permitted initial SIV transmission to people and enhanced HIV-1Ms adaptation after 1920.

Hunting and butchering chimpanzees constitute one high-risk practice, but Middle Sangha basin inhabitants had long hunted chimps, with and without firearms. Multiple African groups acquired firearms from the 1850s, before colonial rule. Moreover, gun possession did not abruptly escalate with colonization, but increased incrementally in the Lobe ´ke ´region until the 1920s. Although the index patient of HIV-1M may have been an African male hunter, other people-colonial soldiers, European administrators, company agents-had greater access to firearms and could also have been the index patient.

Other activities facilitated human-chimpanzee contacts. Agriculture declined after initial colonization, but expanded from the 1920s and likely attracted crop raiding by chimpanzees. It merits closer attention as a practice potentially facilitating SIV transmission to human beings. Gathering, too, should be considered as a potential source of contact and pathogen-sharing. Finally, colonial domestication of chimpanzees was another transmission pathway to people, either in the Sangha basin, or possibly in Brazzaville-Kinshasa, if an infected captive chimpanzee traveled there.

Rubber collection under German rule seems neither to have increased chimpanzee hunting nor exposure to trypanosome-carrying tsetse flies. Nevertheless, from the 1920s, forced labor-rubber collecting, portaging, road building, expanded agricultural production-taxed people's bodies, sapped their productive abilities, and likely transformed animal and disease ecologies. Physical depletions may have rendered people more vulnerable to sickness. Some sought physical relief in regional medical clinics and hospitals. Others pursued new livelihood and employment opportunities in the wider Sangha basin, including Ouesso and Nola, Gabon, and Brazzaville-Kinshasa.

Such changes contributed to HIV-1M's adaptation and spread. Changing mobility patterns were an important response to physical duress, but not necessarily by the direct path of a ''cut hunter'' to Brazzaville-Kinshasa. Our evidence points to significant, durable changes in mobility after 1920, which propelled workers south to these growing cities, and also to commercial enterprises north, south, and east of this region. New mobility patterns created new marital alliances with mobile military troops and laborers, expanding the directions of pathogenic dissemination and populations to whom HIV could potentially be transmitted.

Finally, our historical evidence suggests that medical interventions could have facilitated HIV adaptation to human transmission through medical campaigns and routine care after 1920. Clinics and hospitals offered care that could have facilitated adaptation through serial passage, while mass medical campaigns-for example in Nola-could have adapted or amplified HIV-1M, setting the foundations for a pandemic-in-the-making.

CONCLUSION

This exercise offers more historically grounded insight into early HIV emergence than the ''cut hunter'' hypothesis. Historical sources illuminate the changes precipitated over three decades of colonial rule, and specifically their influ-ence on cross-species SIVcpz transmission to human beings and HIV adaptation to human beings. Contact with chimpanzees came through many activities-hunting and butchering, chimpanzee domestication, agricultural expansion, and gathering. After the 1920s, colonial rule intensified human mobility and exposure to invasive medical practices, facilitating the adaptation of a simian virus to human transmission. We narrow the time frame of emergence to years after 1920, a period described as ''the beginnings of a profound transformation in economic conditions…that translated into a deterioration in the fates of the populations, engendered serious revolts, and resulted in dramatic poverty'' [START_REF] Coquery-Vidrovitch | Le Congo Au Temps Des Compagnies Concessionnaires 1898-1930[END_REF]. Historical evidence does not permit a definitive identification of the Patient Zero of the HIV pandemic, but should encourage us to discard the historically flawed proposition of the cut hunter. Empirically based investigations bring other drivers of new disease emergence into clearer focus.
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 1 Summary of Major Historical Developments and Their Dates of Intensification Domestication and trade of NHPs was another potential source of human-chimpanzee contact. Elders recounted that offspring of hunted chimpanzees and gorillas were sold to French colonial administrators and company agents, who dressed them up to amuse family and friends, serve guests, and work as domestic help. Although we cannot date the earliest NHP domestications or markets, we know this practice existed by the late 1920s.
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More likely contributions to intensified and more frequent contact between people and chimpanzees are italicized.
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