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1 Knowledge on feline immunodeficiency virus relevant to disease management in lynx
1.1 	Virus characteristics, occurrence, and hosts
[bookmark: _Hlk72752468]Feline immunodeficiency virus (FIV) is a retrovirus of the genus Lentivirus, which is closely related to human immunodeficiency virus causing the Acquired Immunodeficiency Syndrome (AIDS) in humans and characterised by similar disease mechanisms (2–5). Five FIV subtypes have been described worldwide (A to E), though new subtypes F and U-NZenv have been recently proposed. Most FIV identified so far belong to subtypes A or B, both of them occur in Europe (4,6). FIV subtypes are not equally common everywhere, and geographic clustering is evident. Moreover, co-infection with two different strains may occur (5). Furthermore, FIV mutates rapidly and shows a high overall genetic diversity. These factors make virus detection by molecular techniques (PCR) challenging (4,6).
[bookmark: _Hlk72751186]FIV occurs in domestic cat populations worldwide. The frequency of infection was estimated to vary from 1-16% in healthy cats to 44% in sick cats (4), but current data is missing for many geographic regions. Cross-reactive antibodies to FIV occur in a number of free-ranging wild felids (2,3,7–9). FIV strains have also been detected in numerous wild felids, for example the puma (Puma concolor), lion (Panthera leo), leopard (Panthera pardus) and Pallas’ cat (Otocolobus manul) (1,7,8,10) but the clinical significance of these infections is controversial. There are several FIV strains that are largely species-specific, although this does not exclude occasional cross-species virus transmission (9,11). Cross-species transmission events can be singular, dead-end events or can result in viral replication and spread in the new species. Strains from wild felids may have a lower disease-causing potential since the virus and host may be adapted to each other in such a way that the infection has no or minimal negative effects on the host (2,7, 12,13). Meanwhile, it has been proposed to talk about FIVs as complex retroviruses with a propensity for rapid mutation and recombination leading to a high rate of viral evolution (1,12).
1.2 	Infection dynamics and disease phases
FIV infection is characterized by the integration of a DNA copy of the viral RNA (called provirus), which results in life-long infection typically including three main phases (14). The first, acute phase immediately follows infection. Although great variations in virus and antibody dynamics have been documented (15), more recent knowledge shows that under experimental conditions, viremia becomes detectable within 2 weeks post infection, with a peak after 8-12 weeks (4). In parallel (2-4 weeks after infection, sometimes later), antibodies against FIV appear. Viral invasion of brain tissues also start during the acute phase, as early as within the first week following infection by intra-venous challenge (16). Clinical signs (anorexia, lethargy, fever) may develop during this initial phase but are usually mild and disappear rapidly. A change in blood count (neutropenia) and generalized swelling of the peripheral lymph nodes can also be observed. With the reduction of viruses in blood, infected cats become clinically healthy again, although generalized lymphadenopathy may last for weeks up to months (4,17). During this second and longest, asymptomatic or subclinical phase, viral replication is very limited (14). The dormant (latent) form of the virus, the provirus, persists integrated in the host’s DNA and cannot be reached by the immune system. Infected animals can remain healthy for years. Depending on the virus strain it is also possible that the animals never become ill. Nevertheless, typically the body's defense cells (CD4+ T lymphocytes) decrease slowly (typically with an inversion of the CD4+/CD8+ T cell ratio), starting already a few weeks after infection, and this progressive deterioration of T-cell function leads to an increase of viral replication, lymphocytopenia, lymph node atrophy and immunodeficiency. This third and last phase begins with the so-called AIDS-related complex, which may last several months to years and is associated with chronic secondary infections by non-opportunistic pathogens, and finally develops into the terminal AIDS-like phase (Feline acquired immunodeficiency syndrome, FAIDS), which can also last for months and is characterized by a range of disorders, including severe secondary infections caused by opportunistic pathogens. The disease typically ends with a euthanasia (18–20) unless natural death occurs. These disease stages and characteristics have been mainly described under experimental conditions in domestic cats and it is unclear to what extent they are also found under field conditions. Variations probably exist depending on the virus isolates. 
1.3 	Disease signs and lesions
Most disease signs in FIV infected cats are the result of secondary infections or neoplasia due to FIV induced immunodeficiency or of immune stimulation (immune mediated diseases). Typical findings include fever, lethargy, signs of enteritis, stomatitis, dermatitis, conjunctivitis, respiratory tract pathologies, generalized lymphadenopathy (usually atrophy or a mixed pattern), weight loss, and renal disease together with an increased protein content in blood and urine (proteinemia and proteinuria). Leukopenia, anemia or both may be present, especially during the late stages of disease. Furthermore, bacterial, viral, parasitic, and fungal infections (e.g., unusual, or particularly severe parasitic skin diseases such as demodicosis, pediculosis) can occur as well as tumors (4,15,21,22). Neurological disorders, mainly of behavioral nature, have also been reported. Reproductive failure may occur in infected cats when the virus has reached the placenta and fetuses (4,21–23). Immediately after initial infection, FIV quickly disseminates to many anatomical compartments within the host including lymphoid organs, gastrointestinal tract, and brain, whereas brain tropism strongly varies with the FIV strain. Less commonly, FIV has also been identified in lung, liver, kidney and/or salivary glands, as well as the vaginal mucosa (24). At histopathological examination, neuropathies (25), nephropathies (26,27), and alterations of lymphoid organs (7) are typically seen, together with lesions related to secondary infections. Like for AIDS in humans, the broad range of disease signs and post-mortem pathological changes is a result of health impairments secondary to a progressive disruption of the host’s immune functions, which makes it particularly difficult to achieve an etiologic diagnosis. This is further complicated by the fact that internal (e.g., sex and age at the time of first exposure) and external factors (such as environmental stress) can influence the infection course and disease progression (28).
The occurrence of disease signs or lesions doubtlessly associated with FIV infection has not been documented in wildlife, however, this challenge is also encountered with domestic cats (29). FIV infections have been studied in particular in the African lion, the puma, the bobcat, in which documented high seroprevalences and absence of associated health problems are indeed believed to indicate co-evolution of virus and host (1,3,8,13,30,31). Antibodies to FIV and FIV sequences were also found in guignas (Leopardus guigna) from Chile and a Tsushima cat (Felis bengalensis euptilura) from Japan in absence of associated disease (9,11). However, a study comparing FIV-positive and FIV-negative lions demonstrated that FIV-associated clinical and histological alterations known to occur in domestic cats, humans and macaques infected with their respective immunodeficiency viruses, and consistent with immune deficiencies, are more likely to be found in FIV-positive lions (7). To convincingly demonstrate an association between FIV infection and disease signs is particularly challenging because the typical feature of virus-induced immunodeficiencies is the lack of specific signs and lesions (29), with disease and death due to secondary infections, if ever occurring. An assessment is even more difficult in wild felids because experimental trials are not an option in protected species (32).
1.4. Diagnostics
[bookmark: _Hlk71483594]The typical infection dynamics of FIV causes important challenges for diagnostics. Firstly, initial viremia is short and occurs before antibodies are detectable. Secondly, viremia drops below detection level once the antibody response has developed. Lastly, while both viremia and antibodies should be detectable and clinical signs can be expected in the terminal phase, virus reactivation and associated AIDS-like condition do not necessarily occur. In addition, not all FIV subtypes or virus isolates may be detected by specific PCR, and antibodies to some virus subtypes or strains may not be detected by ELISA (4,6). Serology is actually the method of choice for the diagnosis of a FIV infection because of the strong and consistent host antibody response detectable during the entire infection course, but reliable testing requires a Western blot (WB), which is considered the gold standard (6,14). A WB result is judged positive and reliable if two bands with a molecular weight of 15 kDa (capsid protein p15) and 24 kDa (matrix protein p24) are recognizable on the blotting strip (33). Since FIV p24 may cross-react with other antibodies (34), detection of antibodies also to p15 is required to declare an animal seropositive to FIV. However, in the early acute phase, and again in the terminal phase, only p24 may react in the test (Figure 10), suggesting a lack of anti-FIV antibodies early after infection (before seroconversion) or in the terminal disease stage due to immunodeficiency. Alternatively, antibodies may be undetectable in case of high virus load due to sequestration of antibodies in immune complex formation with the virus (4). Therefore, it is recommended to re-test domestic cats showing a p24 band two to three months later (6). 
A PCR negative result in a seropositive animal may be explained by the presence of a FIV subtype not recognised by the PCR, rather than by the absence of FIV infection (4). Very low proviral loads would likely also lead to a negative PCR result.
1.5. Transmission
Feline immunodeficiency virus is mainly excreted in saliva and transmission occurs mostly through bites (territorial fights or mating bites). Transmission from the dam to the kittens during pregnancy and lactation may occur, mostly during the acute phase of FIV infection in the dam. Other routes of infection have hardly been documented under natural conditions (4,15,35–38). Thus, a fresh or healing bite wound can be a sign of a recent FIV exposure and may be present in animals before antibodies and viruses can be detected. Transmission most likely occurs during viremia and is thus expected to be limited to the initial and last phases of infection.
1.6. Prevention
The virus survives only minutes outside the host and is sensitive to all disinfectants including normal soap. In domestic cats, positive animals shall be confined indoors to prevent the infection of other cats (39). There is no vaccine against FIV available in Europe (4).
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