

  animals-10-01464




animals-10-01464







Animals 2020, 10(9), 1464; doi:10.3390/ani10091464




Article



Clinical and Hematological Follow-Up of Long-Term Oral Therapy with Type-I Interferon in Cats Naturally Infected with Feline Leukemia Virus or Feline Immunodeficiency Virus



Esperanza Gomez-Lucia 1,*[image: Orcid], Victorio M. Collado 1, Guadalupe Miró 1, Sonsoles Martín 2, Laura Benítez 3 and Ana Doménech 1[image: Orcid]





1



Department of Animal Health, Veterinary Faculty, Complutense University of Madrid, 28040 Madrid, Spain






2



Department of Animal Medicine and Surgery, Veterinary Faculty, Complutense University of Madrid, 28040 Madrid, Spain






3



Department of Genetics, Physiology and Microbiology, Faculty of Biology, Complutense University of Madrid, José Antonio Novais, 12, 28040 Madrid, Spain









*



Correspondence: duato@ucm.es







Received: 3 July 2020 / Accepted: 18 August 2020 / Published: 20 August 2020



Abstract

:

Simple Summary


The viruses which produce feline leukemia (FeLV) and feline immunodeficiency (FIV) attack cells involved in the immune response. As specific drugs are either nonexistent, produce secondary effects, or are expensive, a therapeutic possibility is using nonspecific immunostimulants, such as human interferon alpha. We used this drug to treat 27 cats infected by FeLV and 31 infected by FIV. All cats were naturally infected and treatment was administered orally by their owners for four months. Participating cats were evaluated in our clinics at mid-treatment (M2), end of treatment (M4), and 4–8 months after the end of treatment (M10). We observed that treatment was well tolerated by the cats (as it did not affect the liver or the kidney functions), and improved most of the parameters analyzed (clinic, anemia, white cell counts, and CD4+/CD8+ ratio) as long as it was administered. However, 4–8 months after it was discontinued, though most animals remained clinically healthy, many of these parameters had rebounded to initial values or values even worse than the initial values. Thus, more studies should be conducted with longer administration of this drug to evaluate tolerability and sustained improvement of diseases produced by these two viruses which may lead to death.




Abstract


Feline leukemia virus (FeLV) and feline immunodeficiency virus (FIV), two of the most important pathogens of cats, produce chronic systemic diseases with progressive death of cells involved in the immune response, ultimately leading to death. Immunostimulants is one of the few alternatives to the symptomatic treatment. In this study, 27 naturally FeLV-infected (FeLV+) and 31 naturally FIV-infected (FIV+) cats were administered orally by their owners 60 IU/day of recombinant human interferon alpha (rHuIFN-α) for four months in alternate weeks. Clinical status was evaluated and blood samples collected at four different visits or months (M): pretreatment (M0), mid-treatment (M2), end of treatment (M4), and 4–8 months after end of treatment (M10). Most cats ostensibly improved their clinical status, and many became asymptomatic. rHuIFN-α treatment improved the anemic processes observed at M0 (at least in cats with mild or moderate anemia) and leukocyte counts, including a more favorable CD4+/CD8+ ratio. An increase in the serum gammaglobulin concentration was seen in 80% of the cats. Despite observing an obvious favorable progress in the clinical, biopathological, and CD4+/CD8+ values during treatment, almost invariably all the parameters analyzed worsened after treatment discontinuation (M10), which suggests that the interferon-α protocol should be either extended or include additional cycles for a long-lasting benefit in FeLV+ and FIV+ cats.
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1. Introduction


Feline leukemia and feline immunodeficiency viruses (FeLV and FIV, respectively) are retroviruses that affect domestic cats. Feline leukemia is a severe disease with several outcomes associated mainly with the immune response of the cat [1,2,3]. Disease outcomes range from “abortive infection” (a strong immune response eliminates the virus at the initial stages of the infection) to “regressive infection” (the virus remains integrated in the haemopoietic stem cells in the bone marrow) and “progressive infection” (when the virus is constantly expressed, associated to persistent viremia and progression of the FeLV infection to related diseases) [4,5]. Usually, FeLV-infected (FeLV+) cats die within 1 to 3 years after the initial diagnosis due to all the pathologies and clinical complications the cats develop [1], mostly produced by secondary infections that may arise because of immunodeficiency, but also to lymphoma and other neoplastic diseases. Infections by FIV progress following several phases similar to human immunodeficiency virus (HIV) infection in humans, leading in some cats to a final stage characterized by a progressive decline of CD4+ T lymphocytes that predisposes to many secondary infections and, eventually, to the death of the cat [1]. Naturally infected cats may remain apparently healthy for many years under adequate housing conditions with appropriate care and food [6], but recovery from FIV infection has never been documented.



As most clinical signs of both infections are associated with immunosuppression and secondary diseases, an approach to therapy is the use of immune modulators, such as interferon (IFN), which increase innate immunity and reduce viral replication and spread to target cells and organs [7]. Due to the antiviral and immunomodulatory effects of IFN-I, interferons have been employed for some time in the treatment of infectious diseases of small animals. Several published studies show its potential usefulness in feline medicine, including viral infections by herpesvirus, papillomavirus, coronavirus, parvovirus, and retroviruses [1,8,9,10,11,12]. As mentioned above, many FeLV- or FIV-infected cats suffer immunosuppression which allows the establishment of concurrent bacterial, viral, protozoal, and fungal infections [1]. The most common ones are Toxoplasma gondii, Cryptococcus neoformans-Cryptococcus gattii complex, Haemobartonella felis, Mycoplasma haemofelis, Mycobacterium spp., feline infectious peritonitis, feline panleukopenia, or feline calicivirus [1,5,13,14], but any other secondary or opportunistic pathogen can benefit from the immunosuppression. The incidence of this concomitant infections varies from region to region and with other factors such as age, outdoor access, etc. [1,15]. Presently, the use of more sensitive techniques allows the detection of subclinical infections which would otherwise pass unnoticed to the clinician [16] and which may be affected by different treatments. This detection is very difficult to apply in the routine practice, and the veterinary clinician is challenged by the need of treating retrovirus-infected cats not knowing if they have any other infection. Hence the interest of doing studies in the normal conditions the practitioner may encounter, in cats in which the moment of infection by FeLV or FIV is unknown and in which it is not possible to determine the multiple concomitant infections they may suffer. In any case, treatment with IFN-I may help the retrovirus-infected cat fight these pathogens.



IFN molecules used for therapy are produced by recombinant technology and include recombinant human IFN-α (rHuIFN-α) and recombinant feline IFN-ω (rFeIFN-ω). rHuIFN-α has the advantages over rFeIFN-ω, which is the only currently European Medicines Agency (EMA) licensed IFN for cats, of being active in different species, non-toxic, low-cost, and easy to administer orally [17]. In addition, it has been described to reduce in vitro the amount of FeLV and FIV infective particles in cell cultures [7].



Different protocols and routes of administration of rHuIFN-α have been evaluated. Neutralizing antibodies against rHuIFN-α are raised when it is administered parentally, ruling out treatment for more than 3–7 weeks [1,18], but not when administered orally for a longer time. Several studies reported the effect of rHuIFN-α, mainly in FeLV-infected cats (reviewed in [9,19]). In general, these studies associate the effect of this cytokine with decreased mortality [17], improvement in the clinical signs, laboratory alterations, CD4+/CD8+ ratio, and viral parameters of FeLV+ cats treated with IFN-α [18,20]. Very few studies describe results of treatment with rHuIFN-α in FIV infection, but they seem to be similar to those reported for FeLV infection, though no significant effects of rHuIFN-α were observed with respect to viral and proviral load [20,21]. The aim of the present study was to analyze the progress of the clinical status, biopathological markers, and CD4+/CD8+ ratio in FeLV- and FIV-naturally infected cats during oral treatment for four months with rHuIFN-α and several months after treatment discontinuation, as it is not known whether changes in these parameters are long-lasting. This study tries to reproduce the genuine conditions when treatment is administered by the cat owners at home and reflects the everyday activity of the veterinary clinician, in which when therapy is initiated, it is generally unknown when the animal became infected or whether there may be a subclinical infection by other pathogen. The results of the study suggest that rHuIFN-α has a very positive impact on the clinical status of the infected cats, as well as on the other parameters analyzed. However, this is not long-lasting and several months after treatment discontinuation several patients recede to the initial stage or worse.




2. Materials and Methods


2.1. Animals and Treatment


Fifty-eight cats were included in the study (27 FeLV+ and 31 FIV+). They lived with their owners, though most of them had been found stray before. Their age ranged between six months and 14 years, 31 were male (22 neutered), and 27 female (17 spayed). They were mostly of mixed breed (commonly known as domestic shorthair). They had been taken by their owners to one of the four participating private veterinary practices or to the Veterinary Clinical Hospital of the Complutense University of Madrid (VCH-UCM), either because they were ill, or for routine check-ups. Many of the cats had been collected recently from the street or adopted from a feline community. For this reason, the vaccination status was unknown in many cases. All cats enrolled tested positive to FeLV or FIV by the serologic Snap Combo Plus (Idexx Laboratories Inc., Westbrook, ME, USA), which detects FeLV p27CA and antibodies against FIV p24CA, and by a nested PCR [22]. They were all naturally infected and the exact moment of the infection was unknown. Presumably, they were in different stages of the disease, as asymptomatic cats and others with severe or mild disease were included in the study. Pregnant queens, aggressive cats, with neoplasia, in the terminal stages of the disease (complete lack of appetite and prostration and generalized lymphadenopathy), with other concomitant severe diseases or which had been diagnosed with feline infectious peritonitis, feline coronavirosis, feline herpesvirosis, or parasites were excluded from the study.



Owners signed an informed consent form for their cat to be included in the study, and agreed to administer the treatment completely and not to treat the cat with any other immunomodulator, but otherwise to care normally for the animal. Recombinant human IFN-α(2a) (rHuIFN-α, Roferon-A, Roche Diagnostics) was used, diluting the commercial vial with sterile saline solution to 60 IU/mL/dose, and storing the doses at 4 °C until use. The protocol proposed by Pedretti et al. [21] with slight modifications was followed. Owners were trained on how to administer treatment at home, consisting of one daily dose administered orally with food or directly in the mouth, in alternate weeks during four months, to a total of 56 doses. Owners were responsible for administering all doses, and for following the instructions precisely.



Animal handling, treatment, reagent manipulation, and data collection were all carried out in compliance with guidelines for Good Clinical Practice, and Good Laboratory Practice of the Animal Welfare Committee of the Veterinary Clinical Hospital and the Complutense University, and the experimental procedures were approved by the Institutional Animal Care and Use Committee of the Complutense University [20].




2.2. Clinical Evaluation and Blood Sampling


Owners were requested to take the cat to one of the four private veterinary clinics or to the HCV-UCM at four different moments or visits: M0, at the beginning of the treatment; M2, in mid treatment or month 2 (±15 days); M4, at the end of the treatment or month 4 (±15 days); M10, six months after finishing the treatment (±2 months). At each visit, the veterinarian in charge sampled the cat and rated in a report chart the 17 clinical signs most frequently observed in feline retrovirosis according to literature and to the experience of the participating practitioners to obtain a clinical score (CS) [4]. Clinical signs included could be rated as 0 (not present), 1 (mild), or 2 (severe). According to this CS at M0, cats were classified into three clinical groups (CG): CG1, with no clinical signs (asymptomatic); CG2, with a CS ≤ 5 (mild disease); and CG3, with a CS ≥ 6 (severe disease). Veterinarians had been instructed to report specifically if any cat had acquired any concomitant disease mentioned above.



Stressed cats were tranquilized with medetomidine (Domitor®, Pfizer Salud Animal SA, Madrid, Spain) for better management and to avoid the development of stress leukogram. Blood (2 mL) was collected from the cephalic or jugular veins and distributed into a tube with EDTA and another with heparin-lithium and sent immediately to the Department of Animal Health of the Veterinary Faculty of Madrid.




2.3. Biopathological Analyses and Determination of Anti-IFN-α Antibodies


The hemogram was determined automatically (Sysmex F-800 Microcellcounter, Sysmex Corp., Kobe, Japan) from EDTA anticoagulated blood. Differential leucocyte counts were determined manually as described previously [4]. Plasma urea, creatinine, and alanine aminotransferase (ALT) were determined with Reflotron (Boehringer-Mannheim, Mannheim, Germany) and total proteins by a refractometer (Atago T2, Co, Ltd. Tokyo, Japan). The electrophoretogram was performed as described previously [23]. The reference values used for normality were enumerated previously [4] and are also shown in Tables S2 and S3 in the Supplementary Files. A commercial ELISA test (Bender MedSystemsTM, Vienna, Austria) was used to detect the development of anti-IFN-α antibodies in serum during treatment.




2.4. Evaluation of the CD4+/CD8+ Ratio


The method described by Collado et al. [4] was followed to determine the CD4+/CD8+ ratio in the EDTA-anticoagulated blood using monoclonal antibodies against feline CD4 and CD8 labeled with fluorescein and rodamin (Southern Biotechnology Associates Inc., Birmingham, AL, USA), respectively. Samples were analyzed in a flow cytometer (Becton Dickinson FAC-Scan, Becton Dickinson Biosciences, San Jose, CA, USA) in the Research Support Centre (CAI) of the UCM. The ratio was considered decreased when it was <0.9.




2.5. Statistical Analysis


The results obtained were analyzed in the Data Processing Center of the UCM using Origin Pro 7.5, SPSS 25.0 (IBM Corp. Released 2017. IBM SPSS Statistics for Windows, Version 25.0., Armonk, NY, USA) and Statgraphics Centurion XVIII (Statgraphics Technologies, The Plains, VA, USA, www.statgraphics.com). Multiple variable analyses were done. Results were compared using cross-tabulation, contingency coefficient, Fishers exact test, Chi-square, and Student’s t-test, with a significance of 0.95. Correlations ≥0.7 were considered high, and moderate when they were 0.4–0.7. All data were cross-tabulated. Only significant differences are mentioned in the text. However, when the number of cats in the groups to compare was not large enough to reach a statistically significant conclusion at 0.95, a significance of <0.8 was established to compare those data.



Data collected at each visit (M2, M4, and M10) were compared to the situation just before treatment was initiated (M0). Due to different circumstances, some owners did not take their cat to all visits. Thus, the statistical analysis of each visit has been performed with those that were taken and not with the whole study population.





3. Results


3.1. Epidemiological Data and Clinical Evolution of Cats Treated with rHuIFN-α


Within the FeLV+ cats there were more female (59.3%) than male cats (40.7%), while in the FIV+ cats more male (64.5%) than female cats (35.5%) were enrolled in the study (Table 1). The percentage of neutered or spayed cats infected by each virus was similar (~2/3). Most of the cats (87.9%) were common shorthair (known also as mixed breed). The study included naturally infected cats with different clinical status, possibly reflecting diverse stages of the disease. The clinical signs observed more frequently when cats were introduced in the study (M0) were loss of appetite, asthenia and prostration, altered mucosae, membranes, oral lesions, respiratory disorders, and lymphadenomegaly. However, approximately one-third of the cats were asymptomatic (Table 1). The laboratory findings and viral parameters in this group of cats at M0 is published elsewhere [4,20,23].



Though owners had been instructed to bring their cat to all three visits, for different reasons several failed in this obligation and some data were missing. Most owners took their cats while treatment lasted (high fidelity during M2 and M4), but only 44.4% of the FeLV+ and 77.4% of the FIV+ cats were taken to M10 (Supplementary Table S1). Only cats which had been brought to at least two of the three visits were included in the study.



Three cats died during the treatment period (2 FeLV+ and 1 FIV+ cats). All these three cats had a CS ≥ 6 at M0 (CG3). The two FeLV+ cats died between M2 and M4; the FIV+ cat died between M4 and M10, after having improved the CS between M0 and M4. Most cats (15 of the 16 FeLV+ sick cats; 20 of the 22 FIV+ sick cats) improved clinically when compared to M0 (Table 2; Table S1; Figure 1). None of the CG1 cats showed any clinical signs at any of the visits (enlisted under “stable evolution” in Table 2).



The clinical improvement encompassed all clinical signs initially observed. However, lymphadenomegaly and digestive disorders in FeLV+ cats were the most persistent signs and were still present in 8.3% of these cats at M10. In one FIV+ cat, the clinical condition was worse at M10 than at M4 (Table 3). No statistical differences were observed in clinical evolution with respect to the CG, sex or age.




3.2. Hemogram


Even CG1 (asymptomatic) cats had abnormalities in the hemogram. While treatment lasted there was a general improvement of the three hematological values studied, especially in packed cell volume (PCV) and hemoglobin concentration (Hgb), which had a parallel evolution, somewhat independent from the red blood cell counts (RBC). The data of all the analysis of each individual cat are shown in Supplementary Tables S2 and S3.



The percentage of cats with altered hemogram decreased with treatment in both infections (Figure 2A). In FeLV+ cats the highest recovery was observed at the end of interferon treatment (M4), when the hemogram values were considered normal in most cats. However, the percentage of anemic cats increased when treatment was discontinued, following a “rebound pattern”. On the contrary, there was a constant decrease of the percentage of anemic FIV+ cats, and the lowest percentage was observed at M10. Differences in hemogram values between FIV and FeLV infections were significant at M10 (p < 0.05), but otherwise differences between sex, age, or clinical groups were not statistically significant. Four FeLV+ and six FIV+ cats with normal hemogram at M0 developed hemogram alterations during the study. With respect to the cats with abnormal hemogram values at M0, these values were normal at M10 in all but one FeLV+ and one FIV+ cats.




3.3. Leukogram


As both FeLV and FIV have been recognized as able to infect leukocytes, it is important to determine how the different populations of white blood cell (WBC) progress. Abnormalities in the absolute neutrophil and/or lymphocyte counts were detected at M0 in 45.2% of the FeLV+ and 55.3% of the FIV+ cats, when compared to the reference ranges used in the laboratory. Neutropenia was the most frequent alteration (35.5% in FeLV+ and 31.6% in FIV+ cats), and, in general, in both infections there was a higher percentage of low cell counts (cytopenias) than high cell counts (cytophilias). A high percentage (40.0%) of the FeLV+ cats with altered WBC counts had both the neutrophil and lymphocyte counts altered.



The percentage of cytopenic FeLV+ cats decreased during treatment. At M4, the percentage of FeLV+ cats with leukopenia was 9.5%, and with lymphopenia 4.8%. However, at M10 the “rebound pattern” mentioned above was observed for both values. By contrast, neutropenia was not detected to “rebound”, as only 8.3% of the FeLV+ cats were seen to have this condition at M10, compared to ~20% at M2 and M4 (Figure 2B). Neutrophilia developed in several cats at M2, and as a result, leukocytosis was present. Both leukocytosis and neutrophilia were low at the end of treatment (M4), but became high again when treatment was discontinued.



The leukogram in FIV+ cats treated with rHuIFN-α was characterized by the decrease of the percentage of cytopenic cats. However, the percentage of neutropenic cats increased at M10 (Figure 2B). Contrarily to FeLV+ cats, at M0 a few FIV+ cats had leukocytosis and/or neutrophilia, but the percentage of cats with neutrophilia was decreased at M2, though the percentage of both neutrophilia and lymphocytosis was increased at M4.



Blood smears did not evidence any signs of neoplasia that could be related to neutrophilia or lymphocytosis in any of the cats. Approximately half of the cats with neutrophilia (47.1% of FeLV+ and 50.0% FIV+ cats) had clinical signs possibly associated to secondary infections, such as lymphadenomegalia, conjunctivitis, oral or skin lesions, or respiratory disease.



No statistically significant differences were observed in the evolution of the biochemical profile with respect to sex, age, or clinical group.




3.4. Biochemical Profile


Biochemical parameters analyzed in plasma (urea, creatinine, ALT) were not greatly affected by retroviral infection in most infected cats. Only three FeLV+ cats had high ALT levels during the study (at M2 and M10). A higher percentage of cats (13–24%) had altered urea levels during the different visits. With respect to creatinine, the number of cats which had this parameter altered increased during treatment, especially in FeLV+ cats, none of which had azotemia at M0, but decreased after treatment discontinuation (Figure 2C). No statistically significant differences were observed in the evolution of the biochemical profile with respect to sex, age, or clinical group.




3.5. Electrophoretogram


Hypergammaglobulinemia was a common finding in both infections. At M0, 40.7% of FeLV+ cats and 80.6% of FIV+ cats had this condition (Figure 2D). Hypergammaglobulinemia influenced the concentration of total proteins and the ratio albumin/globulin (A/G). In FeLV infection, ~80% of the FeLV+ cats with normal serum gammaglobulin concentration at M0 developed hypergammaglobulinemia during treatment. The highest increase in serum gammaglobulins and total proteins in FeLV+ cats was observed at M2, and these alterations continued mostly throughout the study.



With respect to FIV+ cats, the percentage of cats with hypergammaglobulinemia increased during treatment, and 100% of FIV+ cats were hypergammaglobulinemic at M2 and M4. The percentages of FIV+ cats with hyperproteinemia, hypergammaglobulinemia, and dysproteinemia (altered A/G ratio) at M10 were similar or lower than those registered at M0 before starting treatment (37.5%, 77.3%, and 34.8%, respectively) (Figure 2D). Only three FeLV+ and three FIV+ cats were able to return to normal gammagloblin serum concentration during the study.



In both infections, high urea and/or creatinine concentrations always coincided with high gammaglobulinemia concentration. However, hypergammaglobulinemia was not always parallel to high urea and/or creatinine concentrations. In FeLV+ cats, the decrease in gammaglobulins and plasma urea was associated (p < 0.05).




3.6. Evolution of the CD4+/CD8+ Ratio


In both infections, the average value of the CD4+/CD8+ ratio increased with interferon treatment (Table 4). In FeLV+ cats, the highest average value was registered at M10, while in FIV+ cats it was at M4. The percentage of cats with subnormal CD4+/CD8+ ratio (<0.9) also decreased throughout treatment with interferon (Table 4). In FIV+ cats, the highest increase in the ratio was observed at M2, but treatment discontinuation involved lower values of the CD4+/CD8+ ratio in FIV+ cats.




3.7. Detection of Antibodies Anti-Interferon α by ELISA


Regardless of the human origin of the treatment, antibodies anti IFN-α were never detected in any of the cats treated orally with rHuIFN-α by the ELISA used.





4. Discussion


Feline leukemia and feline immunodeficiency are chronic systemic diseases, for which there is no specific treatment, and immunotherapy is a way to control the progress of both infections. Initially, rHuIFN-α began to be used in cats infected with FeLV or FIV [17] after the good results obtained in the treatment of HIV infection [24] and by the absence of a similar molecule of feline origin. When rFeIFN-ω became available, it largely displaced the application in veterinary medicine of rHuIFN-α. However, rHuIFN-α has as advantages over rFeIFN-ω that the oral administration of rHuIFN-α facilitates the continuity of treatment as it can be done by the owner; and the low concentrations of rHuIFN-α required reduce significantly the cost of treatment of these chronic diseases. However, there are few studies on the effect of rHuIFN-α treatment on FeLV or FIV infected cats in a real situation, as most studies are conducted on experimentally infected cats and in controlled environments. Therefore, it can be difficult to ensure the result that is expected to be obtained when applying the treatment under conditions of natural infection, without knowing the current situation of the cat infection and if the owner will follow exactly the protocol at home.



In this study, we followed-up the disease in each cat by comparison to M0, before the start of the treatment. This approach has been followed by other researchers when studying naturally infected cats [20,25,26,27,28], who have suggested that values at M0 are potentially more representative than a placebo in studies in field conditions with animals in unknown and probably different stages of infection. In addition, a placebo-treated or non-treated group of cats would have been ethically controversial, as owners demand a therapeutic option for their cats.



Our results show that FIV+ and FeLV+ cats treated with rHuIFN-α improved greatly their clinical status as well as many of the biopathological parameters studied, similar to that described previously with rFeIFN-ω [10,25,28,29]. The improved clinical situation of the vast majority of cats was maintained over time in the absence of treatment. No cat with asymptomatic disease at M0 (CG1) developed clinical signs during treatment; this may indicate that rHuIFN-α is also valuable in delaying or avoiding disease in infected cats.



The hemogram is one of the most important factors to determine the clinical situation of a sick cat and is used to predict the evolution of the infection in FeLV+ cats [10,30]. An improvement of the hemogram was observed in FeLV+ or FIV+ cats treated with rHuIFN-α. This agrees with that described by other authors for cats treated with rHuIFN-α [21] or with rFeIFN-ω [10,28], but not with others [25,29,31,32,33]. Disagreement may be due to variable FeLV virulence or initial severity of anemia in treated cats. Decreased replication of FeLV in erythrocyte precursors and stroma cells may account for the improvement of the hemogram in FeLV+ cats treated with rHuIFN-α. In our study, the response and progress of the hemogram was different in FeLV+ and FIV+ cats. In FeLV+ cats we observed what we termed “rebound pattern”, as most hematological results were worse at M10 than at M4. Contrarily, most FIV+ cats improved their hematological parameters at M10. We also observed the “rebound pattern” in the viral follow-up in these same cats, especially in FeLV+ cats [20], suggesting that rHuIFN-α only controls the effects produced by the virus as long as it is administered.



The percentage of FeLV+ or FIV+ cats with cytopenias decreased transiently at M2 and M4 of treatment with rHuIFN-α, when compared to M0. This agrees with results of cats treated with rFeIFN-ω [28,29] but had not been reported previously in rHuIFN-α-treated cats. It may mean that rHuIFN-α stimulates the regeneration of white blood cells, as a result from either decreasing the rate of replication of the viruses, or stimulating the proliferation of lymphocytes. In any case, an improved leukogram would mean a better immune response and, consequently, an improvement of the clinical situation. The “rebound pattern” after treatment discontinuation was observed in both FeLV and FIV infections, which had also been described by Pedretti et al. [21].



Our results show that treatment with rHuIFN-α at the concentration, length of time and route of administration used did not affect the liver function in most cats, similar to results by other authors [25,31,32,34]. As respects the renal parameters, all cats which developed high urea and/or creatinine values had hypergammaglobulinemia. In our study, most treated cats developed hypergammaglobulinemia which may result from an increased polyclonal activation of B cells [35,36] in response to the immune stimulation by IFN-α. However, in FeLV+ and FIV+ cats the progress of the hypergammaglobulinemia was different, which suggests a different mechanism in both infections. FeLV+ cats responded very fast to treatment, as almost 80% of them had become hypergammaglobulinemic at M2, a percentage that remained stable even at M10, twice as high as in M0. The average concentration of gammaglobulins in FIV+ cats was higher than the corresponding one in FeLV+ cats at all time points, and hypergammaglobulinemia has been observed to be one of the characteristics of FIV infection [23]. In FIV+ cats, the highest percentage of hypergammaglobulinemia was seen at M4 and decreased at M10.



FIV-infected cats usually have a decreased CD4+/CD8+ ratio [5]. Our results of M0 support this observation and associate the ratio to the clinical situation [4]. In both infections, the CD4+/CD8+ ratio and the percentage of cats with normal ratio increased when they were treated with rHuIFN-α, contrarily to studies by others [21,37]. In FeLV+ cats, the positive effect of rHuIFN-α was more evident than in FIV+ cats, and lasted throughout the study, unaffected by the “rebound pattern” mentioned above. In FIV+ cats, the ratio increased faster but also decreased as soon as treatment ended, though at M10 the values were still ≥0.9 (normal) in 65% of the animals (vs. 30.8% at M0). According to our results [28], rHuIFN-α is more effective than rFeIFN-ω in improving the CD4+/CD8+ ratio.



The results shown here follow a similar trend to those of the viral parameters, including antigenemia (p27) and RT activity and proviral load in FeLV+ cats [20], in the sense that most of these values that were seen to improve during treatment rebounded into unfavorable values after treatment was discontinued. This may mean that the worsening of the viral condition in FeLV-infected cats may imply a deterioration in the biopathological parameters with little consequences on the clinical status of the cat. However, rHuIFN-α did not affect viral parameters of FIV+ cats.



One of the limitations of the present study is that concomitant diseases were not thoroughly diagnosed in the animals included. In the selection and follow-up of the subjects of our study we relied on the expertise of the collaborating veterinary practitioners, some of them with over 30 years of experience, who presumably would have detected accompanying illnesses, and act in consequence. However, according to a study with blood donors [16], even asymptomatic cats may be infected by any of the innumerable pathogens of cats, which may have gone undetected in our study. As in the literature reviewed, IFN-α had been studied only for treating herpesvirus [38], enteroviruses [10], parvovirus [11], and coronavirus [12] in cats, it is unclear whether if coinfection had occurred how would it have progressed. However, the mechanism of action of this cytokine is quite nonspecific and may have improved the clinical outcomes in other infections (for a review on the mechanism of action see in [8]). Regardless of the limitation of the potential concomitant diseases, the study presented here has the value of representing the reality faced by the clinician when treating FeLV- or FIV-infected patients, as most frequently these cats are not tested for other pathogens, unless they present a clinical disease compatible with other infections.




5. Conclusions


When used in FeLV or FIV naturally infected cats, rHuIFN-α may improve the clinical status; increase the RBC counts; decrease the anemia; increase the neutrophil and lymphocyte counts, improving the immune response against the virus and secondary infections; and improve the CD4+/CD8+ ratio.



The reversion of several of the factors studied to initial values after treatment was withdrawn suggests that treatment with rHuIFN-α was not as long as necessary or may require repeated cycles to consolidate the improvement.



The clinical, biopathological, and CD4+/CD8+ ratio, along with the viral follow-up described previously [20], suggest that rHuIFN-α administered orally by the cat owner is an interesting option for treating FeLV- or FIV-infected cats.








Supplementary Materials


The following are available online at https://www.mdpi.com/2076-2615/10/9/1464/s1, Table S1: Follow-up of the clinical score (CS) of each individual cat infected either by FeLV or by FIV belonging to each clinical group (CG1, GG2 and CG3) at each moment of treatment with rHu-IFN. Table S2. Individual results of the FeLV-infected cats analyzed in the study. Table S3. Individual results of the FIV-infected cats analyzed in the study.





Author Contributions


Conceptualization, E.G.-L., A.D. and G.M.; methodology, V.M.C. and S.M.; software, V.M.C. and E.G.-L.; formal analysis, V.M.C., E.G.-L., A.D., S.M. and L.B.; investigation, V.M.C. and G.M.; resources, G.M.; supervision, E.G.-L., G.M. and A.D.; writing—original draft preparation, E.G.-L. and V.M.C.; writing—review and editing, A.D., G.M., S.M., L.B., E.G.-L. and V.M.C.; project administration, A.D.; funding acquisition, G.M., A.D. and E.G.-L. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by AGL2005- 05248/GAN, UCM 920620-2008.




Acknowledgments


The authors are grateful for the support of the veterinary practitioners who collaborated in the study and to David A. Bruhn for his editing assistance.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Hartmann, K. Clinical aspects of feline retroviruses: A review. Viruses 2012, 4, 2684–2710. [Google Scholar] [CrossRef] [PubMed]

	



Hofmann-Lehmann, R.; Cattori, V.; Tandon, R.; Boretti, F.S.; Meli, M.L.; Riond, B.; Pepin, A.C.; Willi, B.; Ossent, P.; Lutz, H. Vaccination against the feline leukaemia virus: Outcome and response categories and long-term follow-up. Vaccine 2007, 25, 5531–5539. [Google Scholar] [CrossRef] [PubMed]

	



Little, S.; Levy, J.; Hartmann, K.; Hofmann-Lehmann, R.; Hosie, M.; Olah, G.; Denis, K.S. 2020 AAFP Feline Retrovirus Testing and Management Guidelines. J. Feline Med. Surg. 2020, 22, 5–30. [Google Scholar] [CrossRef] [PubMed]

	



Collado, V.M.; Domenech, A.; Miró, G.; Martin, S.; Escolar, E.; Gomez-Lucia, E. Epidemiological aspects and clinicopathological findings in cats naturally infected with feline leukemia virus (FeLV) and/or feline immunodeficiency virus (FIV). Open J. Vet. Med. 2012, 2, 13–20. [Google Scholar] [CrossRef]

	



Dunham, S.P.; Graham, E. Retroviral infections of small animals. Vet. Clin. North Am. Small Anim. Pract. 2008, 38, 879–901. [Google Scholar] [CrossRef]

	



Bęczkowski, P.M.; Litster, A.; Lin, T.L.; Mellor, D.J.; Willett, B.J.; Hosie, M.J. Contrasting clinical outcomes in two cohorts of cats naturally infected with feline immunodeficiency virus (FIV). Vet. Microbiol. 2015, 176, 50–60. [Google Scholar] [CrossRef]

	



Collado, V.M.; Gómez-Lucía, E.; Tejerizo, G.; Miró, G.; Escolar, E.; Martín, S.; Doménech, A. Effect of type I interferons on the expression of feline leukaemia virus. Vet. Microbiol. 2007, 123, 180–186. [Google Scholar] [CrossRef]

	



Gómez-Lucía, E.; Collado, V.M.; Miró, G.; Doménech, A. Effect of type-I interferon on retroviruses. Viruses 2009, 1, 545–573. [Google Scholar] [CrossRef]

	



Hartmann, K. Efficacy of antiviral chemotherapy for retrovirus-infected cats: What does the current literature tell us? J. Feline Med. Surg. 2015, 17, 925–939. [Google Scholar] [CrossRef]

	



de Mari, K.; Maynard, L.; Sanquer, A.; Lebreux, B.; Eun, H.-M. Therapeutic effects of recombinant feline interferon-omega on feline leukemia virus (FeLV)-infected and FeLV/feline immunodeficiency virus (FIV)-coinfected symptomatic cats. J. Vet. Intern. Med. 2004, 18, 477–482. [Google Scholar] [CrossRef]

	



Paltrinieri, S.; Crippa, A.; Comerio, T.; Angioletti, A.; Roccabianca, P. Evaluation of inflammation and immunity in cats with spontaneous parvovirus infection: Consequences of recombinant feline interferon-omega administration. Vet. Immunol. Immunopathol. 2007, 118, 68–74. [Google Scholar] [CrossRef] [PubMed]

	



Ishida, T.; Shibanai, A.; Tanaka, S.; Uchida, K.; Mochizuki, M. Use of recombinant feline interferon and glucocorticoid in the treatment of feline infectious peritonitis. J. Feline Med. Surg. 2004, 6, 107–109. [Google Scholar] [CrossRef] [PubMed]

	



Doménech, A.; Gómez, N.; Gomez-Lucia, E. Capítulo 44. Inmunodeficiencia felina. In Enfermedades Infecciosas de los Caninos y los Felinos; Editorial Intermédica: Buenos Aires, Argentina, 2011; pp. 353–365. ISBN 978-950-555-360-0300. [Google Scholar]

	



Doménech, A.; Gómez, N.; Gomez-Lucia, E. Capítulo 45. Leucemia felina. In Enfermedades Infecciosas de los Caninos y los Felinos; Editorial Intermédica: Buenos Aires, Argentina, 2011; pp. 367–378. ISBN 978-950-555-360-0300. [Google Scholar]

	



Burling, A.N.; Levy, J.K.; Scott, H.M.; Crandall, M.M.; Tucker, S.J.; Wood, E.G.; Foster, J.D. Seroprevalences of feline leukemia virus and feline immunodeficiency virus infection in cats in the United States and Canada and risk factors for seropositivity. J. Am. Vet. Med. Assoc. 2017, 251, 187–194. [Google Scholar] [CrossRef] [PubMed]

	



Marenzoni, M.L.; Lauzi, S.; Miglio, A.; Coletti, M.; Arbia, A.; Paltrinieri, S.; Antognoni, M.T. Comparison of three blood transfusion guidelines applied to 31 feline donors to minimise the risk of transfusion-transmissible infections. J. Feline Med. Surg. 2017. [Google Scholar] [CrossRef]

	



Cummins, J.M.; Tompkins, M.B.; Olsen, R.G.; Tompkins, W.A.; Lewis, M.G. Oral use of human alpha interferon in cats. J. Biol. Res. Mod. 1988, 7, 513–523. [Google Scholar]

	



Zeidner, N.S.; Rose, L.M.; Mathiason-DuBard, C.K.; Myles, M.H.; Hill, D.L.; Mullins, J.I.; Hoover, E.A. Zidovudine in combination with alpha interferon and interleukin-2 as prophylactic therapy for FeLV-induced immunodeficiency syndrome (FeLV-FAIDS). J. Acquir. Immune Defic. Syndr. 1990, 3, 787–796. [Google Scholar]

	



Li, S.-F.; Zhao, F.-R.; Shao, J.-J.; Xie, Y.-L.; Chang, H.-Y.; Zhang, Y.-G. Interferon-omega: Current status in clinical applications. Int. Immunopharmacol. 2017, 52, 253–260. [Google Scholar] [CrossRef]

	



Gomez-Lucia, E.; Collado, V.M.; Miró, G.; Martín, S.; Benítez, L.; Doménech, A. Follow-uuuuuup of viral parameters in FeLV- or FIV-naturally infected cats treated orally with low doses of human interferon alpha. Viruses 2019, 11. [Google Scholar] [CrossRef]

	



Pedretti, E.; Passeri, B.; Amadori, M.; Isola, P.; Di Pede, P.; Telera, A.; Vescovini, R.; Quintavalla, F.; Pistello, M. Low-dose interferon-alpha treatment for feline immunodeficiency virus infection. Vet. Immunol. Immunopathol. 2006, 109, 245–254. [Google Scholar] [CrossRef]

	



Arjona, A.; Escolar, E.; Soto, I.; Barquero, N.; Martin, D.; Gomez-Lucia, E. Seroepidemiological survey of infection by feline leukemia virus and immunodeficiency virus in Madrid and correlation with some clinical aspects. J. Clin. Microbiol. 2000, 38, 3448–3449. [Google Scholar] [CrossRef]

	



Miró, G.; Doménech, A.; Escolar, E.; Collado, V.M.; Tejerizo, G.; De Las Heras, A.; Gómez-Lucía, E. Plasma electrophoretogram in feline immunodeficiency virus (FIV) and/or feline leukaemia virus (FeLV) infections. J. Vet. Med. A Physiol. Pathol. Clin. Med. 2007, 54, 203–209. [Google Scholar] [CrossRef] [PubMed]

	



Vogt, M.; Hirsch, M.S. Prospects for the prevention and therapy of infections with the Human Immunodeficiency Virus. Clin. Infect. Dis. 1986, 8, 991–1000. [Google Scholar] [CrossRef]

	



Gil, S.; Leal, R.O.; Duarte, A.; McGahie, D.; Sepúlveda, N.; Siborro, I.; Cravo, J.; Cartaxeiro, C.; Tavares, L.M. Relevance of feline interferon omega for clinical improvement and reduction of concurrent viral excretion in retrovirus infected cats from a rescue shelter. Res. Vet. Sci. 2013, 94, 753–763. [Google Scholar] [CrossRef]

	



Leal, R.O.; Gil, S.; Sepúlveda, N.; McGahie, D.; Duarte, A.; Niza, M.M.R.E.; Tavares, L. Monitoring acute phase proteins in retrovirus infected cats undergoing feline interferon-ω therapy. J. Small Anim. Pract. 2014, 55, 39–45. [Google Scholar] [CrossRef] [PubMed]

	



Leal, R.O.; Gil, S.; Duarte, A.; McGahie, D.; Sepúlveda, N.; Niza, M.M.R.E.; Tavares, L. Evaluation of viremia, proviral load and cytokine profile in naturally feline immunodeficiency virus infected cats treated with two different protocols of recombinant feline interferon omega. Res. Vet. Sci. 2015, 99, 87–95. [Google Scholar] [CrossRef] [PubMed]

	



Doménech, A.; Miró, G.; Collado, V.M.; Ballesteros, N.; Sanjosé, L.; Escolar, E.; Martin, S.; Gomez-Lucia, E. Use of recombinant interferon omega in feline retrovirosis: From theory to practice. Vet. Immunol. Immunopathol. 2011, 143, 301–306. [Google Scholar] [CrossRef] [PubMed]

	



Gil, S.; Leal, R.O.; McGahie, D.; Sepúlveda, N.; Duarte, A.; Niza, M.M.R.E.; Tavares, L. Oral Recombinant Feline Interferon-Omega as an alternative immune modulation therapy in FIV positive cats: Clinical and laboratory evaluation. Res. Vet. Sci. 2014, 96, 79–85. [Google Scholar] [CrossRef] [PubMed]

	



Spada, E.; Perego, R.; Sgamma, E.A.; Proverbio, D. Survival time and effect of selected predictor variables on survival in owned pet cats seropositive for feline immunodeficiency and leukemia virus attending a referral clinic in northern Italy. Prev. Vet. Med. 2018, 150, 38–46. [Google Scholar] [CrossRef]

	



Kociba, G.J.; Garg, R.C.; Khan, K.N.M.; Reiter, J.A.; Chatfield, R.C. Effects of orally administered interferon-α on the pathogenesis of feline leukaemia virus-induced erythroid aplasia. Comp. Haematol. Int. 1995, 5, 79–83. [Google Scholar] [CrossRef]

	



Kölbl, S.; Skolek, R.; Hirt, R.; Seiser, M.; Thalhammer, J. Effects of long term low dose interferon α in cats persistently infected with FeLV. Kleintierpraxis 2000, 45, 497–510. [Google Scholar]

	



McCaw, D.L.; Boon, G.D.; Jergens, A.E.; Kern, M.R.; Bowles, M.H.; Johnson, J.C. Immunomodulation therapy for feline leukemia virus infection. J. Am. Anim. Hosp. Assoc. 2001, 37, 356–363. [Google Scholar] [CrossRef] [PubMed]

	



Hofmann-Lehmann, R.; Holznagel, E.; Ossent, P.; Lutz, H. Parameters of disease progression in long-term experimental feline retrovirus (feline immunodeficiency virus and feline leukemia virus) infections: Hematology, clinical chemistry, and lymphocyte subsets. Clin. Diagn. Lab. Immunol. 1997, 4, 33–42. [Google Scholar] [CrossRef] [PubMed]

	



Flynn, J.N.; Cannon, C.A.; Lawrence, C.E.; Jarrett, O. Polyclonal B-cell activation in cats infected with feline immunodeficiency virus. Immunology 1994, 81, 626–630. [Google Scholar] [PubMed]

	



Gleich, S.; Hartmann, K. Hematology and serum biochemistry of feline immunodeficiency virus-infected and feline leukemia virus-infected cats. J. Vet. Intern. Med. 2009, 23, 552–558. [Google Scholar] [CrossRef] [PubMed]

	



Riondato, F.; Gianella, P.; Guglielmino, R.; Cagnasso, A.; Bo, S. Effects of interferon alpha (INF-alpha) therapy on peripheral blood lymphocyte subsets from FIV and FeLV naturally infected cats. Vet. Res. Commun. 2003, 27 (Suppl. 1), 429–432. [Google Scholar] [CrossRef]

	



Thomasy, S.M.; Maggs, D.J. A review of antiviral drugs and other compounds with activity against feline herpesvirus type 1. Vet. Ophthalmol. 2016, 19 (Suppl. 1), 119–130. [Google Scholar] [CrossRef]








[image: Animals 10 01464 g001 550] 





Figure 1. Evolution of the clinical score (CS) of the cats during the study. (A) General representation of the evolution. Each circle represents a cat analyzed, and each square a dead cat. (B) General trend of the average CS of the three clinical groups (CG) in which the cats were classified. Bars indicate standard error. M0, beginning of treatment; M2, two months (±15 days) after beginning of treatment (mid-treatment); M4, four months (±15 days) after beginning of treatment (end of treatment); M10, 10 months (±2 months) after beginning of treatment. CG1, asymptomatic cats; CG2, cats with mild disease; CG3, cats with severe disease. 
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Figure 2. Percentage of FeLV+ and FIV+ cats treated with rHuIFN-α with altered hemogram (A), leukogram (B), biochemical profile (C), and electrophoretogram (D), at each time point of the study (M0, M2, M4, and M10). Htc, hematocrit; Hgb, hemoglobin concentration; RBC, red blood cells count. Le↓, leukopenia. Le↑, leukocytosis. Ne↓, neutropenia. Ne↑, neutrophilia. Ly↓, lymphopenia. Ly↑, lymphocytosis. Creat., creatinine. Prot., hyperproteinemia. Alb., hypoalbuminemia. α-glob, hyperalfaglobulinemia. γ-glob, hypergammaglobulinemia. A/G, disproteinemia or decreased albumin/globulin ratio. M0, beginning of treatment. M2, two months (±15 days) after beginning of treatment (mid-treatment). M4, four months (±15 days) after beginning of treatment (end of treatment). M10, 10 months (±2 months) after beginning of treatment. 






Figure 2. Percentage of FeLV+ and FIV+ cats treated with rHuIFN-α with altered hemogram (A), leukogram (B), biochemical profile (C), and electrophoretogram (D), at each time point of the study (M0, M2, M4, and M10). Htc, hematocrit; Hgb, hemoglobin concentration; RBC, red blood cells count. Le↓, leukopenia. Le↑, leukocytosis. Ne↓, neutropenia. Ne↑, neutrophilia. Ly↓, lymphopenia. Ly↑, lymphocytosis. Creat., creatinine. Prot., hyperproteinemia. Alb., hypoalbuminemia. α-glob, hyperalfaglobulinemia. γ-glob, hypergammaglobulinemia. A/G, disproteinemia or decreased albumin/globulin ratio. M0, beginning of treatment. M2, two months (±15 days) after beginning of treatment (mid-treatment). M4, four months (±15 days) after beginning of treatment (end of treatment). M10, 10 months (±2 months) after beginning of treatment.



[image: Animals 10 01464 g002]







[image: Table] 





Table 1. Epidemiological data of the cats enrolled in the study and distribution of the clinical groups (CG). CS, clinical score.
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	FeLV+ (n = 27)
	FIV+ (n = 31)





	Age in years: mean (range)
	1.9 (0.3–6)
	4.8 (0.6–14)



	Sex: males/females
	11/16
	20/11



	Neutered: yes/no
	18/9
	21/10



	Breed: mixed breed/(breed)
	25/2 (Persian)
	26/5 (2 Persian, 2 Siamese, 1 Bombay)



	CG1 (CS = 0; asymptomatic)
	11 (40.7%)
	9 (29.0%)



	CG2 (CS: 1–5; mild disease)
	8 (29.6%)
	13 (41.9%)



	CG3 (CS: ≥6; severe disease)
	8 (29.6%)
	9 (29.0%)
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Table 2. Evolution at each visit of the clinical score (CS) of infected sick cats (CG2 and CG3) treated with rHuIFN-α compared to the beginning of treatment (M0).
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Infection

	
Evolution

	
M2

n (%)

	
M4

n (%)

	
M10

n (%)






	
FeLV+

	
favorable

	
7 (43.8%)

	
13 (81.2%)

	
5 (100%)




	
stable

	
8 (50.0%)

	
0

	
0




	
unfavorable

	
1 (6.2%)

	
3 a (18.8%)

	
0




	
FIV+

	
favorable

	
17 (89.4%)

	
18 (100%)

	
15 (88.2%)




	
stable

	
1 (5.3%)

	
0

	
1 b (5.9%)




	
unfavorable

	
1 (5.3%)

	
0

	
1 a (5.9%)








M2, month 2 ± 15 days; M4, month 4 ± 15 days; M10, month 10 ± 2 months; favorable, decrease in the CS; unfavorable, increase in the CS; stable, the same CS. a Two FeLV+ and one FIV+ cats were reported dead at this visit. b One FIV+ cat had higher CS at M10 than at M4.
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Table 3. Percentage in which the different clinical signs in FeLV+ and FIV+ cats treated with rHuIFN-α were observed. M0, beginning of treatment; M2, two months (±15 days) after beginning of treatment (mid-treatment); M4, four months (±15 days) after beginning of treatment (end of treatment); M10, 10 months (±2 months) after beginning of treatment.
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FeLV

	
FIV




	
M0

(n = 27)

	
M2

(n = 26)

	
M4

(n = 22)

	
M10

(n = 12)

	
M0

(n = 31)

	
M2

(n = 25)

	
M4

(n = 25)

	
M10

(n = 24)






	
Loss of appetite

	
33.3

	
32.0

	
13.6

	
0.0

	
54.8

	
25.0

	
11.5

	
4.2




	
Asthenia

	
33.3

	
28.0

	
9.1

	
0.0

	
41.9

	
29.2

	
15.4

	
4.2




	
Body condition

	
18.5

	
4.0

	
4.5

	
0.0

	
19.4

	
8.3

	
0.0

	
4.2




	
Lymphadenomegaly

	
18.5

	
16.0

	
13.6

	
8.3

	
19.4

	
12.5

	
7.7

	
0.0




	
Altered mucosae

	
25.9

	
12.0

	
4.5

	
0.0

	
29.0

	
4.2

	
0.0

	
4.2




	
Conjunctivitis

	
25.9

	
24.0

	
13.6

	
0.0

	
16.1

	
12.5

	
7.7

	
4.2




	
Oral lesions

	
29.6

	
28.0

	
22.7

	
0.0

	
32.3

	
20.8

	
3.8

	
4.2




	
Digestive disorders

	
11.1

	
4.0

	
0.0

	
8.3

	
9.7

	
8.3

	
0.0

	
4.2




	
Skin lesions

	
11.1

	
8.0

	
0.0

	
0.0

	
12.9

	
4.2

	
3.8

	
0.0




	
Respiratory disease

	
29.6

	
24.0

	
9.1

	
0.0

	
22.6

	
4.2

	
7.7

	
8.3
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Table 4. Average value of the CD4+/CD8+ ratio (normal value ≥0.9), and percentage of cats treated with rHuIFN-α with subnormal ratio.
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Infection

	
M0

	
M2

	
M4

	
M10






	
Average CD4+/CD8+ ratio

	
FeLV+

	
1.66

	
1.79

	
2.11

	
2.38




	
FIV+

	
0.80

	
1.17

	
1.40

	
1.29




	
Percentage of cats with altered CD4+/CD8+ ratio (<0.9)

	
FeLV+

	
26.1%

	
10.0%

	
5.3%

	
0%




	
FIV+

	
69.2%

	
30.0%

	
20.0%

	
35.0%








M0, beginning of treatment. M2, two months (±15 days) after beginning of treatment (mid-treatment). M4, four months (±15 days) after beginning of treatment (end of treatment). M10, 10 months (±2 months) after beginning of treatment.
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