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Abbreviations
ATL	Adult T-cell Leukaemia/Lymphoma
ATLV	ATL virus
ECDC	European Centre for Disease Surveillance and Control
HAM	HTLV-1-associated myelopathy
HTLV	Human T-lymphotropic Virus
HTLV-1	HTLV type 1
HTLV-2	HTLV type 2
IU	International Units
MTC	Mother-to-child
OMDS	Osame Motor Disability Score
OPTN	Organ Procurement and Transplant Network
TSP	Tropical Spastic Paraparesis
UNOS	United Network for Organ Sharing 
USA	United States of America

Summary
HTLV infection appears to be more common amongst renal transplant candidates than in the related general population. HTLV-1-associated diseases may occur in carriers who are transplanted but there is insufficient evidence to confirm whether these occur more frequently as a result of the associated immunosuppression. Consequently pre-existing HTLV-1 infection should not be considered a contra-indication to transplantation. 
The risk of transmission of HTLV-1 through solid organ transplantation from a confirmed infected donor is unknown. There are anecdotes of multiple infections from a single donor. Biologically due to the significant volume of blood and the lack of storage transmission would be expected to be higher than following blood transfusion. The rate of subsequent disease is unknown but there are now 11 reports of HAM and two of ATL occurring within 4 years of transplantation associated infection. There are insufficient data to know whether the time from infection to onset of disease and the rate of progression differ from transmission through other routes but early onset and rapid progression is a concern. Responses to enhanced immunosuppression for the treatment of HAM are variable.
The risk of HTLV-1 associated disease in exchange for a life-saving major organ transplantation from an infected donor might be considered worth taking by some HTLV-1 uninfected patients. Peri-transplantation antiretroviral prophylaxis with zidovudine and raltegravir is biologically sound but therapeutically unproven. The risks related to HTLV-1 infection appear to preclude the use of any other tissue. All transplant donors should be screened for HTLV-1 infection regardless of perceived risk.




Background
Human T-lymphotropic virus type 1 (HTLV-1), also known as human T-cell leukaemia virus type 1, was first isolated in 1980, from a North American patient with a cutaneous T-cell lymphoma, thought to be mycosis fungoides(1). Two years later, in Japan, a retrovirus, adult T-cell leukaemia virus (ATLV) was isolated from a cell line derived from a patient with adult T-cell leukaemia (ATL) (2). During the same period an association between ATL occurring in patients of Black Caribbean origin and HTLV was being described in London(3). By 1984, sequence analysis revealed HTLV and ATLV to be the same retrovirus(4). The causative relationship between HTLV-1 and ATL has since been confirmed by the International Agency for Research into Cancer(5). Pursuing the HTLV-1 Caribbean link Gessain et al found, not only a high prevalence of antibodies to HTLV-1 in patients in Martinique with non-Hodgkin lymphoma(6) but, unexpectedly, in patients with Tropical Spastic Paraparesis (TSP)(6). Meanwhile, in Japan, Osame was describing HTLV-1 infection in patients with a distinctive condition characterised by lower limb weakness and spasticity, which he termed HTLV-1-associated myelopathy (HAM) (7). Osame also described the link between HAM and HTLV-1 acquisition through blood transfusion(8). Indeed in a case-control study a history of blood transfusion compared with no transfusion was associated with an increased risk of HAM, (odds ratio 7.7, p <0.001) and following the 1986 introduction of blood donor screening for HTLV-1 in Japan the incidence of HAM fell by 16% in two years(9). 
The major routes of transmission of HTLV-1 infection are sexual intercourse and mother-to-child (MTC), the later predominantly (~80%) through breast-feeding for longer than three months. The risk of sexual transmission has been described for sero-discordant couples in an established relationship(10) but not for new sexual exposure. The relative contributions of each route to HTLV prevalence is uncertain but a 4:1 relative contribution of adult acquired: infancy acquired is supported by the overall MTC transmission rate of approximately 20% and recent studies from Japan and Brazil(11, 12). HAM is rare in childhood with only 27 cases ever reported(13) indicating a long latency. The mean age at onset of symptoms in patients with HAM, in the UK, was 48 years(14).
Solid organs contain relatively large volumes of blood and, unlike blood, which can be stored for days, are used quickly. The duration of refrigerated storage of blood is inversely related to infectivity(15). The first clear description of HAM following HTLV-1 infection acquired at the time of solid organ transplantation was in 1990 by Gout et al(16). Infection was attributable to an infected blood transfusion in the peri-transplantation period, disease onset was early, with first symptoms less than 6 months from transfusion, and rapidly progressive, with paraplegia within a further four months. This report raised the question of whether the natural history of HTLV-1 infection acquired at the time of transplantation differs from that following sexual or mother-to-child transmission. This review also addresses two major questions: 
1) Should organs from an HTLV-1 infected donor be transplanted?
2) Should organ donors be screened for HTLV-1 infection?
To do this three further questions pertaining to HTLV-1 infection and solid organ transplantation must first be answered:
1) What is the impact of transplantation from an HTLV-1 uninfected donor to an HTLV-1 infected recipient? 
2) What is the impact of transplantation from an HTLV-1 infected donor to an HTLV-1 infected recipient?
3) What is the impact of transplantation from an HTLV-1 infected donor to an HTLV-1 un-infected recipient?
Seroprevalence of HTLV-1 amongst transplant candidates
In most regions the HTLV-1 infection status of potential solid organ recipients is unknown and consequently the literature is limited (Relevant publications summarised in Table 1). In Kumamoto and Okinawa, high prevalence regions of Japan, HTLV-1 seroprevalence was more than 5 fold higher amongst 949 haemodialysis patients (19.7%) than 13,329 healthy carriers (3.6%) with a high seroprevalence rate observed even amongst patients who had not received blood transfusions (12.7%)(17). High seroprevalence has also been observed in other HTLV-1 endemic regions: Latin America & the Caribbean: 9.5% in haemodialysis patients in Jamaica(18) and 9.2% in Peru(19) but only 0.6% in Iran(20). Even in areas considered to have a low HTLV-1 seroprevalence high rates of infection have been documented amongst dialysis patients: 8/129(6.2%) in Miami, Florida, USA (4 co-infected with HIV-1)(21); 0.4% in Tunisia(22). Data on the prevalence of HTLV-1 amongst liver transplant candidates is even scarcer. In Kyushu, Japan 7.2% of living donor liver transplant recipients were HTLV-1 carriers (23). There are no published data pertaining to heart and lung transplant candidates.
What is the impact of transplantation from an HTLV-1 uninfected donor to an HTLV-1 infected recipient? 
Transplantation, and in particular the associated immunosuppression, might impact on an HTLV-1 infected recipient by altering the immunological control of HTLV-1 infection and by changing the incidence of HTLV-1-associated diseases, of which ATL and HAM/TSP are the best described. In passing, the association between HTLV-1 infection and prolonged asymptomatic carriage of Strongyloides stercoralis should be mentioned, given the risk and high (~90%) mortality of disseminated Strongyloides infection (Strongyloidiasis). There are few studies of the natural history of HTLV-1 infection following transplantation in a previously HTLV-1 infected recipient. Hoshida et al looked back at 24 patients who had developed lymphocyte proliferation following renal transplantation between 1970 and 1995 and diagnosed ATLL in five cases(24). However the serostatus at the time of transplantation was unknown in 4/5, with anti-HTLV-1 antibodies developing in the fifth patient 9 months after the diagnosis of ATLL, which might indicate that ATLL was of donor origin. Kawano et al identified eight HTLV-1 carriers among 164 living donor liver transplant recipients, with 3/8 developing ATLL between 6 and 25 months after transplantation. In all three cases the ATLL cells originated from the recipient(25). Most recently Yoshizumi et al reported the outcomes of 82 HTLV-1 infected liver transplant recipients. Five (6.1%) developed ATLL with an incidence of 9.2% at 5 years follow-up and in 3/5 the donor was HTLV-1 uninfected (26). The reported incidence of ATL in HTLV-1 infected living donor liver transplant recipients during follow-up periods of less than 5 years, is clearly higher than the 2%-6% life-time risk of ATLL in an unselected HTLV-1 infected population. However, the confidence intervals are broad (95% CI 2% – 14%). The occurrence of ATLL within 9-12 months of transplantation in both series also allows the possibility that these patients had undiagnosed ATLL at the time of transplantation. 
In Nakamura’s study 6/120 renal transplant recipients were HTLV+ and another 4 were transplanted from HTLV-1+ donors. During an average of 8 years immunosuppression and 9 years follow-up there were no cases of ATLL nor of HAM(27). More recently Shirai et al reported that ATLL had not developed in 11 renal transplant recipients during 9 years follow-up(28). 
Is there a preferred or less preferred immunosuppressive therapy?  The early report that all three patients who developed ATL following living donor liver transplantation were immunosuppressed with tacrolimus(25) raised the possibility that this therapy might heighten risk. However, in the more recent papers patients received either ciclosporin or tacrolimus (along with mycophenolate and steroids) without developing ATL(27).
In summary, whilst there is insufficient evidence to conclude that ATLL is more common among HTLV-1 infected persons who have received solid organ transplants compared to non-transplanted HTLV-1 infected adults there is a signal for this following liver transplantation but not for renal transplantation. However numbers are small, and for at least some of the cases associated with liver transplant early presentation raises the possibility of undiagnosed pre-transplantation smouldering subtype of ATL which clinically progressed on immune suppression. Based on these limited data established HTLV-1 infection is not a contra-indication for solid organ transplantation but assessment of signs and markers of HTLV-associated diseases including Strongyloides stercoralis and risk factors for ATL and HAM pre-transplant makes sense. Indeed, whether it is reasonable to transplant patients without knowing their HTLV-1 status is questionable. Data on the natural history of HTLV-1 in transplant recipients is required to better inform risk assessment and decision-making. There are insufficient data to support or avoid any particular immunosuppression regimen. 

What is the impact of transplantation from an HTLV-1 infected donor to an HTLV-1 infected recipient?
Yoshizumi et al reported no significant difference in outcomes in 27 HTLV-1 infected recipients following living donor liver transplant from HTLV-1 positive compared to HTLV-1 uninfected donors at 1 year (83.3% v 79.9%). However at 10 years (48.6% v 59.7%) a trend towards better outcomes with liver from uninfected donors was suggested. No such data are available for renal transplants and all the liver data to date are from the Japanese experience. In regions where HTLV-1 infection is common the use of living donor organs from HTLV-1 infection matched donors can be supported by the available data. 
What is the impact of transplantation from an HTLV-1 infected donor to an HTLV-1 uninfected recipient?
Since organs from donors known to be HTLV-1 infected are not usually used, transmission has mostly been reported in single cases following the diagnosis of disease(29, 30).  An HTLV-1 infected mother’s kidney donation resulted in transmission of HTLV-1 to her daughter (31). Three reports from multi-organ donation however suggest that transmission rates are high compared even to blood transfusion. Gonzalez-Perez et al reported from Spain three (1 liver, 2 renal) of five recipients who became HTLV-1 infected following transplantation from the same donor(32). Cook et al similarly reported HTLV infection occurring in the three recipients of organs from a single infected donor in the United Kingdom demonstrating seroconversion within 7 weeks of transplantation(33). A case report from Germany differed in that seroconversion in the 3 recipients of HTLV-1 infected organs was delayed by up to 2 years despite high (>1%) HTLV-1 proviral load in each recipient(34). 
The outcomes for the 10 infected recipients are that 3/3 in Spain(35, 36) and 1/3 in UK have developed HAM (unpublished data) whilst 2/3 in Germany developed HTLV-1 associated cutaneous lymphoma 2 and 3 years post transplantation(34) and the 3rd recipient presented with HAM 4 years post transplantation(37). The daughter in the case above remained disease free 4 years after infection(31). These findings suggest not only a high rate of transmission but a high rate of disease. The liver recipient in the UK remains HTLV-1 asymptomatic more than 4 years post transplantation whilst the second renal recipient died of HTLV-1 unrelated disease without developing any HTLV complications.
The third impact to consider also incorporates whether the onset and course of any HTLV-1 associated disease following transplantation-associated infection is more aggressive than when infection is acquired through other routes. The first transplantation associated case of HAM, albeit through peri-transplantation blood transfusion, occurred 5 months following infection and progressed rapidly. In the Spanish cases, all three patients developed HAM within 2 years of infection. In the UK, HAM developed in the renal transplant recipient 36 months after infection, was initially progressing rapidly (use of walking aid within 3 months of first symptoms ) and is steroid sensitive, requiring high doses of prednisolone in addition to renal transplant related immunosuppression with mycophenolate and ciclosporin, to restore mobility to almost normal. Recent case reports from Japan, Ecuador and the USA paint the same picture: 2 cases of living donor renal transplantation in Japan with donations by an HTLV-1 seropositive mother and a seropositive wife to an HTLV seronegative daughter and a seronegative husband, being followed by onset of HAM 8 months and 3 years later respectively(38); HAM developing 36 months following transplantation in a 40 year old male in Ecuador (albeit pre-transplantation and donor serostatus not known)(39); HAM developing 5 months following renal transplant related HTLV-1 infection in a 56 year old male in USA and becoming wheel-chair dependent within 6 months of the onset of symptoms(40).  
Should organ donors be screened for HTLV-1?
Part of the concern of Shames et al was their experience of organs being rejected from donors with non-specific reactivity in the HTLV-1/2 screening assay(41). This concern was also expressed by Thomas et al in 2007 in relation to corneal donations in the UK(42). In their hands 7.2% of donors had non-specific reactivity in their screening assay, potentially resulting in loss of corneas for transplantation(42). Kaul et al drew attention to the impact of the withdrawal of the Abbott HTLV-I/HTLV-II Enzyme Immunoassay from 31/12/2009 for HTLV-1 organ donor screening in the USA(43).  In fact the Executive Committee of the Organ Procurement and Transplant Network/United Network for Organ Sharing (OPTN/UNOS) announced on 23/10/2009 that pre-transplant testing of deceased donors for HTLV-1/2 infections would not be a requirement for all tissue from 30/11/2009. https://www.transplantpro.org/wp-content/uploads/sites/3/Guidance_DTAC_HTLV_06-2011.pdf?e4f722 accessed 05/02/2017, based on a perceived low prevalence of HTLV-1/2 infections in the USA, the withdrawal of the assay as above and the “considerable” organ wastage due to false positive HTLV-1/2 screening results. This was effectively a de facto declaration that at least some HTLV-1 infected tissue can be transplanted, at least in the USA, without the recipients being offered an informed choice. However, according to Tedla et al, the seroprevalence of HTLV-1 infection among deceased donors in the USA is 0.16% rising to 2.2% among living renal donors(44). Two cases of renal transplantation-acquired HTLV-1 infection resulting in HAM have occurred in the USA since this decision by OPTN/UNOS(40). Meanwhile the European Centre for Disease Control (ECDC) have published two reports – the first in 2011 defining the prevalence of HTLV-1 infection in the population that would require routine screening of all tissue donations(45) and the second in 2015 a comprehensive review of HTLV-1 sero-prevalence data globally(46). 
The available data indicate that organs transplanted from HTLV-1 infected donors do result in HTLV-1 infection and although the transmission rates are unknown due to the lack of surveillance, this transmission rate is likely to be at least as high as that seen in blood donors in which reported transmission (without leucodepletion) ranges from 27.4% – 63.4% despite refrigerated storage, as summarised by Hewitt et al (47). Second there are now multiple reports of HAM, a disease with high morbidity, resulting from transplantation-acquired HTLV-1 infection. Third, the reported cases of HAM have occurred 5 to 48 months post infection. HAM does occur early following other routes of infection, notably transfusion-acquired but either there is a tendency for HAM to occur early in all cases of transplantation-acquired infection or there are many more cases to be revealed. Fourth, many of the case reports have described rapid progression as summarised in Table 2. This might be an artefact of an association between early disease and rapid progression and thus a reporting bias or it may represent a true difference in disease presentation. Against such compelling data the question of should organ donors be screened for HTLV-1 infection must be’ yes’. . It is clear that countries have taken either no decision or drawn different conclusions in this regard. ECDC guidance is that HTLV-1 screening is indicated if the prevalence of anti-HTLV-1 antibodies in the general population is >1% or amongst selected first-time blood donors >1:10,000(45). ECDC further recommends that where the sero-prevalence is unknown, as is the case in many countries, HTLV-1 screening is also indicated. Undoubtedly there is a need for highly specific anti-HTLV-1 antibody screening assays but these are already commercially available.
Should organs from an HTLV-1 infected donor be transplanted?
In 1998, Nakamura et al suggested that in high prevalence regions organs from HTLV-1 infected donors should be made available to HTLV-1 infected recipients as the outcomes in relation to HAM and ATLL were unknown(48). Whilst in 2002, based on a median of 12 months follow up of 22 recipients of organs from HTLV-1/2 seropositive donors in the USA Shames et al questioned the need to hold back organs from HTLV-1 infected donors(41). In this analysis of reports to United Network for Organ Sharing (UNOS) the prevalence of HTLV-2 (0.064%) was more than double that of HTLV-1 (0.027%). Thus their cautious suggestion to utilise HTLV-1/2 positive organs appears to be based on approximately 10 recipients of organs from HTLV-1 infected donors followed up for 1 year. Whilst the consequences of HTLV-1 infection acquired through transplantation remain uncertain the literature emphasises that HTLV-1 infection thus acquired appears to result in debilitating disease at a high frequency. Thus, it is desirable to ensure that such organs are not unknowingly transplanted and reasonable to recommend that where the condition is not imminently life-threatening (e.g. renal transplantation) such organs should not be used. To date not all recipients of HTLV-1 infected organs have developed HTLV-1 associated disease and although the risk appears to be substantial if the alternative is imminent death due to lack of another matched donor the risk may be acceptable, firstly because not all infected recipients have developed disease and secondly because in some cases aggressive therapy for HAM/TSP with pulsed intravenous corticosteroids followed by high dose oral steroids (in addition to the standard immunosuppressive therapy) has resulted in significant improvement. Monitoring and early detection and treatment of myelopathy might further improve outcomes.
Use of antiretroviral therapy to reduce the risk of HTLV-1 transmission 
Several therapies used for the treatment of HIV-1 infection have activity against HTLV-1 enzymes in vitro – most notably the nucleoside analogue reverse transcriptase inhibitor zidovudine(49, 50) and the integrase inhibitor raltegravir(51). Treatment of HTLV-1 infection with antiretroviral therapy does not significantly or reproducibly reduce HTLV-1 proviral load in established infection(52) and failed to control early expansion in the UK patients having been initiated at 16 – 23 days post transplantation whilst the proviral load remained low(33). This does not appear to be due to resistance(53) and most likely reflects the dominance of infected cell proliferation and the expansion of multiple infection cell clones over infectious spread in both settings. However, prevention of transmission following HTLV-1 cell line challenge has been demonstrated with zidovudine in an animal model(54). Thus, the case can be made for such prophylactic treatment on the basis of safety and plausibility over the risk of transmission. The required duration of such therapy is not known and would need to be for the duration of the survival of infected T- lymphocytes in the recipient. It is reasonable to suggest a minimum of 12 weeks.
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Legends
Table 1. Prevalence of HTLV-1 among haemodialysis patients
Table 2. Cases of HTLV-1-asssociated disease occurring following documented transplantation-related infection 
