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Statement of how the publications have contributed to knowledge in the field of human retrovirology
(Publications considered most significant are marked with an asterisk)

HTLV-1 

Shortly after joining St. Mary’s Hospital Medical School in 1992 I started two major initiatives: 1) the HTLV European Research Network (HERN) (with Professors Weiss, de The, Weber, Chieco-Bianchi and Bertazonni); 2) A research clinic for patients with HTLV-1 infection with an accompanying study of the Natural History of HTLV-1 infection. In 1995 I established one of the first multi-disciplinary HIV/ante-natal clinics in the UK. These clinics continue to underpin my research, selections of which I present below for consideration of the degree of Doctor of Science. I start with the serological and clinical epidemiology that I initially conducted with and through HERN.

HTLV-1 Epidemiology

In 1994, our knowledge of European HTLV epidemiology comprised of many small, seroprevalence studies, spanning a decade or more, that had utilised a wide range of assays of variable sensitivity and specificity, and had been conducted amongst populations of differing perceived risk. In recognition of this we established the HERN criteria for the diagnosis of HTLV infections for sero-prevalence studies (1996; HERN*) and a panel of sera for quality control. Prior to initiating the definitive study of HTLV-1 infection among pregnant women in Western Europe we determined the reliability of the testing of pooled sera for HTLV-1 and -2 infections (2001; Andersson).  I collated published and previously unpublished data from the network and in accordance with our criteria reported the seroprevalence of HTLV infections within the, then, boundaries of the European Union (1996; HERN, 1999; Taylor). We demonstrated that HTLV-1 and HTLV-2 sero-prevalence varied widely by geography and risk group. The most widely tested group, blood donors, had the lowest prevalence (0 < 3/10,000 donors), pregnant women were at intermediate risk, and injecting drug users and patients with sexually transmitted infections had the highest seroprevalence (0 < 6.5%). I then coordinated the HERN International Antenatal Study of 250,000 pregnant women in Belgium, France, Germany, Italy, Portugal, Spain and UK which demonstrated a 10 fold higher prevalence of HTLV infections amongst pregnant women in these countries compared with blood donors in the same regions, even though the prevalence varied (2005; Taylor*). In the UK arm we conducted a linked anonymised study and could therefore further characterise the risk of being HTLV-1 or HTLV-2 positive. As might be expected, pregnant women born in regions where HTLV-1 is endemic had the highest prevalence rates (1.7%), however, such selective screening would have only identified 32% of the infected women (2000; Ades). The HTLV antenatal seroprevalence data remains the defining study of HTLV infections in Western Europe and the comparator for any future assessment.
In addition in the UK I used the existing reporting system to describe the incidence of diagnosed HTLV-associated disease in the UK during 1994 -1999 and triangulated these data, with census and the ante-natal seroprevalence data to estimate 20 – 30,000 prevalent HTLV infections in the UK (2000; Tosswill). In 2009, I revisited the epidemiology of HTLV, examining the data on which the much-cited estimate of 10 – 20 million persons infected worldwide was based and then having reviewed all published studies based on unselected general populations concluded that there are very few robust data on which to base any current estimate of HTLV seroprevalence (2009; Hlela).


HTLV Clinical Studies

The establishment of the HTLV Clinic at St. Mary’s Hospital was the natural forerunner to a number of descriptive and interventional studies. This clinic, now the National Centre for Human Retrovirology, remains unique in Europe and probably hosts the largest cohort of patients with HTLV infections outside the endemic regions.

The development of viral load quantification assays has played a key role in our understanding of pathogenesis and prognosis. Our first assay was a nested HTLV-1 specific DNA PCR able to detect a single HTLV DNA molecule in 100,000 peripheral blood mononuclear cells (PBMCs). With this we described the viral load in our cohort showing the median viral load of patients with HTLV-1-associated myelopathy (14 HTLV-1 copies per 100 PBMCs) to be 10-fold higher than asymptomatic carriers (1.4%) but with overlapping ranges (1998; Tosswill). Our description of incident HTLV-1-associated inflammatory disease (1999; Taylor*) remains a rare, albeit  frequently presumed, documentation that high HTLV-1 viral load precedes initial symptoms, whereas our observation of the relative stability of HTLV-1 viral load over time in both categories has been reproduced. More recently, incident cases of adult T-cell leukaemia/lymphoma (ATLL) in the cohort have all occurred in patients with pre-existent high HTLV viral load (2011; Hodson submitted) and our HTLV integration site analysis studies have demonstrated shifts from low to high clonality significantly predating clinical disease (2011; Gillet). Not all clinicians treating patients with ATLL have been convinced by the small studies reporting the efficacy of the combination of zidovudine with interferon-. The international meta-analysis of this treatment compared to chemotherapy provides compelling evidence of benefit with the leukaemic forms of ATLL1, whilst our latest work based on the UK experience (2011; Hodson*) confirms this and further demonstrates a survival advantage for patients presenting with ATLL – lymphoma, when given in addition to chemotherapy. 

It was clear from my review (1998; Taylor) that the treatment of HTLV-1-associated inflammatory disease (HAM) was poorly understood and based on anecdote and small case reports. Observing that clinical improvement, in a patient with early HAM, with the cytosine analogue reverse transcriptase inhibitor was associated with a 2 log reduction in HTLV-1 proviral load and parallel reduction in the frequency of HTLV-1 specific CD8 T-lymphocytes we further explored this therapeutic modality in patients with chronic disease where the results were less impressive (1999; Taylor). Other centres subsequently reported the treatment of patients with HAM with lamivudine. Since the HTLV-1 viral load reduction was transient, passing through a period lasting several months during which HTLV viral load and anti-HTLV CTL frequency fluctuation suggested a predator-prey phenomenon, returning to baseline we postulated that intensification of the antiretroviral therapy would further suppress viral load and that sustained reduction of viral load would be required to modify disease in patients with chronic disease. We therefore conducted a UK-Japan collaborative randomised controlled trial (RCT) of zidovudine plus lamivudine. This remains the only placebo-controlled RCT in HTLV-1 infection. Despite up to 12 months dual therapy, good adherence and tolerability, none of the clinical, virological or immunological parameters showed any significant improvement (2006; Taylor*). (By now we had developed real-time quantitative HTLV DNA PCR (2004; Goon)). We have since demonstrated not only that reverse transcriptase (RT) from HTLV primary isolates obtained before and after treatment in this study remain sensitive to zidovudine but also that the sensitivity of HTLV-1 RT to various RT inhibitors differs between isolates and between isolates and virus obtained from cell lines (2011; Maachi). This failure of antiretroviral therapy led us to focus on the immune response to HTLV-1 in HAM. As briefly described below our studies indicate the importance of constant viral expression and immune response in pathogenesis. Almost immediate clinical improvement, lasting at least 4 weeks, follows treatment with high dose pulsed methyl prednisolone (2011; Martin submitted). Our open-label 48 week, proof of principle study of ciclosporin, shows consistent improvement in clinical parameters (pain, spasticity and ambulation) with parallel reduction in markers of inflammation (-2 microglobulin), T cell activation (CD4 CD25 expression), in CD4 T-cell counts and corrected viral load. The viral load reduction is most marked in the CSF lymphocytes measured after 12 weeks therapy. Improvement occurs during the first 24 weeks of therapy and is sustained to week 48, but is lost after week 48, when ciclosporin was discontinued as per study design (2011; Martin in preparation). This improvement contrasts with the natural history of HAM in our cohort, in which for the first time we have documented in a measured way the constant deterioration in gait which deteriorates at a rate of 2 secs/10m/year in a timed walk (2010; Martin). Thirteen years on from the first review, there is an appalling paucity of new published data, with the exception of the prospect of reducing HTLV-1 viral load through the combination of sodium valproate (a histone deacetylase inhibitor) with zidovudine (to prevent an early increase in de novo HTLV infection), to review (2011; Martin).

HTLV-1 pathogenesis studies

The establishment of a clinical cohort has been fundamental to our studies of HTLV-1 pathogenesis, which in turn have lead to therapeutic studies. Over the last 15 years the collaboration with Professor Bangham has results in the following key research findings
1. Cytotoxic T-cells responses are found in HTLV-1 infected asymptomatic carriers as well as patients with HAM (1996; Daenke) in contrast to earlier studies.
2. The discovery that HLA alleles influence risk of HAM and that HLA A0201 does so through an associated with low viral load – detected in a Japanese cohort and confirmed in our predominantly Afro-Caribbean population (1999; Jeffery)
3. Having observed that high concentrations of HTLV-1 gag could be detected in culture supernatants after 72 hours (Taylor unpublished) we conducted a detailed time-course study of unstimulated PBMCs and found that viral protein expression could be detected as early as 6 hours but peaked after 24 hours. This not only supported the concept that HTLV-1 expression was persistently present in vivo (as evidenced by a persistent immune response – see 1996 Daenke and 1999 Taylor above) but enabled us to: demonstrate CTL activity ex vivo (2000; Hanon*); determine HTLV-1 Tax protein expression as an independent risk factor for HAM; and develop the novel functional CTL assay (2005; Asquith) that has informed our clinical studies.
4. The development of CD4 ELIspot assays enabled our demonstration of the role of HTLV-1 specific CD4 cells in HTLV-1 infection (2002; Goon) and the association of CD4 TNF- and IL-2 secretion with HAM (2003; Goon), which in turn has informed our clinical trials of ciclosporin (see above) and the anti-TNF- monoclonal antibody, Infliximab.
5. The discovery of the ‘virological synapse’ (2003; Igakura*) has profoundly changed our understanding of HTLV-1 transmission.
6. Our studies of lymphocyte dynamics in vivo have demonstrated an increased turnover of CD4 and CD8 lymphocytes in patients infected with HTLV-1 and in particular demonstrated a higher rate of turnover of HTLV-1 infected cells (2007; Asquith*). 
7. Whilst the detail of the role of the immune response to the HTLV-1 regulatory protein Tax, in the pathogenesis and control of HTLV-1 infection has long been debated we have recently demonstrated the importance of the cellular response to the HTLV basic leucine zipper protein in the control of HTLV-1 infection (2011, Hilburn*)
Together these studies, which have considerably advanced our understanding of the host-pathogen interface, point to virus driven cell proliferation and host-driven cell death, the balance of which will determine outcome in terms of viral load and hence disease. The HBZ study is indicative of the importance of even low frequency responses provided their target is key to viral persistence.


HIV & Pregnancy

My research in HIV has focussed on the efficacy and safety of antiretroviral therapy in pregnancy. During 1996, when I first treated HIV infection in a pregnant woman with zidovudine monotherapy (ZDVm), there were only about 200 HIV positive pregnant women in the UK. The results of the sentinel ACTG 076 study2 showing a 67% reduction in HIV mother-to-child transmission (MTCT) had been published in November 2004, but dual therapy for treatment was already showing promise and I introduced combination therapy (zidovudine and lamivudine) in pregnancy at the end of 1996. Detection of mutations in HIV-1 reverse transcriptase gene associated with reduced drug sensitivity was in its infancy but using a line probe assay we were the first to report the rapid development of the M184V mutation, associated with a 100 fold reduction in sensitivity of HIV-1 to lamivudine, in pregnancy and recommend avoidance of this approach (1999; Clarke).  Our findings were later substantiated by a much larger, cohort study from France3. Understanding the kinetics of the development of resistance to antiretroviral therapy has been more important in pregnancy, for reasons of reducing drug exposure and rolling out inexpensive treatment strategies in resource-poor settings, than in all other areas of HIV medicine. The long half-life of nevirapine, a non-nucleoside RT inhibitor studies lead to the development of the single-dose nevirapine strategy. We were the first to demonstrate that standard continuous maternal dosing with nevirapine during pregnancy was sufficient to maintain therapeutic plasma concentrations and that transplacental transfer of nevirapine led to foetal hepatic enzyme induction with implications for neonatal dosing. This was the first ever description of this phenomenon for any therapy (2000; Taylor*). We also were the first to document the time (up to 14 days) required to clear nevirapine after antiretroviral therapy was stopped (2004; Mackie) leading us to recommend a therapeutic NRTI tail with planned treatment discontinuations. Whilst the efficacy of ZDVm with pre-labour caesarean section to prevent HIV MTCT has been conclusively demonstrated this approach is no longer favoured. It is argued that ZDVm will result in the emergence of mutations associated with resistance. We have shown that the selective use of ZDVm in pregnancy, in accordance with British HIV Association guidelines, does not result in the emergence of such mutations, even as a minority specie (2008; Read), nor adversely affect subsequent response to combination therapy (2006; Martin). Conversely, whilst understanding the importance of combination therapy in pregnancy both to prevent HIV MTCT and for maternal health we have been at the forefront of documenting the impact of these therapies on pregnancy outcomes. A low rate of pre-eclampsia among untreated HIV positive women was a documented, but poorly recognised phenomenon. Our report of a restoration of the risk of pre-eclampsia to expected levels for the community was the first such observation, since confirmed, and we hypothesised that this might be due to immune reconstitution even though there was no significant change in CD4 T-lymphocyte counts amongst those with pre-eclampsia compared with the controls (2002; Wimalasundera*). We have also contributed to the controversial literature on pre-term delivery and combination therapies. First reported in European studies but not apparent in some N. American studies we have shown that whilst PTD rates are within the normal range (6 – 8%) for women on ZDVm PTD is more common (16%) in women on combination (HAART) especially if HAART is initiated during the pregnancy (22%), regardless of baseline CD4 T-lymphocyte count and HIV viral load (2007; Martin*). In an update of this study, the odds ratio for PTD in women eligible for ZDVm but electing to take HAART was 6.7 compared to women who were managed with ZDVm (2011, Short, submitted). Fiore et al have shown a disturbance of the normal change in Th1:Th2 ratio in women on HAART throughout pregnancy4. We are now exploring the association between class and timing of antiretroviral therapy in pregnancy, pre-term delivery and changes in the ratio of Th1:Th2 cytokines. Finally, we have continued to study the pharmacokinetics of antiretroviral therapy in pregnancy and in a study spanning almost 5 years have demonstrated that the improved bioavailability of the tablet formulation of Lopinavir/ritonavir together with the changes in protein binding, compensate for the reduced concentrations of lopinavir found with the capsule formulation during the third trimester of pregnancy (Else; 2011).
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