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MANUSCRIPT INTRODUCTION

Late HIV diagnosis is associated with poor outcomes, an increased risk of ongoing HIV transmission and high healthcare costs. [START_REF]Late Presentation Working Groups in EuroSIDA and COHERE. Estimating the burden of HIV late presentation and its attributable morbidity and mortality across Europe 2010-2016[END_REF][START_REF]Recording and investigation of late HIV diagnoses: good practice position statement[END_REF] As such, late diagnosis remains a key public health metric in assessing the success of HIV testing programmes. In 2010, a consensus statement was published in which late presentation of HIV was defined as presenting for HIV care having a CD4 count <350 cells/µL or with an acquired immunodeficiency syndrome (AIDS)-defining event. [START_REF] Antinori | Late presentation of HIV infection: a consensus definition[END_REF] This definition was endorsed by the European Centre for Disease Prevention and Control (ECDC) and the World Health Organization (WHO) Regional Office for Europe and has been used across Europe for clinical research and public health monitoring for more than 10 years. Completeness of HIV surveillance data on CD4 count at diagnosis is now high for most countries reporting to ECDC and WHO. [START_REF]HIV/AIDS surveillance in Europe 2021: 2020 data[END_REF] In recent years, testing for HIV has expanded and frequency has increased across some populations and regions, particularly in relation to the roll out of pre-exposure prophylaxis (PrEP) programmes. This has resulted in an increasing number of people, particularly men who have sex with men (MSM), being diagnosed with HIV during seroconversion, when their CD4 count may be temporary low, (known as the 'seroconversion effect' [START_REF] Lodi | Symptomatic illness and low CD4 cell count at HIV seroconversion as markers of severe primary HIV infection[END_REF][START_REF] Lodi | Time from human immunodeficiency virus seroconversion to reaching CD4+ cell count thresholds <200, <350, and <500 cells/mm³: assessment of need following changes in treatment guidelines[END_REF]). Using the current definition of late HIV presentation, these individuals are incorrectly assigned as being diagnosed late. This issue of overestimation has already been raised by research groups in Belgium, [START_REF] Sasse | Late presentation to HIV testing is overestimated when based on the consensus definition[END_REF] Sweden [START_REF] Brännström | Deficiencies in the health care system contribute to a high rate of late HIV diagnosis in Sweden[END_REF] and the United Kingdom (UK). [START_REF] Kirwan | Reassessing the late HIV diagnosis surveillance definition in the era of increased and frequent testing[END_REF] This has led to correction factors being applied to the late diagnosis rate of specific subgroups. The magnitude of these correction factors depends on the reclassification criteria, population, country, and study period, but was estimated to be as high as 9% in Belgium. [START_REF] Sasse | Late presentation to HIV testing is overestimated when based on the consensus definition[END_REF] Therefore, a working group established under the EuroTEST Initiative, with the support of the ECDC, WHO Regional Office for Europe and European AIDS Clinical Society (EACS), decided to revisit this definition, reviewing the feasibility of incorporating data on markers of recent infection to enable better distinction between people diagnosed with HIV late and people recently acquiring HIV.

MATERIALS AND METHODS

The EuroTEST Initiative convened a working group of experts in HIV from Europe, including clinicians, epidemiologists, public health professionals and civil society, to review the existing late HIV diagnosis definition in January 2022. Multiple meetings were held for stakeholders to discuss possible updates to the definition based on previous research. [START_REF] Sasse | Late presentation to HIV testing is overestimated when based on the consensus definition[END_REF][START_REF] Brännström | Deficiencies in the health care system contribute to a high rate of late HIV diagnosis in Sweden[END_REF][START_REF] Kirwan | Reassessing the late HIV diagnosis surveillance definition in the era of increased and frequent testing[END_REF] The full list of experts consulted can be found in Appendix 1.

In May 2022, a short survey was developed by the EuroTEST HIV Late Diagnosis Definition Working Group and sent to all 53 national surveillance contact points for HIV in the WHO European Region by the ECDC and WHO (one per country). Responses were entered onto the Research Electronic Data Capture (REDCap) online tool, hosted at the Centre of Excellence for Health, Immunity and Infections (CHIP). [START_REF] Harris | The REDCap consortium: Building an international community of software platform partners[END_REF][START_REF] Harris | Research electronic data capture (REDCap)--a metadata-driven methodology and workflow process for providing translational research informatics support[END_REF] The main aim of this survey was to better understand the availability and flow of data on recent infection needed to be able to re-classify late HIV diagnoses and to monitor the modified late diagnosis indicator at a national and European level. Respondents were asked about baseline assessments carried out when people are diagnosed with HIV, data collection, data caveats and whether there are currently any adjustments made to national late HIV diagnosis figures to account for recent infection in their country. Submitted data was validated by the ECDC, where applicable. The full survey can be found in Appendix 2.

RESULTS

Definition

Late HIV diagnosis: A person first diagnosed with HIV with a CD4 count <350 cells/µl or with an AIDS-defining event, regardless of the CD4 cell count.

People with evidence of recent infection (i.e. being diagnosed during seroconversion) should be reclassified as 'not late'. Evidence of recent infection should be considered hierarchically; the individual must have either: i) laboratory evidence of recent infection (recent infection testing algorithm (RITA), p24 antigen), ii) a last negative HIV test within 12 months of HIV diagnosis or iii) clinical evidence of acute infection (e.g. seroconversion illness). People with evidence of being previously diagnosed, either abroad or elsewhere, should be excluded from the calculation of the proportion of the population diagnosed late. This definition has been adapted from the previously published definition (3) to describe late HIV diagnosis rather than late presentation, to focus on people newly diagnosed with HIV.

Twelve months was chosen as a pragmatic cut-off for timing of last negative HIV test to broadly align with current HIV testing recommendations. [START_REF]Public health guidance on HIV, hepatitis B and C testing in the EU/EEA -An integrated approach[END_REF] It is also known that most people who are seroconverting recover their CD4 count within a year,(13) typically within six months, and those who do not could rather be considered as 'fast progressors'. [START_REF] Lodi | Time from human immunodeficiency virus seroconversion to reaching CD4+ cell count thresholds <200, <350, and <500 cells/mm³: assessment of need following changes in treatment guidelines[END_REF][START_REF] Robb | Prospective study of acute HIV-1 Infection in adults in East Africa and Thailand[END_REF][START_REF] Kaufmann | Impact of early HIV-1 RNA and T-lymphocyte dynamics during primary HIV-1 infection on the subsequent course of HIV-1 RNA levels and CD4+ T-lymphocyte counts in the first year of HIV-1 infection. Sydney Primary HIV Infection Study Group[END_REF] Furthermore, research from the UK and Sweden shows that among people newly diagnosed with HIV with a negative test recorded, the vast majority had their last negative test within the most recent year, so lengthening the cut-off would have minimal effect. [START_REF] Kirwan | Reassessing the late HIV diagnosis surveillance definition in the era of increased and frequent testing[END_REF][START_REF] Brännström | EuroTEST HIV Late Diagnosis Definition Working Group Meeting[END_REF] The 12month cut-off was endorsed by members of the EACS Governing Board and antiretroviral therapy (ART) panel group.

We recommend people with evidence of being previously diagnosed with HIV should be excluded from the late diagnosis calculation as their current positive test is not their first and thus, they are not being newly diagnosed.

Survey to European countries

Overall, the response rate for the survey was relatively low, with respondents from only 18 countries participating: Albania, Belgium, Denmark, France, Georgia, Germany, Greece, Ireland, Italy, Liechtenstein, Luxembourg, Malta, Netherlands, Serbia, Slovakia, Spain, Sweden and the United Kingdom (UK). All questions were answered by respondents from all countries.

Baseline assessments at presentation: In all 18 countries, the standard of care for people newly diagnosed with HIV is to have a CD4 count taken and be asked about previous HIV diagnosis elsewhere (e.g. abroad). Seventeen (94%) respondents reported that people are assessed for clinical symptoms of AIDS-defining illnesses (clinical judgement based on symptoms and medical history), 16 (89%) that HIV testing history information is collected, 16 (89%) that the individual is assessed for clinical symptoms of seroconversion illness and 14 (78%) that laboratory testing for evidence for seroconversion (HIV polymerase chain reaction (PCR) or antigen positive but HIV antibody negative) is carried out. Only six (38%) country respondents reported people newly diagnosed with HIV are tested for recent infection (e.g.

avidity testing).

Clinical data flows: Not all country respondents reported being able to capture data needed to re-classify late HIV diagnoses at a national level (Table 1); 15 (83%) reported AIDS at diagnosis is able to be captured through national surveillance mechanisms, 15 (83%) CD4 count at diagnosis, 12 (67%) last negative HIV test, 12 (67%) previous HIV diagnosis, 11 (61%) information on seroconversion illness at diagnosis and only five (28%) incident HIV antibody test results. While the respondent for Belgium reported that laboratory findings of seroconversion are collected as part of national HIV surveillance with a coverage of almost 100%, the respondent for Ireland reported that all avidity testing has been paused due to resourcing issues. In Georgia, RITA surveys are conducted periodically, dependent on funding, but are not part of routine surveillance. In Sweden, incidence HIV antibody results are only available from HIV clinical cohort study data from Stockholm and Gothenburg. Only respondents from three countries, France, Ireland and the UK, reported that all surveyed indicators needed to apply the revised late HIV diagnosis definition are captured nationally.

Most respondents who reported at least one data item not being available at a national level, indicated that these data were available either locally (nine countries) or through cohort studies (three countries), highlighting potential for expanding data collection nationally and opportunities for collaboration. Data caveats: Respondents for each country were asked what data caveats would need to be considered if HIV surveillance data indicating recent infection were used to adjust late diagnosis figures at a national level. In terms of incident antibody testing, seven respondents reported testing was not carried out in their country, while five indicated the testing results were not collected centrally, one reported there was a significant reporting delay in receiving the results, one reported incomplete linkage between datasets and four that the data source did not cover all cases. The most common reasons for difficulty in providing last HIV test information were significant missing data (10 respondents), incomplete coverage (five respondents) and incomplete linkage between datasets (five respondents). Significant missing data was also a barrier reported by 10 respondents in collecting data on seroconversion illness; a further five respondents reported seroconversion illness data are not currently collected centrally.

Respondents from Spain, the UK, Denmark, France and Belgium reported that late HIV diagnosis figures are adjusted for recent infection in their country. The respondent from the Netherlands reported that figures had been adjusted previously and the respondent from Serbia reported that adjustments had been attempted previously. Fourteen respondents expressed an interest in being involved in future work to attempt to quantify the 'seroconversion effect' correction factor for MSM diagnosed late in their countries.

DISCUSSION

We present a revised consensus definition of late HIV diagnosis, in which people known to be diagnosed during seroconversion are reclassified as 'not late'. This represents a pragmatic approach to take into account observed increases in HIV testing frequency in Europe and this revision will ensure continued relevance of this longstanding key HIV metric for public health monitoring.

The application of this definition by national public health agencies and institutions is recommended but it is acknowledged this is dependent on reporting of surveillance data relating to late HIV diagnosis (CD4 count and AIDS at diagnosis) and evidence of recent infection (presence of seroconversion illness, last negative HIV test date or incident antibody testing). Our survey findings show this is currently only possible in some countries. However, it is important to note that respondents from only 18 countries responded to the survey, likely due to competing priorities, including coronavirus and monkeypox virus, with limited representation from Eastern European countries. Expansion of HIV surveillance mechanisms to facilitate data collection of these markers is essential to ensure uptake is comprehensive across Europe. In some circumstances, collaboration with HIV clinical cohort studies of people with HIV may be able to fill data gaps. Analyses from Spain and France show that in the absence of surveillance data, the use of cohort data is feasible for identifying the prevalence of recent infection at national level. [START_REF] Hernando | Recent infections among newly diagnosed cases of HIV infection in Spain, 2015-2016. National estimates using cohort data[END_REF][START_REF] Guillou | Reaching the second and third Joint United Nations Programme on HIV/AIDS 90-90-90 targets is accompanied by a dramatic reduction in primary Human Immunodeficiency Virus (HIV) infection and in recent HIV infections in a large French nationwide HIV cohort[END_REF] This consensus definition of late HIV diagnosis has been endorsed by the EACS and adopted by the ECDC and WHO Regional Office for Europe. The European Surveillance System (TESSy) for HIV currently includes a variable on acute HIV infection, [START_REF]TESSy -The European Surveillance System -HIV/AIDS Reporting Protocol and Analysis Plan 2021[END_REF] which will be adapted based on this work. This will facilitate comparisons between countries and assessment of trends over time across Europe where possible. It will also allow for a more accurate assessment of the effectiveness of national HIV testing programmes in reaching people who are underserved.

Respondents from some Western European countries reported already adjusting their national late HIV diagnosis figures for recent infection. [START_REF] Sasse | Late presentation to HIV testing is overestimated when based on the consensus definition[END_REF][START_REF] Brännström | Deficiencies in the health care system contribute to a high rate of late HIV diagnosis in Sweden[END_REF][START_REF] Kirwan | Reassessing the late HIV diagnosis surveillance definition in the era of increased and frequent testing[END_REF] With regard to the extent that these adjustments have been found to affect late HIV diagnosis rates, there was variation by country and sub-population. A study from Belgium, showed that, in 2012, late HIV diagnosis dropped by 9%, from 42%, to 33%, after reclassification based on reported recent infection by clinicians. [START_REF] Sasse | Late presentation to HIV testing is overestimated when based on the consensus definition[END_REF] In the UK, late HIV diagnosis dropped by 7%, from 49% to 42% in 2019, following reclassification based on RITA testing and/or a negative test within the last 24 months. [START_REF] Kirwan | Reassessing the late HIV diagnosis surveillance definition in the era of increased and frequent testing[END_REF] In both Belgium and the UK, reclassification was more frequent among MSM compared to people who acquired HIV through heterosexual contact. [START_REF] Sasse | Late presentation to HIV testing is overestimated when based on the consensus definition[END_REF] Data from the national Swedish InfCareHIV registry between 2017 to 2021, showed that late HIV diagnosis dropped from 55% to 52% after reclassification of people with primary HIV infection and evidence of a negative HIV test within one year of HIV diagnosis to 'not late'. [START_REF] Brännström | EuroTEST HIV Late Diagnosis Definition Working Group Meeting[END_REF][START_REF] Brännström | Email to: S. Croxford (UKHSA) regarding InfCareHIV study[END_REF] In conclusion, adoption of this revised consensus definition of late HIV diagnosis by national health agencies, institutions and researchers is needed to ensure consistent monitoring of access to HIV testing. Reclassification of individuals with recent infection will help to reduce overestimation of late HIV diagnosis estimates and better identify populations most at risk of poor HIV outcomes and areas for intervention, to further expand and target HIV testing in the era of elimination of HIV transmission. International public health bodies, such as the ECDC and WHO, should continue to work with countries to improve reporting of data needed to reclassify late HIV diagnoses. Furthermore, collaboration between agencies responsible for national HIV surveillance and HIV clinical cohorts should be strengthened to try to address gaps in data availability.
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