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universal treatment of all people living with HIV (PLWH) [START_REF]Guideline on when to start antiretroviral therapy and on pre-exposure prophylaxis for HIV[END_REF]-also known as -Treat-All‖has improved access to life-saving antiretroviral therapy (ART), particularly in low-resource settings where ascertaining treatment eligibility based on CD4 levels constituted a barrier to timely treatment initiation [START_REF] Moorhouse | What is the role of CD4 count in a large public health antiretroviral programme? Southern African journal of[END_REF][START_REF] Peeling | Reprising the role of CD4 cell count in HIV programmes[END_REF]. Nevertheless, pre-ART CD4 testing remains essential for assessing patients' risk of opportunistic infections (OIs) and identifying patients with advanced HIV disease and elevated mortality risks who should be prioritized for differentiated care [START_REF] Ehrenkranz | The missed potential of CD4 and viral load testing to improve clinical outcomes for people living with HIV in lowerresource settings[END_REF][START_REF] Tenforde | Rapid antiretroviral therapy initiation in low-and middle-income countries: A resource-based approach[END_REF]. Pre-ART CD4 levels also provide important information for monitoring progress towards population health goals of earlier diagnosis and treatment of HIV [START_REF] Nash | How to Evolve the Response to the Global HIV Epidemic With New Metrics and Targets Based on Pre-Treatment CD4 Counts[END_REF][START_REF] Ford | The evolving role of CD4 cell counts in HIV care[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].

Despite its importance for guiding HIV care, since adoption of Treat-All, pre-ART CD4 testing is increasingly deprioritized in favor of scaling up viral load (VL) testing for patients on ART [START_REF] Ehrenkranz | The missed potential of CD4 and viral load testing to improve clinical outcomes for people living with HIV in lowerresource settings[END_REF][START_REF]Clinton Health Access Initiative (CHAI). The state of the HIV market in low-and middle-income countries[END_REF][START_REF]President's Emergency Plan for AIDS Relief (PEPFAR). 2018 Country Operational Plan Guidance for Standard Process Countries[END_REF]. The U.S. President's Emergency Fund for AIDS Relief (PEPFAR) has reduced support for pre-ART CD4 testing-even in settings where capacity for VL testing remains suboptimal [START_REF] Peeling | Reprising the role of CD4 cell count in HIV programmes[END_REF][START_REF] Tenforde | Rapid antiretroviral therapy initiation in low-and middle-income countries: A resource-based approach[END_REF][START_REF]President's Emergency Plan for AIDS Relief (PEPFAR). 2018 Country Operational Plan Guidance for Standard Process Countries[END_REF][START_REF]Clinton Health Access Initiative (CHAI). The state of the HIV treatment, testing, and prevention markets in low and middle-income countries[END_REF]-and studies suggest that pre-ART CD4 testing has decreased markedly in recent years [START_REF] Tymejczyk | Changes in rapid HIV treatment initiation after national "treat all" policy adoption in 6 sub-Saharan African countries: Regression discontinuity analysis[END_REF][START_REF] Zaniewski | Trends in CD4 and viral load testing 2005 to 2018: multi-cohort study of people living with HIV in Southern Africa[END_REF], raising concerns about potential negative consequences for patient care. While VL monitoring is recommended at 6 and 12 months after ART initiation and at least annually thereafter to ascertain treatment success or failure and to guide decisions regarding regimen switches and differentiated care strategies [START_REF] Lynen | Monitoring for treatment failure in patients on first-line antiretroviral treatment in resource-constrained settings[END_REF][START_REF] Sigaloff | Unnecessary antiretroviral treatment switches and accumulation of HIV resistance mutations; two arguments for viral load monitoring in Africa[END_REF][START_REF] Phillips | Sustainable HIV treatment in Africa through viral-load-informed differentiated care[END_REF][START_REF]Consolidated guidelines on the use of antiretroviral drugs for treating and preventing HIV infection: recommendations for a public health approach[END_REF], it is not a substitute for pre-ART CD4 testing and it has limited value for assessing disease progression and mortality risks for patients entering or re-engaging in care [START_REF] Lawn | Early mortality among adults accessing antiretroviral treatment programmes in sub-Saharan Africa[END_REF].

A c c e p t e d M a n u s c r i p t

The impact of national adoption of Treat-All policies on routine laboratory monitoring practices in HIV care is unknown. Using data from the International epidemiology Databases to Evaluate AIDS (IeDEA) research consortium, we estimated the effect of Treat-All policy adoption on pre-ART CD4 testing practices and on VL monitoring after ART initiation.

I. METHODS

Data sources and management

The IeDEA consortium pools observational clinical data on approximately 1. with IeDEA data definitions [START_REF] Duda | The IeDEA Data Exchange Standard: a common data model for global HIV cohort collaboration[END_REF].

Exposure and outcomes

The exposure of interest was enrollment in HIV care before versus on or after national adoption of the World Health Organization's (WHO) Treat-All recommendations. We identified the date when universal ART eligibility was extended to all adult patients in each country, based on policy documents, literature, and inputs from in-country experts, as described elsewhere [START_REF] Tymejczyk | Changes in rapid HIV treatment initiation after national "treat all" policy adoption in 6 sub-Saharan African countries: Regression discontinuity analysis[END_REF][START_REF] Tymejczyk | HIV treatment eligibility expansion and timely antiretroviral treatment initiation following enrollment in HIV care: A metaregression analysis of programmatic data from 22 countries[END_REF][START_REF] Brazier | Implementation of -Treat-all‖ at adult HIV care and treatment sites in the Global IeDEA Consortium: results from the Site Assessment Survey[END_REF].

Primary outcomes of interest were ( Countries: Countries where WHO's Treat-All policy was not officially adopted in national guidelines by December 2018 were excluded.

Other definitions

Age group: Adults were defined as ≥20 years at enrollment at an IeDEA site, with adolescents defined as 10-19 years, and children defined as <10 years.

Country income classification: Information on each country's income group in 2017-lowand lower-middle income (L/LMIC) versus high/upper-middle income (H/UMIC)-was compiled from World Bank databases [START_REF]World Bank list of economies[END_REF].

A c c e p t e d M a n u s c r i p t

Statistical analysis

We used descriptive statistics to summarize patient characteristics and the proportion of patients with laboratory monitoring outcomes of interest.

To estimate the effect of national Treat-All policy adoption on laboratory monitoring, we used a sharp regression discontinuity (RD) in time design [START_REF] Hausman | Regression Discontinuity in Time: Considerations for Empirical Applications[END_REF]. For all outcomes, we treated patients' date of enrollment in HIV care as a continuous treatment assignment variable, using the date of national Treat-All policy adoption as a cut-off threshold. Patients enrolling in care prior to the cut-off were considered unexposed to Treat-All, and those enrolling on or after the cut-off were considered exposed.

To assess key RD assumptions, we plotted the density of patients enrolling in HIV care, by month, and examined whether there was evidence of bunching of observations before or after national policy adoption, which would suggest manipulation of enrollment dates. We also used RD analysis to assess systematic differences in patient age and sex distributions before and after Treat-All adoption.

We examined the effect of Treat-All adoption on laboratory testing outcomes for each of the three age groups, stratified by country income level. We used local linear regression models [START_REF] Hahn | Identification and Estimation of Treatment Effects with a Regression-Discontinuity Design[END_REF] within data-driven Imbens-Kalyanaraman (IK) bandwidth intervals, derived using a rectangular (uniform) kernel [START_REF] Imbens | Optimal Bandwidth Choice for the Regression Discontinuity Estimator[END_REF], to estimate risk differences just before and just after Treat All adoption as:

[ | ] [ ] [ ] [28] 
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where Y i is the patient's probability of receiving the laboratory test, Z i is the number of days between patients' enrollment date and national Treat-All adoption date (negative for patients enrolling before Treat-All adoption), and 1[Z i ≥ 0)] indicates enrollment on or after the date of Treat-All adoption. Calculated using the subset of observations within IK bandwidth intervals, the effect of interest is the difference in local linear predictions at the threshold (i.e., as the threshold is approached from above versus below) [START_REF] Bor | Regression discontinuity designs in epidemiology: causal inference without randomized trials[END_REF].

In sensitivity analyses, we estimated risk differences at the threshold using the IK bandwidths +/-3 months, as well as IK bandwidths computed with a triangular kernel and with a secondorder polynomial term. We also estimated differences at the threshold controlling for unbalanced covariates among those enrolling before and after Treat-All adoption. To assess how the local average treatment effect varied with marginal changes in the date of Treat-All adoption, as might occur with heterogeneous site-level policy introduction within countries, we also estimated the treatment effect derivative (TED), which, under the local policy invariance assumption, is equivalent to the marginal threshold treatment effect (MTTE) [START_REF] Dong | Identifying the Effect of Changing the Policy Threshold in Regression Discontinuity Models[END_REF][START_REF] Cerulli | Testing Stability of Regression Discontinuity Models[END_REF][START_REF] Wing | Regression Discontinuity and Beyond:Options for Studying External Validity in an Internally Valid Design[END_REF]. Finally, for the VL monitoring outcome, we performed an additional sensitivity analysis that excluded patients enrolling in HIV care during the 9 months immediately prior to Treat-All adoption, as VL testing for these patients may have taken place after Treat-All introduction.

To examine trends in the percentage of patients with laboratory monitoring before and after Treat-All adoption, we compared slopes from linear models regressing testing against time for the two years before and after Treat-All adoption, using an interaction term to assess differences in percentage point changes per year (pp/yr) in testing in the pre-and post-Treat-All periods. 

II. RESULTS

Sample characteristics

Data 

Effect of Treat-All on pre-ART CD4 testing (RD analysis)

In L/LMICs, there was a substantial decrease in pre-ART CD4 testing after Treat-All adoption, with an 8.9 percentage point (pp) decrease (95% CI: -11.0, -6.8) among adults, from 57.0% of patients enrolling in care just before Treat-All adoption to 48.1% just afterwards (Table 2A and Figure 1[A]). Statistically non-significant decreases were observed among adolescents and children. In H/UMICs, where pre-ART CD4 testing was almost universal (90.1%) among adults just before Treat-All adoption, there was a small increase just afterwards (+1.6; 95% CI: +0.2, +3.0), with no changes among adolescents or children (Table 2B). TED estimates were near zero, and RD estimates were robust to alternative bandwidths (Table S2).

Trends in pre-ART CD4 testing before and after Treat-All (slope comparison)

During the two years before Treat-All adoption, pre-ART CD4 testing began decreasing among adult patients in L/LMICs (-2.1pp/yr; 95% CI: -2.9, -1.4), and the decrease accelerated markedly in the two years afterwards (-13.9 pp/yr; 95% CI: -14.7, -13.1) (Table 2A). Similar decreases in the average annual rate of pre-ART CD4 testing were observed in In H/UMICs, the rate of pre-ART CD4 testing was stable among all patients during the two years before Treat-All adoption, and it decreased among adults (-6.6pp/yr; 95% CI: -7.2, -5.9) and adolescents (-5.7 pp/yr; 95% CI: -9.1, -2.3) during the two years after Treat-All adoption, with no change among children (Table 2B).

VL monitoring after ART initiation

Overall 

Effect of Treat-All on VL monitoring (RD analysis)

There were statistically non-significant decreases in VL monitoring among adults, adolescents and children in L/LMICs after Treat-All adoption (Table 3A). In contrast, in H/UMICs, a small but significant increase in VL monitoring was observed among adults (+2.9pp; 95% CI: 0.5, 5.4), from 58.2% of patients enrolling in care just before Treat-All adoption to 61.1% just afterwards (Table 3B). No significant changes were observed among adolescents or children.

TED estimates were close to zero or non-significant. In H/UMICs, sensitivity analyses generated qualitatively consistent results (Table S3B). In L/LMICs, sensitivity analyses estimated with bandwidths larger than the IK bandwidths showed statistically significant Sensitivity analyses that excluded patients enrolling in the 9 months before Treat-All adoption also showed a significant decrease in VL monitoring among children in L/LMICs (-7.4pp; 95% CI: -13.1, -1.8), with no change among adults or adolescents (Table S3A and Figure S2).

VL monitoring trends before and after Treat-All (slope comparison)

While RD results showed no changes in VL monitoring after Treat-All adoption in L/LMICs, rates of VL monitoring, which began increasing prior to Treat-All, continued to increase among all age groups during the two years after Treat-All adoption, and the average annual rate of increase was significantly and markedly higher than during the two years prior (Table 3A and Figure 1[B]). In contrast, in H/UMICs where levels were already high, the average annual rate of VL monitoring among adults decreased slightly in the two years after Treat-All adoption-a change from pre-Treat-All trends (Table 3B). Among adolescents in H/UMICs, the rate of VL monitoring stopped increasing after Treat-All adoption, and there was no significant change in the rate of VL monitoring among adolescents and children in H/UMICs.

DISCUSSION

National adoption of Treat-All policies has been followed by substantial decreases in pre-ART CD4 testing among adults in L/LMICs, whereas there were small but significant increases in pre-ART CD4 testing among adults in H/UMICs. While the elimination of CD4 count-based eligibility requirements has improved access to life-saving HIV treatment in L/LMICs, decreases in pre-ART CD4 testing may be an unintended consequence of Treat-All A c c e p t e d M a n u s c r i p t adoption. These decreases may have substantial clinical importance in settings where many patients enroll in HIV care with advanced disease [START_REF] Iedea | Global Trends in CD4 Cell Count at the Start of Antiretroviral Therapy: Collaborative Study of Treatment Programs[END_REF] and are at risk of early mortality prior to and immediately after ART initiation [START_REF] Ehrenkranz | The missed potential of CD4 and viral load testing to improve clinical outcomes for people living with HIV in lowerresource settings[END_REF]. Without pre-ART CD4 testing, many who would benefit from differentiated care for advanced HIV, as well as screening, prophylaxis and treatment for OIs are unlikely to be identified [START_REF] Ehrenkranz | The missed potential of CD4 and viral load testing to improve clinical outcomes for people living with HIV in lowerresource settings[END_REF]. Although other studies have found no evidence that Treat-All adoption -crowds out‖ sicker patients [START_REF] Tymejczyk | Changes in rapid HIV treatment initiation after national "treat all" policy adoption in 6 sub-Saharan African countries: Regression discontinuity analysis[END_REF][START_REF] Tymejczyk | HIV treatment eligibility expansion and timely antiretroviral treatment initiation following enrollment in HIV care: A metaregression analysis of programmatic data from 22 countries[END_REF], the elimination of CD4 testing for ascertaining treatment eligibility may have led to declines in the quality of care for some HIV patients under Treat-All.

No changes in pre-ART CD4 testing were observed among children-results that are in line with expectations, as pediatric Treat-All policies were recommended by the WHO and incorporated into national treatment guidelines before ART eligibility expansions for older age groups [START_REF] Burrage | Trends in Antiretroviral Therapy Eligibility and Coverage Among Children Aged <15 Years with HIV Infection -20 PEPFAR-Supported Sub-Saharan African Countries, 2012-2016[END_REF]. Nonetheless, low rates of pre-ART CD4 testing in children in L/LMICS are concerning, as late diagnosis of HIV among children remains prevalent in low-resource settings because of gaps in capacity for early infant diagnosis and rapid disease progression among children [START_REF] Koller | Immunodeficiency in children starting antiretroviral therapy in low-, middle-, and high-income countries[END_REF][START_REF] Wools-Kaloustian | Time to First-Line ART Failure and Time to Second-Line ART Switch in the IeDEA Pediatric Cohort[END_REF][START_REF] Elyanu | Trends in advanced HIV disease and long-term outcomes of HIV infected children treated with antiretroviral therapy in Eastern and Southern Africa: 2003-2017[END_REF][START_REF]The European Pregnancy Paediatric HIV Cohort Collaboration Study Group in EuroCoord (EPPICC). Prevalence and Clinical Outcomes of Poor Immune Response Despite Virologically Suppressive Antiretroviral Therapy Among Children and Adolescents With Human Immunodeficiency Virus in Europe and Thailand: Cohort Study[END_REF]. Children living with HIV, particularly those entering care with advanced HIV, also have persistently high mortality rates [START_REF] Elyanu | Trends in advanced HIV disease and long-term outcomes of HIV infected children treated with antiretroviral therapy in Eastern and Southern Africa: 2003-2017[END_REF][START_REF] Bekker | Advancing global health and strengthening the HIV response in the era of the Sustainable Development Goals: the International AIDS Society & Lancet Commission[END_REF].

It could be theorized that decreases in pre-ART CD4 testing in L/LMICs reflect the reallocation of resources toward VL monitoring, which has long been recommended over CD4 testing for identifying treatment failure [START_REF]Consolidated guidelines on the use of antiretroviral drugs for treating and preventing HIV infection: recommendations for a public health approach[END_REF]. The use of a sharp RD design and real-world service delivery data across more than 200 HIV clinics in high-and low-resource settings are important strengths of this analysis. Analogous to a randomized controlled trial with perfect compliance when certain assumptions are met [START_REF] Bor | Regression discontinuity designs in epidemiology: causal inference without randomized trials[END_REF], this design provides support for interpreting differences in laboratory monitoring at the Treat-All threshold as causal effects. Important limitations should also be noted. First, limited data on patient characteristics restricted our ability to comprehensively assess differences between those enrolling in HIV care before and after Treat-All adoption. Where differences in the age and sex distributions of patients were observed, they were small in magnitude and did not influence effect estimates. Secondly, lags in clinic-level introduction of Treat-All policies relative to national policy adoption are known to have varied across clinics and countries included in this analysis, particularly in high-resource settings [START_REF] Brazier | Implementation of -Treat-all‖ at adult HIV care and treatment sites in the Global IeDEA Consortium: results from the Site Assessment Survey[END_REF]. Small and nonsignificant changes in laboratory monitoring may reflect the heterogeneous timing of Treat- All policy introduction at clinics in these settings. In L/LMICs, where we have previously found minimal lags in clinic-level introduction of national Treat-All policies [START_REF] Brazier | Implementation of -Treat-all‖ at adult HIV care and treatment sites in the Global IeDEA Consortium: results from the Site Assessment Survey[END_REF], our nearzero and non-significant TED estimates suggest that marginal differences in the timing of Treat-All introduction at the clinic level would have minimal influence on our effect estimates. Finally, pooling data from diverse clinics and settings within broad country income-group classifications likely masks substantial heterogeneity between ART programs and countries. Accordingly, further research to examine the impact of Treat-All adoption on laboratory testing practices at regional and national levels and by level of the health system is warranted, along with research on prophylactic treatment of OIs in settings where pre-ART CD4 testing is not performed. 

III. CONCLUSION

While
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  c c e p t e d M a n u s c r i p t INTRODUCTION Country-level adoption of the World Health Organization's 2015 recommendation for

  A c c e p t e d M a n u s c r i p t All statistical analyses were performed using STATA 15.1 (StataCorp, College Station, TX, USA).
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 t LMICs among adolescents in the two years after Treat-All adoption (-9.3pp/yr; 95% CI: -12.5, -6.0) and among children (-12.2pp/yr (95% CI: -15.8, -8.7).
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Table 1 )

 1 .Patients enrolling before and after national Treat-All adoption were similar with respect to age and sex (TableS1A-B), and no major discontinuities were observed in the numbers of patients enrolling in HIV care around the Treat-All threshold date for either analytic sample Among those enrolling in HIV care from 2006 and 2018 and initiating ART, the percentage with a pre-ART CD4 test was 67.1%, 58.1%, and 59.5% for adult, adolescent and pediatric patients, respectively, in L/LMICs and 89.4%, 83.8% and 71.0%, respectively, in H/UMICs (Table2A-B). In L/LMICs, the percentage of patients with pre-ART CD4 testing was markedly lower after Treat-All adoption, with smaller changes in H/UMICs.

	(Figure S1).

were available for 547,837 patients with ≥7 days of potential follow-up time after ART initiation who had enrolled in HIV care at 225 clinics/programs in 26 countries where WHO's Treat-All recommendation had been adopted. Of these, 492,980 patients had sufficient potential follow-up time for assessment of VL monitoring at 6 months after ART initiation.

Most patients were female (62.9%), with a median age at enrollment of 33.7 years (interquartile range 26.7-41.7). The majority of patients were from IeDEA cohorts in East and Southern Africa, and more than 80% had enrolled in care prior to Treat-All adoption (

  decreases in VL monitoring among adults, adolescents and children after Treat-All adoption.
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  Although rates of VL monitoring were increasing among all age groups in L/LMICs in the two years before Treat-All adoption, and the rate of change increased afterwards, with marked improvements by two years after Treat-All adoption, the lack of any immediate increases in VL monitoring in L/LMICs at Treat-All adoption likely reflects the limited capacity for viral load monitoring in these settings at the UMICs more than twice as likely as those in L/LMICs to have pre-ART CD4 testing and VL monitoring after ART initiation. These disparities were even larger among adolescents and children. Disparities in pre-ART CD4 testing have continued to widen after Treat-All adoption. Although disparities in VL monitoring appear to be lessened since Treat-All adoption, two years after Treat-All adoption, fewer than half of all patients in L/LMICs had a VL test 6 months after initiating ART.
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