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Abstract

Background: Perinatally HIV-infected adolescents (PHIVA) are an expanding population 

vulnerable to loss to follow-up (LTFU). Understanding the epidemiology and factors for LTFU is 

complicated by varying LTFU definitions.

Setting: Asian regional cohort incorporating 16 pediatric HIV services across six countries.

Methods: Data from PHIVA (aged 10-19 years) who received combination antiretroviral therapy 

(cART) 2007-2016 was used to analyze LTFU via: (i) an IeDEA method that determined LTFU as 

<90 days late for an estimated next scheduled appointment without returning to care; and (ii) the 
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absence of patient-level data for >365 days prior to last data transfer from clinic sites. Descriptive 

analyses and competing-risk survival and regression analyses were used to evaluate LTFU 

epidemiology and associated factors when analyzed using each method.

Results: Of 3,509 included PHIVA, 275 (7.8%) met IeDEA and 149 (4.3%) met 365-day 

absence LTFU criteria. Cumulative incidence of LTFU was 19.9% and 11.8% using IeDEA and 

365-day absence criteria respectively. Risk factors for LTFU across both criteria included: age at 

cART initiation <5 years compared to age ≥5 years, rural clinic settings compared to urban clinic 

settings, and high viral loads compared to undetectable viral loads. Age 10-14 years compared to 

age 15-19 years was another risk factor identified using 365-day absence criteria but not IeDEA 

LTFU criteria.

Conclusion: Between 12% and 20% of PHIVA were determined LTFU with treatment fatigue 

and rural treatment settings consistent risk factors. Better tracking of adolescents is required to 

provide a definitive understanding of LTFU and optimise evidence-based models of care.
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INTRODUCTION

A key component to achieving the ‘90-90-90’ target set by the United Nations Programme 

on HIV/AIDS (UNAIDS) is the retention of HIV-infected individuals in care on combination 

antiretroviral therapy (cART).1 Perinatally HIV-infected adolescents (PHIVA) represent an 

expanding population particularly vulnerable to being lost to follow-up (LTFU) as they deal 

with a chronic disease during a complex period of psychosocial development.2–6 

Furthermore, adolescents have to navigate transition from pediatric to adult HIV services, 

which poses significant challenges to their care continuum.7–9 Despite these widely 

acknowledged vulnerabilities, data regarding interventions to improve adolescent retention 

in care are limited.10 Existing data relating to LTFU are complicated by the various 

definitions for what constitutes being lost and the potential for return to care. However, in 

the absence of routinely collected information on scheduled clinic appointments analyses on 

LTFU rely on such agreed definitions, which has implications for interpreting data relating 

to the epidemiology and associated factors for LTFU to guide interventions.

Traditionally, analyses conducted within TREAT (Therapeutics Research, Education, and 

AIDS Training) Asia cohorts have defined LTFU as no observed visit for more than 365 

days before the date of the last data transfer from clinic sites to a centralized database. This 

definition may not accurately depict specific clinic follow-up practices and is likely to 

provide a conservative estimate of LTFU. The International epidemiology Databases to 

Evaluate AIDS (IeDEA) consortium has developed a method designed to capture LTFU in 

the context of having no routinely collected data regarding a patient’s next scheduled clinic 

appointment.11 This uses patient and clinic visit schedules to estimate a next scheduled 

clinic appointment, and categorises patients who are more than 90 days late for their next 

estimated scheduled appointment as being LTFU.11 To date, this methodology has only been 

published in a largely adult sub-Saharan African cohort, and the validity of this methodology 
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in other regions and in pediatric settings remains uncertain. However, the capacity to 

individualize follow-up schedules is appealing as it has the scope to provide a more precise 

assessment of LTFU compared to fixed-time definitions.

The purpose of this study is to analyze LTFU for PHIVA in the TREAT Asia pediatric cohort 

using both the IeDEA and traditional TREAT Asia definitions to compare the cumulative 

incidence and associated factors for LTFU and describe the characteristics of PHIVA who 

met one but not both LTFU criteria.

METHODS

The TREAT Asia pediatric HIV Observational Database (TApHOD) of IeDEA Asia-Pacific 

was established in 2007 as a regional collaboration evaluating HIV management and 

outcomes in Asian children and adolescents. The study involves the collection of data during 

routine HIV care across 16 pediatric HIV services in Asia (Cambodia=1, India=1, 

Indonesia=2, Malaysia=4, Thailand=5, and Vietnam=3), including demographics, HIV 

diagnosis, laboratory results, World Health Organization (WHO) clinical events, 

antiretroviral regimens and adverse events. Data are transferred to a centralized database at 

the Kirby Institute (University of New South Wales, Sydney, Australia) for management and 

statistical analysis. Full details of the collaboration are reported elsewhere.12 For this 

analysis, any PHIVA aged 10–19 years that ever received cART through the TApHOD 

network between January 2007 and December 2016 were included. Ethics approvals were 

obtained through the human research ethics committees at participant sites, Kirby Institute, 

and the coordination center at TREAT Asia/amfAR (Bangkok, Thailand).

Definitions

The adolescent age range, and period of adolescence, was defined as 10–19 years of age. 

Year of enrolment referred to the calendar year at which participants were first enrolled in 

care at a TApHOD clinic site. Orphan status was based on having both biological parents 

either deceased or alive. Combination antiretroviral therapy was defined as an antiretroviral 

regimen incorporating at least three antiretroviral agents of any class. Switch to a subsequent 

cART regimen was defined as either a change in antiretroviral drug class, the addition of a 

new antiretroviral class, or a change in at least two antiretroviral agents. Using IeDEA 

methodology,11 the estimated next scheduled clinic appointment date was calculated by 

adding the interval between the participant’s last two clinic visits to their last clinic visit 

date. To account for extreme variations in visit interval, if the participant’s visit interval fell 

outside the 25th-95th percentile range for their clinic’s visit interval based on year of 

antiretroviral therapy the median visit interval for that clinic and year of antiretroviral 

therapy was added to the participant’s last clinic date to obtain their estimated next 

scheduled appointment date.11 Loss to follow-up using IeDEA criteria (IeDEA LTFU) was 

defined as being more than 90 days late for an estimated next scheduled clinic appointment 

and did not return to care prior to date of last data transfer from clinic sites, with the date of 

LTFU defined as 90 days after the estimated next scheduled clinic appointment date.11 

Traditional TREAT Asia LTFU criteria was defined as more than a 365-day absence of data 

prior to date of last data transfer from clinic sites (365-day absence LTFU), with the date of 
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LTFU was defined as 365 days following the last clinic visit. Transfer to another HIV 

service was identified through clinic sites reporting transfer of the participant to another HIV 

service. HIV viral suppression was defined as site-reported “undetectable” HIV viral load. 

The beginning of follow-up (baseline) was either the participant’s 10th birthday or first clinic 

visit for those who commenced care after their 10th birthday. The end of the study period 

was defined as the date of last data transfer from clinic sites to the centralized database, 

which incorporated data up to December 2017 to permit at least a possible 365 days of 

observation for adolescents who ever received cART from 2007 to 2016.

Statistical analysis

Descriptive analyses were used to report demographic and clinical characteristics at baseline 

and last clinic visit for the whole study population, PHIVA who met IeDEA LTFU criteria, 

PHIVA who met 365-day absence LTFU criteria, and PHIVA who met one but not both 

LTFU criteria. For CD4, HIV viral load, and WHO clinical stage values, the most recent 

result within a 365-day period prior to baseline and last clinic visit were reported. 

Competing-risk (Fine and Gray method)13 survival analyses, with death as a competing risk, 

were used to determine the cumulative incidence of being LTFU using both IeDEA and 365-

day absence criteria. The period of observation began at baseline and finished at either the 

date of last data transfer from clinic sites if remained in care, date of transfer, date of death, 

or date of LTFU. Participants who remained in care at 20 years of age were censored on the 

day prior to their 20th birthday. A competing-risk regression analysis (Fine and Gray 

method),13 with death as a competing risk, was used to determine the subdistribution hazard 

ratio (SHR) and adjusted SHR (aSHR) with 95% confidence intervals (CI) for factors 

associated with LTFU using both IeDEA and 365-day absence criteria. Covariates included 

age, sex, clinic setting, orphan status, primary caregiver, age at cART initiation, CD4 count, 

HIV viral load, WHO clinical stage, and cART regimen (first or subsequent). Age, CD4 

count, and HIV viral load were analysed as time-updated variables. Covariates with a p-

value of <0.2 on univariate analysis were included in multivariate analyses. Multivariate 

analyses were conducted in a stepwise fashion maintaining covariates that retained a p-value 

of 0.05. For variables that did not remain significant in the multivariate analyses, aSHRs 

were obtained by including and removing each insignificant variable to the final model. 

Unknown or missing data were included in the analyses as a separate category within each 

variable. A sensitivity competing-risk regression analysis (Fine and Gray method)13 was 

also conducted, with death and transfer as competing risks, to evaluate factors associated 

with LTFU using IeDEA and 365-day absence criteria. All statistical analyses were 

performed using Stata version 14.2 (StataCorp LP, College Station, Texas, US).

RESULTS

There were 3,650 PHIVA enrolled in care within the TApHOD network between 1st January 

2007 and 31st December 2016, of which 3,509 (96.1%) had received cART during this 

period and were included in the study. Of the 3,509 PHIVA included in the study 2,865 

(81.7%) were enrolled in care prior to ten years of age and 644 (18.4%) were enrolled in 

care at ten years of age or older. The median period between baseline and last reported clinic 

visit for the entire study population was 5.3 [interquartile range (IQR) 3.2, 7.8] years. There 
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were 141 (4.0%) PHIVA who did not receive cART during the study period and were 

excluded from the study. There was a similar proportion of males in the excluded and 

included populations (44.7% vs 49.3%, Chi-square test p=0.28); but the excluded population 

had a higher proportion managed in a rural clinic setting (34.8% vs 6.1%, Chi-square test 

p<0.001), had a lower baseline median CD4 count (532 cells/μL vs 700 cells/μL, Kruskal-

Wallis test p<0.001), and a lower proportion of undetectable baseline HIV viral loads 

(17.0% vs 34.3%, Chi-square test p<0.001) compared to the included population.

Figure 1 outlines the outcomes of the study population using IeDEA and 365-day absence 

LTFU criteria. Using IeDEA LTFU criteria, there were 275 (7.8%) PHIVA who were LTFU 

at a median age of 16.1 [IQR 13.8, 17.9] years. There was a total 19,326.2 person-years 

observation, resulting in an IeDEA LTFU rate of 1.42 [95%CI 1.26, 1.60] per 100 person-

years. Using 365-day absence LTFU criteria, there were 149 (4.3%) PHIVA LTFU at a 

median age of 15.7 [IQR 13.5, 17.5] years. There was a total 19,411.7 person-years 

observation, resulting in a 365-day absence LTFU rate of 0.77 [95%CI 0.65, 0.90] per 100 

person-years. Table 1 summarises the demographic and clinical characteristics at baseline 

and last clinic visit for the total study population, PHIVA who met IeDEA LTFU criteria, 

and PHIVA who met 365-day absence LTFU criteria.

Figure 2 demonstrates the cumulative incidence of LTFU using IeDEA and 365-day absence 

criteria. Using IeDEA LTFU criteria, the 5-year cumulative incidence of LTFU was 4.2% 

[95%CI 3.5, 5.0] and the 10-year cumulative incidence of LTFU was 19.9% [95%CI 17.3, 

22.7]. Using 365-day absence criteria, the 5-year cumulative incidence of LTFU was 2.3% 

[95%CI 1.7, 2.9] and the 10-year cumulative incidence of LTFU was 11.8% [95%CI 9.7, 

14.2].

Factors associated with LTFU

On multivariate competing-risk regression analysis (with death as a competing risk) the 

following factors were found to be associated with a higher risk of IeDEA LTFU: rural clinic 

settings compared to urban clinic settings (aSHR 1.9 [95%CI 1.2, 3.1]); and a last HIV viral 

load ≥10,000 copies/mL compared to an undetectable last HIV viral load (aSHR 1.9 [95%CI 

1.4, 2.7]) (Table 2). A lower risk of IeDEA LTFU was associated with commencing cART at 

age ≥5 years compared to at age <5 years (age 5–9 years vs age <5 years aSHR 0.4 [95%CI 

0.3, 0.6]; age ≥10 years vs age <5 years aSHR 0.3 [95%CI 0.2, 0.4]). Using 365-day absence 

LTFU criteria, the following factors were associated with a higher risk of LTFU: rural clinic 

settings compared to urban clinic settings (aSHR 3.0 [95%CI 1.6, 5.5]); and a last HIV viral 

load ≥1,000 copies/mL compared to an undetectable last HIV viral load (1,000–9,999 

copies/mL vs undetectable aSHR 2.4 [95%CI 1.3, 4.2]; ≥10,000 copies/mL vs undetectable 

aSHR 2.3 [95%CI 1.5, 3.8]). A lower risk of LTFU was associated with current age 15–19 

years compared to current age 10–14 years (aSHR 0.2 [95%CI 0.1, 0.5); and commencing 

cART age ≥5 years compared to age <5 years (age 5–9 years vs age <5 years aSHR 0.5 

[95%CI 0.3, 0.8]; age ≥10 years vs age <5 years aSHR 0.5 [95%CI 0.3, 0.8]).

In the sensitivity analysis, a multivariate competing-risk regression analysis (with death and 

transfer as competing risks), consistent factors including rural clinic settings compared to 

urban clinic settings and high last HIV viral loads compared to undetectable last HIV viral 
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loads were associated with a higher risk of LTFU for both IeDEA and 365-day absence 

criteria. Similarly, commencing cART at age ≥5 years compared to at age <5 years was 

associated with a lower risk of LTFU for both IeDEA and 365-day absence criteria. Current 

age was the only factor between the primary and sensitivity regression analyses that differed, 

with current age 15–19 years compared to 10–14 years associated with a higher risk of 

LTFU using IeDEA criteria, and current age not found to be a significant factor using 365-

day absence criteria (data available on request).

Discrepant LTFU population

There were 134 PHIVA who met IeDEA LTFU criteria but not 365-day absence LTFU 

criteria. Of these, 88 (65.7%) were age 15–19 years; 8 (6.0%) were managed in a rural clinic 

setting; 81 (60.5%) remained on their first cART regimen; 106 (79.1%) had a last CD4 count 

≥500 cells/μL; and 93 (69.6%) had a last HIV viral load as undetectable. The median 

interval between their last clinic visit and estimated next scheduled appointment was 84 

[IQR 78, 105] days; while the median interval between their last clinic visit and end of the 

study period was 239 [IQR 200, 273] days. There were two PHIVA who met 365-day 

absence LTFU criteria but not IeDEA LTFU criteria. Both PHIVA had been on cART for 

over 10 years, with their last CD4 counts ≥500 cells/μL and last HIV viral loads 

undetectable.

DISCUSSION

This study addresses the impact variations in LTFU definitions have on understanding the 

epidemiology and factors associated with LTFU and identifies consistent challenges to 

retaining Asian PHIVA in care. The IeDEA criteria provided a less conservative estimate of 

LTFU compared to the 365-day absence criteria, largely reflecting the shorter time period 

following a last clinic visit to be determined LTFU in a bid to provide a more individualized 

approach to determining LTFU. This raises concerns for overemphasising the true burden of 

LTFU using IeDEA criteria, however the 5-year cumulative incidence of LTFU using either 

method in our cohort was more conservative than the cumulative incidence of LTFU at age 

15 years in South and South East Asia of 7.1% demonstrated by a recent multi-regional 

analysis that used a 365-day absence LTFU criteria.5 The lower cumulative incidence of 

LTFU in our analysis is likely due to only including adolescents who had received cART and 

having a more confined and contemporary study period (2007–2016 compared to 1999–

2014).

The increased risk of LTFU associated with earlier age at cART initiation and poor virologic 

control consistent across both LTFU criteria raises concerns for treatment fatigue in our 

PHIVA cohort, and is in keeping with the identified relationship between retention in care 

and treatment adherence.10,14 Furthermore, there were only around 50% of the total PHIVA 

cohort with an undetectable HIV viral load within 12 months prior to their last clinic visit 

(and about 30% who had not had a HIV viral load test within the last 12 months). This 

identifies the need to develop models of care that address the various biopsychosocial 

components of chronic disease management in conjunction with the specific needs of 

adolescents to maintain the motivation to attend HIV health services and adherence to cART. 
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There is emerging evidence for the role of adolescent-specific clinics, involving staff trained 

in adolescent health and adolescent peer-support programs, to improve retention in care and 

virologic outcomes in adolescents in sub-Saharan Africa.14–16 In addition, there are 

promising results for adolescent-specific gatherings, incorporating a holistic approach to 

well-being through health education, psychosocial support, socioeconomic empowerment, 

and recreational activities, that are run in conjunction with these adolescent-specific clinics.
15,16 The higher risk of LTFU consistently identified with rural treatment settings in our 

cohort further advocates for a considered approach toward adolescent-friendly services 

outside of centralized specialist HIV services, but may also in part reflect differentiated 

models of cares for rural clinics attempting to access remote patients with infrequent 

attendance at the designated rural clinic.

Age was the only discrepant associated factor identified for LTFU. In the primary 

competing-risk regression analysis (with death as a competing risk), the younger adolescent 

age group were at higher risk of LTFU using 365-day absence criteria, which may reflect a 

survival bias associated with those who are retained in care into older adolescence 

continuing to being engaged in care. The fact age was not an associated factor using IeDEA 

LTFU criteria may in part be due to overestimating LTFU for clinically stable older 

adolescents who move to longer clinic intervals that would render them LTFU based on 

estimated scheduled clinic appointments derived from previous shorter clinic intervals. 

However, our sensitivity competing-risk regression analysis (with death and transfer as 

competing risks) using IeDEA criteria found that older adolescents were at higher risk of 

LTFU, while age was not a risk factor using 365-day absence criteria. These discrepancies 

highlight the impact of the transition period from adolescent to adult HIV care in analysing 

adolescent LTFU. Findings from adolescent cohorts in India17 and Malawi15 indicated a 

higher risk of LTFU for the older adolescent age group. However, the Indian cohort (which 

incorporated death as competing risk in the regression analysis) included only adolescents 

who had commenced antiretroviral therapy during adolescence with a median age at baseline 

of 13 years, and had a LTFU definition of missing three consecutive monthly clinic 

appointments;17 and the Malawi cohort (that did not incorporate competing risks in the 

regression analysis) had determined LTFU as not returning to clinic within two months after 

being expected to run out of antiretroviral therapy.15

The majority of PHIVA who met one but not both LTFU criteria had met IeDEA but not 

365-day absence criteria, which was largely due to the shorter time period following a last 

clinic visit to meet IeDEA compared to 365-day absence LTFU criteria. These were 

relatively well and mainly older adolescents, which could reflect a change in practice for 

stable PHIVA from regular frequent clinic appointments to longer clinic intervals, the 

introduction of differentiated care models for stable PHIVA with less frequent formal clinic 

visits, or undocumented self-transfers (to either other pediatric or adult HIV services). Better 

tracking of adolescents, particularly as they navigate transition from pediatic to adult HIV 

services, is required to better understand LTFU and develop local evidence-based models of 

care to maintain an uninterrupted care continuum and optimize outcomes from adolescence 

to early adulthood.7–9 This is particularly the case for low- and middle-income countries, 

where health infrastructure is limited and current healthcare systems are not well adapted to 

managing the specific needs of an expanding population of HIV-infected adolescents.6,8
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The limitations of this study include the observational nature of the study, involving variable 

periods of observation for each participant and the risk of incomplete and inconsistent data 

reporting. Also, this analysis only included adolescents who received cART and therefore 

more likely to be engaged in care, which could lead to an underestimation of LTFU in our 

overall PHIVA cohort. There was no tracing conducted to confirm LTFU, nor any prior 

tracing studies in our cohort to provide estimations to account for undocumented mortality 

and self-transfers. However, by taking a dual approach using relatively standard fixed-time 

criteria and a method that individually estimates LTFU from observational databases, this 

study provides a detailed and contemporary analysis of LTFU for PHIVA in Asia.

In conclusion, between 12% and 20% of PHIVA in our cohort are LTFU throughout 

adolescence, with consistency in the challenges associated with treatment fatigue and rural 

treatment settings identified irrespective of LTFU definition. Ongoing discrepancies in 

epidemiology and associated factors with varying LTFU definitions, particularly for 

adolescents as they navigate transition to adult HIV services, provides impetus for better 

tracking to provide a more definitive understanding of LTFU and establish evidence-based 

models of care to optimize outcomes for adolescents living with HIV.
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Figure 1. Outcomes for study population using IeDEA and 365-day absence loss to follow-up 
criteria.
IeDEA = International epidemiology Databases to Evaluate AIDS. LTFU = loss to follow-

up.
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Figure 2. Cumulative incidence of loss to follow-up throughout adolescence for IeDEA and 365-
day absence criteria.
IeDEA = International epidemiology Databases to Evaluate AIDS. LTFU = loss to follow-

up.
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Table 2.

Characteristics associated with loss to follow-up for IeDEA and 365-day absence criteria.

IeDEA LTFU 365-day absence LTFU

aSHR [95%CI] p aSHR [95%CI] p

Age (years)

 10–14 1.0 1.0

 15–19 0.6 [0.2, 1.4] 0.23 0.2 [0.1, 0.5] <0.001

Sex

 Male 1.0 1.0

 Female 0.8 [0.6, 1.0] 0.09 0.8 [0.5, 1.1] 0.13

Clinic setting

 Urban 1.0 1.0

 Semi-rural 0.8 [0.6, 1.1] 0.14 1.1 [0.8, 1.7] 0.50

 Rural 1.9 [1.2, 3.1] 0.01 3.0 [1.6, 5.5] <0.001

Orphan

 No NS NS

 Yes NS NS

Primary carer

 Immediate family 1.0 1.0

 Extended family 0.9 [0.7, 1.3] 0.60 0.9 [0.6, 1.4] 0.64

 Foster care 1.3 [0.9, 1.8] 0.21 1.4 [0.8, 2.3] 0.23

Age at cART initiation

 <5 years 1.0 1.0

 5–9 years 0.4 [0.3, 0.6] <0.001 0.5 [0.3, 0.8] 0.002

 ≥10 years 0.3 [0.2, 0.4] <0.001 0.5 [0.3, 0.8] 0.003

cART regimens

 1 1.0 NS

 ≥2 1.1 [0.8, 1.4] 0.65 NS

CD4 count (cells/μL)

 ≥500 1.0 1.0

 350–499 0.9 [0.6, 1.4] 0.74 1.6 [1.0, 2.5] 0.05

 200–349 1.1 [0.7, 1.8] 0.78 1.2 [0.7, 2.4] 0.50

 <200 0.8 [0.5, 1.5] 0.49 0.8 [0.3, 1.9] 0.60

HIV viral load (copies/mL)

 Undetectable 1.0 1.0

 Detectable <1,000 1.2 [0.8, 1.8] 0.41 1.3 [0.7, 2.4] 0.44

 1,000–9,999 1.5 [0.9, 2.5] 0.09 2.4 [1.3, 4.2] 0.003

 ≥10,000 1.9 [1.4, 2.7] <0.001 2.3 [1.5, 3.8] <0.001

WHO clinical stage

 I/II NS NS NS
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IeDEA LTFU 365-day absence LTFU

aSHR [95%CI] p aSHR [95%CI] p

 III/IV NS NS NS

aSHR = adjusted subdistribution hazard ratio. cART = combination antiretroviral therapy. CI = confidence interval. IeDEA = International 
epidemiology Databases to Evaluate AIDS. LTFU = loss to follow-up. NS = not significant on univariate analysis. WHO = World Health 
Organization.
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