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Summary

Background—Multistage, stepwise HIV testing and treatment procedures can result in lost 

opportunities to provide timely antiretroviral therapy (ART). Incomplete engagement of patients 

along the care cascade translates into high preventable mortality. We aimed to identify whether a 

structural intervention to streamline testing and linkage to HIV health care would improve testing 

completeness, ART initiation, and viral suppression and reduce mortality.

Methods—We did a cluster-randomised, controlled trial in 12 hospitals in Guangxi, China. All 

hospitals were required to be level 2A county general hospitals and ART delivery sites. We 

selected the 12 most similar hospitals in terms of structural characteristics, past patient caseloads, 

and testing procedures. Hospitals were randomly assigned (1:1) to either the One4All intervention 

or standard of care. Hospitals were randomised in a block design and stratified by the historical 

rate of testing completeness of the individual hospital during the first 6 months of 2013. We 

enrolled patients aged 18 years or older who were identified as HIV-reactive during screening in 

study hospitals, who sought inpatient or outpatient care in a study hospital, and who resided in the 

study catchment area. The One4All strategy incorporated rapid, point-of-care HIV screening and 

CD4 counts, and in-parallel viral load testing, to promote fast and complete diagnosis and staging 

and provide immediate ART to eligible patients. Participants in control hospitals received standard 

care services. All enrolled patients were assessed for the primary outcome, which was testing 

completeness within 30 days, defined as completion of three required tests and their post-test 

counselling. Safety assessments were hospital admissions for the first 90 days and deaths up to 12 

months after enrolment. This trial is registered with ClinicalTrials.gov, number NCT02084316.

Findings—Between Feb 24 and Nov 25, 2014, we enrolled 478 patients (232 in One4All, 246 in 

standard of care). In the One4All group, 177 (76%) of 232 achieved testing completeness within 

30 days versus 63 (26%) of 246 in the standard-of-care group (odds ratio 19·94, 95% CI 3·86–

103·04, p=0·0004). Although no difference was observed between study groups in the number of 

hospital admissions at 90 days, by 12 months there were 65 deaths (28%) in the in the One4All 

group compared with 115 (47%) in the standard-of-care group (Cox proportional hazard ratio 

0·44, 0·19–1·01, p=0·0531).

Interpretation—Our study provides strong evidence for the benefits of a patient-centred 

approach to streamlined HIV testing and treatment that could help China change the trajectory of 

its HIV epidemic, and help to achieve the goal of an end to AIDS.
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Introduction

Many patients are lost at each step along the HIV care cascade.1 The current standard-of-

care pathway from screening to starting of antiretroviral therapy (ART) in China involves 

multiple hospital visits, separate blood draws, and protracted waiting periods, resulting in 

substantial loss to follow-up, delays in diagnosis, incomplete clinical assessment, and late 

treatment initiation.2,3 In some parts of China, only 43% of those who were HIV-reactive in 

hospital settings were reported to have received confirmatory testing.3 Furthermore, only 

57% of individuals who had confirmed HIV infections received CD4 counts within 6 

months.4 Because CD4 counts have been used to determine ART eligibility, nearly 80% of 

patients with newly identified HIV infections who were eligible for ART were not engaged 

in timely treatment. These missed opportunities for engagement in HIV care ultimately lead 

to high mortality.2,5

For people living with HIV to benefit fully from ART, it is crucial that they become aware of 

their status, have access to counselling, receive treatment, and adhere to their regimens.6 We 

sought to address this issue by assessing a streamlined pathway for patients from presenting 

as HIV-reactive during screening to initiating ART. Moreover, we selected Guangxi Zhuang 

Autonomous Region, south China (hereafter referred to as Guangxi) as the setting for our 

study because it reported the highest numbers of newly reported HIV and AIDS cases and 

the highest number of AIDS-related deaths in 2011.5 We did a cluster-randomised controlled 

trial in 12 hospitals in Guangxi to test the effectiveness of a structural intervention: the 

One4All strategy. This strategy consisted of a new algorithm incorporating rapid, point-of-

care HIV screening and CD4 counts, and in-parallel viral load testing to promote fast and 

complete diagnosis and staging, followed by immediate counselling and ART initiation for 

eligible patients.

Methods

Study design and participants

We used a cluster-randomised trial study and selected and randomised 12 similar county 

hospitals in Guangxi, China, and assigned them to either the intervention (One4All) or 

control (standard-of-care) group. All hospitals were required to be level 2A county general 

hospitals and ART delivery sites. We selected the 12 most similar hospitals in in terms of 

structural characteristics, past patient caseloads, and testing procedures (appendix p 1).3,7

The National Institute on Drug Abuse (NIDA) Protocol Review Board and Data and Safety 

Monitoring Board, as well as respective institutional review boards of the University of 

California, Los Angeles, CA, USA, and the National Center for AIDS/STD Control and 

Prevention at the China CDC reviewed and approved the trial protocol and consent process. 

The protocol is published on CTNDisseminationLibrary.org, and in a publication by Mao 

and colleagues.7
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We enrolled patients who were HIV-reactive during screening at study hospitals who met 

eligibility criteria. Eligible patients were aged 18 years or older, had two reactive HIV EIA 

screening test results, sought inpatient or outpatient care in a study hospital, and resided or 

intended to reside within the study catchment area. We excluded individuals if they had 

previously received confirmation of HIV infection in any setting, were prisoners or detainees 

at the time of screening, or were pregnant.

We enrolled all patients meeting eligibility requirements. After enrolment, we obtained basic 

demographic information. Participant responses were unlimited, self-reported, and not 

independently verified. We also obtained self-reported risk behaviour information and self-

reported information on how the patient’s HIV was acquired. We informed participants of 

data collection procedures and provided opportunities to ask questions and opt out of study 

participation. Patients could refuse to participate or share data. However, we still counted 

their enrolment toward the total number of study participants. We kept all study data 

confidential. We did not provide study-related reimbursement for participants or obtain 

individual informed consent.

Randomisation

The 12 county hospitals were selected by the China study team. The NIDA Data and 

Statistics Center (The Emmes Corporation) randomly assigned hospitals (1:1) to either the 

intervention group or the control group with a block design, stratified by the hospitals’ 

historical rate of testing completeness during the first 6 months of 2013 (either <20% 

[observed in eight hospitals] or ≥20% [observed in four hospitals]). This was an open-label 

study.7

Procedures

The One4All intervention included rapid, point-of-care HIV EIA screening and CD4 testing, 

with in-parallel viral load testing to facilitate completeness of diagnostic assessment and 

accelerate time to ART initiation for those who were deemed eligible (threshold for 

treatment at the time of this study was CD4 count of ≤350 cells per μL). The appendix (p 2) 

shows the differences in the pathways between One4All and standard-of-care groups.

For screening for HIV reactivity, the initial screening test in both the One4All intervention 

and standard-of-care groups was the Wantai Screening HIV (1+2) Ag&Ab EIA (Beijing 

Wantai Manufacturer of Infectious Diseases Diagnostics). This screen was followed by two 

additional screens; in the One4All group this was done with the Determine HIV-1/2 rapid 

test (Abbott Laboratories) and the InTec HIV rapid test (Xiameng InTec Products, Inc), 

whereas the standard-of-care group did these screens with different EIAs that varied 

between sites.

For confirmation of screening results in the One4All group, we used a viral load test. We 

obtained blood samples for viral load testing immediately after a positive HIV-reactivity test. 

We sent plasma samples for viral load testing to the provincial Center for Disease Control 

and Prevention (CDC). Laboratory testing required 10–15 days. We contacted participants 

and asked them to return to the study hospital to receive their results. For the standard-of-

care group we obtained an additional blood sample immediately after screening or on a 
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subsequent study hospital visit and sent it to the local city CDC for western blot 

confirmatory testing. Because confirmatory testing took about 10–15 days, inpatient 

participants were usually discharged from the study hospital, and we contacted them later by 

telephone and asked them to return to the hospital to receive their results.

CD4 cell counts were completed in both study groups. For the One4All group, point-of-care 

CD4 testing was done at the same time as the viral load blood draw with a point-of-care 

Pima CD4 Analyzer (Alere Healthcare, Boston, MA, USA) using whole blood samples. 

Results were available within 30 min. We notified participants of their results as soon as 

possible, but no later than the next day. For the standard-of-care group, on receipt of western 

blot results from the city CDC, we asked participants to return to the study hospital for 

another blood draw for CD4 testing. We sent blood specimens to the city CDC for CD4 

testing, which required about 10–15 days. We again asked participants to return to the study 

hospital to receive their CD4 results.

We obtained blood samples for viral load testing at the study hospital and did viral load 

testing about 1 year after ART initiation in both study groups.

Outcomes

The primary outcome was testing completeness within 30 days from the date of initial HIV-

reactive screening. We defined testing completeness as completion of three required tests 

and their post-test counselling. These tests comprised the initial HIV screening (one to two 

tests in the One4All group and two to four in the standard-of-care group), CD4 testing, and 

confirmatory HIV testing by viral load in the One4All group and by western blot in the 

standard-of-care group. The secondary outcome was ART initiation within 90 days from the 

date of initial HIV-reactive screening. We defined ART initiation as the receipt of the first 

ART prescription. Tertiary outcomes included viral suppression (defined as ≤200 copies per 

mL) and mortality at 12 month follow-up. In our original protocol, we had planned to 

compare outcomes between drug users and non-users; however, insufficient numbers of drug 

users were enrolled, which precluded our ability to do this comparison. Data collection on 

safety was limited to all patients admitted to hospital during the first 90 days after enrolment 

and deaths up to 12 months after enrolment.

Statistical analysis

We selected a minimum sample size of 180 participants per group, across 12 hospitals (30 

patients per hospital), to achieve 93% power based on a one-sided test (α=0·05) to detect a 

difference between the group proportions of 0·28; under the alternative hypothesis, we 

assumed the One4All group proportion to be 0·50 and the control group proportion to be 

0·22. This calculation assumed an intraclass correlation within hospitals of 0·082 based on 

historical testing completeness rates of the 12 study hospitals in a preliminary study done 

during the first 6 months of 2013.3

The primary outcome was the proportion of participants who achieved testing completeness 

within 30 days from the initial HIV-reactive screening among all enrolled participants, 

including those who missed the 30 day follow-up (denominator). The secondary and tertiary 

outcomes were measured in the same way. For example, the viral suppression outcome was 
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the proportion of participants who achieved viral suppression at 12 months among all 

enrolled participants, including those who missed the 12 month follow-up and those who 

refused viral load testing. None of the participants who achieved the endpoints had missing 

data.

We compared the primary outcome between the two groups with G-side GLIMMIX 

modelling, because this method adjusts for both the hospital-clustering effect to account for 

intraclass correlation and baseline participant-level and hospital-level confounding factors. 

The participant-level factors we included in the model were age, gender, ethnic origin, 

education, occupation, marital status, HIV transmission route, and treatment setting (ie, 

whether the patient received treatment in an inpatient or outpatient setting). The hospital-

level baseline factor included was historical testing completion rate. To assess the 

consistency of the primary outcome results, we also used a χ2 test adjusted for clustering to 

measure the association between treatment group and the primary outcome,8 although this 

method does not account for baseline confounders. We did secondary analyses of the 

primary outcome measure as a waiting time analysis, examining time from initial reactive 

screen to testing completeness. For this waiting time analysis, we censored participants who 

did not meet the testing completeness criteria at their last follow-up dates. We used Kaplan-

Meier curves to display survival differences between the two groups over time.

In comparing differences in baseline characteristics between the two groups, for categorical 

data, we did a χ2 test adjusted for clustering for binary variables. When baseline categorical 

variables had more than two responses, we calculated an adjusted p value by referring the 

observed (unadjusted) χ2 value to the distribution of those obtained by randomly permuting 

observed treatments between hospitals, with the adjusted p value defined as the proportion 

of permuted χ2 values at least as large as those observed. To test between-group differences 

in continuous data, we did a t test adjusted for clustering.8

The analytical methods and the adjustment for clustering and covariates effects we used in 

the secondary analysis of the primary outcome were also applied to the secondary outcome 

of ART initiation and the tertiary outcome of viral suppression. We did Kaplan-Meier 

analyses for the time to testing completeness, initiation of ART, and death. Additionally, for 

the mortality outcome, we used a random effects Cox (shared frailty) model accounting for 

the hospital clustering effect to calculate the intervention effect on hazard ratio (HR) of 

death while also controlling for other covariates. Also for the analysis of mortality, we 

present two analyses, the first adjusting for and the second not adjusting for CD4 count, 

because the CD4 test itself was part of the primary outcome measure and not routinely 

measured at initial HIV screening, predominantly in the standard-of-care group, which often 

collected blood for testing many days after initial screening. In the adjusted analyses, we 

attempted to make CD4 count somewhat reflect baseline status by coding it into one of three 

categories according to the status at the 90 day follow-up (>200 cells per μL, ≤200 cells per 

μL, or missing if no CD4 test completed). We used all three categories in the mortality 

analysis. We assessed the proportional hazards assumption for each covariate in the Cox 

model by examining the cumulative sums of martingale-based residuals,9,10 in a fixed 

multivariate Cox model.
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We did not adjust p values or confidence intervals for multiple testing or multiple 

comparisons. We analysed all data with SAS version 9.3 and 9.4 software. This trial is 

registered with ClinicalTrials.gov, number NCT02084316, and is closed to new participants.

Role of the funding source

The Emmes Corporation, under contract from NIDA, analysed data and provided study 

support. NIDA scientists were actively involved in study design, monitoring study 

implementation, data collection, analysis, and interpretation, and writing of the report. The 

corresponding author had full access to all the data in the study and had final responsibility 

for the decision to submit for publication.

Results

Of 781 patients screened at 12 hospitals in Guangxi, China, between Feb 24 and Nov 25, 

2014, we enrolled 478 participants (232 in the One4 All group and 246 in the standard-of-

care group; figure 1). Because of the variation in the speed of enrolment across hospitals, 

several hospitals continued enrolment beyond the target of 30 patients, whereas slower-

enrolling hospitals took longer to meet the minimum enrolment target. Follow-up 

commenced on Feb 24, 2014, and was completed on Jan 16, 2016.

Most study participants were male, worked as farmers or labourers, and self-reported 

heterosexual contact as their route of HIV infection (table 1). Mean age was 54 years (SD 

14) in the One4All group and 56 years (14) in the standard-of-care group. More participants 

in the One4All group had middle school or higher educations (p=0·0498). We did not find 

any other significant differences in baseline characteristics between the two groups after 

accounting for hospital clustering effect. Baseline testing completeness (the proportion of 

patients who, within 30 days of screening HIV-reactive had received western blot 

confirmatory testing, CD4 cell count testing, and counselling; appendix p 1) was 20 (14%) 

of 232 patients in the One4All group and 19 (11%) of 246 patients in the standard-of-care 

group had complete testing at baseline.

Because the study aimed to assess an intervention intended to improve treatment itself, not 

treatment as prevention, we did not consider self-reported risk behaviours (appendix p 3) 

crucial to the assessment of the intervention’s effectiveness.

Observed 30 day testing completeness probability outcomes were similar to baseline testing 

completeness probability in the standard-of-care group, but were much higher in the 

One4All group (figure 2). These data also suggest a large variability of the testing 

completeness probability outcomes across the hospitals, particularly within the standard-of-

care group. The One4All group had an intraclass correlation of 0–08 compared with 0·28 in 

the standard-of-care group; an overall intraclass correlation of 0·39.

In the One4All intervention group, 177 (76%) of 232 participants achieved testing 

completeness within 30 days compared with 63 (26%) of 246 patients in the standard-of-

care group (table 1). After controlling for hospital clustering effect and baseline covariates, 

odds of testing completeness were significantly higher in the One4All group than in the 
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standard-of-care group (odds ratio [OR] 19·94, 95% CI 3·86–103·04, p=0·0004; table 2). We 

also observed this large effect in the adjusted χ2 analysis, which controlled for clustering but 

not the other variables (OR 9·35, 2·54–34·45, p=0·0004). Compared with patients of younger 

age (18–44 years), patients aged 45–64 years (OR 0·48, 0·24–0·96) and aged 65 years or 

older (OR 0·24, 0·08–0·74) had decreased odds of testing completeness (overall p=0·044). 

Compared with patients recruited from outpatient settings, those from inpatient settings had 

decreased odds of achieving testing completeness (OR 0·31, 0·17–0·55, p=0·0001).

The beneficial effect of the One4All testing algorithm is also supported by time to testing 

completeness KaplanMeier curves (figure 3), suggesting that participants in the One4All 

group achieved testing and counselling completion sooner than did participants in the 

standard-of-care group, with a median of 12 days (IQR 8–24 days) in the One4All group 

compared with 58 days (IQR 28–207) in the standard-of-care group.

In the One4All group, 125 (54%) of 232 patients initiated ART within 90 days of the date of 

HIV screening compared with 62 (25%) of 246 in the standard-of-care group (table 1). From 

the GLIMMX model, One4All group participants had increased odds of 90 day ART 

initiation compared with standard-of-care group participants (OR 3·49, 95% CI 1·37–8·86, 

p=0·0087). Three factors, age, marital status, and treatment setting, were predictive of ART 

initiation within 90 days (table 2). Compared with the youngest age group (18–44 years), 

older age groups were less likely to initiate ART in 90 days. Being an inpatient at the time of 

screening was associated with decreased odds of initiating ART within 90 days. Participants 

who were married or divorced or widowed had decreased odds of initiating ART within 90 

days compared with those who had never been married (p=0·0176; table 2). Kaplan-Meier 

curves (figure 3) show that participants in the One4All group initiated ART sooner than the 

standard-of-care group. The median time to ART initiation was 52 days (IQR 16–407) in the 

One4All group compared with 167 days (IQR 57–446) in the standard-of-care group.

Viral suppression (≤200 copies per mL) at 12 months was achieved by 99 (43%) of 232 

participants in the One4All group and 69 (28%) of 246 participants in the standard-of-care 

group (table 1), but the difference was not significant (OR 1·59, 95% CI 0·92–2·73, p=0·094) 

on the basis of the GLIMMIX model adjusting for clustering effect and baseline 

characteristics (table 2). Mortality at 12 months was lower in the One4All group than in the 

standard-of-care group (65 [28%] of 232 vs 115 [47%] of 246; table 1). Specifically, 

participants in the One4All group had a risk of death lower than that in the standard-of-care 

group (HR 0·44, 95% CI 0·19–1·01, p=0·053) on the basis of a Cox model controlling for 

hospital clustering effect and characteristics covariates, but not CD4 count (table 2).

In the model without adjusting for CD4 count, participants’ baseline characteristics 

significantly associated with a decreased mortality included being of Zhuang origin 

compared with Han and being married compared with never having been married. 

Participants’ baseline characteristics significantly associated with an increased death rate 

included older age compared with younger age (18–44 years), and being an inpatient 

compared with being an outpatient at the time of initial screening (table 2). We found that 

the proportional hazard assumptions were satisfied for all covariates adjusted in the Cox 

model.
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We obtained causes of death overall and by study group (appendix p 3). We summarised 

predictors of time to death since HIV screening in table 2. A low CD4 count within 90 days 

was a strong predictor of mortality (overall adjusted p<0·0001) in the mortality analysis 

accounting for CD4 test results. As of the 90 day follow-up, 141 (61%) of 232 participants 

in the One4All group had CD4 counts of 200 cells per μL or less, and 26 (11%) had not 

received CD4 tests (table 1). By contrast, 85 (35%) of 246 participants in the standard-of-

care group had CD4 counts of 200 cells per μL or less, and 104 (42%) had not received CD4 

tests. Those with missing CD4 test results in both groups had the highest mortality with 14 

(54%) of 26 participants in the One4All group and 76 (73%) of 104 patients in the standard-

of-care group; patients with a missing CD4 count had over eight times higher risk of death 

than did patients with counts of more than 200 cells per μL (table 2). Kaplan-Meier curves 

(figure 3C) show that participants in the One4All group had a longer median survival time 

(>480 days) than did participants in the standard-of-care group (400 days).

A total of 87 participants (18%) of 478 had at least one hospital admission within 90 days—

54 (23%) of 232 in the One4All group and 33 (13%) of 246 in the standard-of-care group—

a difference that was not significant after accounting for hospital clustering effect (p=0·1078, 

adjusted χ2 test).

Discussion

Our cluster-randomised controlled trial assessing the One4All diagnostic approach in 

patients with HIV-reactivity in 12 hospitals in Guangxi, China showed that the extensively 

streamlined pathway for patients from screening HIV-reactive to initiating ART resulted in 

20 times increased testing completeness and 3·5 times increased ART initiation and cut 

mortality by more than half. Although our results are encouraging, our study highlights the 

challenging nature of HIV care cascade linkage and retention in China. Even with the 

elimination of traditional confirmatory HIV testing and addition of point-of-care CD4 

testing, 26 participants in the One4All group still did not have a CD4 test by 90 days. More 

must be done, particularly if China is to meet the UNAIDS 90–90-90 targets.11 China’s 

removal of CD4 count-based ART eligibility last year12 and recent feasibility testing of 

point-of-care viral load testing in other low-income and middle-income countries,13 suggest 

that a model such as One4All that allows for ART initiation on the same day as diagnosis 

might soon be possible in China.

Despite the intuitive nature of the idea that a patientcentred, streamlined process would 

promote retention in the HIV care cascade, a systematic review14 of the literature up to 

February, 2013, found that assessments of this type of intervention were quite rare in low-

income and middle-income countries.14 Two studies, one in Lesotho communities15 and one 

in a hospital setting in Uganda,16 assessing the effects of changes in HIV testing and 

counselling procedures, found increased testing uptake but no significant effect on linkage to 

care, ART initiation, or mortality. Another study in primary health-care clinics in South 

Africa17 found that HIV provider-initiated testing and counselling, which was added to 

standard care at clinics specialising in the treatment of sexually transmitted infections, 

improved time to viral load testing, but had no effect on the time to CD4 testing, and ART 

initiation was not assessed.17 A study in primary health-care clinics in Mozambique18 
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examined the effect of point-of-care CD4 testing on HIV treatment and found improved time 

to ART initiation. A study in primary health-care clinics in South Africa found point-of-care 

CD4 testing increased the likelihood of ART initiation.19 In a mobile voluntary HIV 

counselling and testing setting in South Africa,20 point-of-care CD4 testing improved 

linkage to HIV services. However, in general, most studies did not follow up participants 

beyond the pre-ART period after ART initiation,14 and none assessed the effectiveness of 

intervention combinations. One study published in 2016 from South Africa21 examined the 

effect of a rapid ART initiation procedure in clinical and hospital settings and found that 

97% of patients initiated ART within 1 month, 73% on the same day, and of those who 

attended their 6 month follow-up visit, 91% had achieved viral suppression. Furthermore, an 

as yet unpublished trial done in Haiti22 found that a same-day treatment initiation 

intervention resulted in improved rates of both ART initiation and retention in care.

In China, understanding the HIV epidemic and how it is evolving over time, including 

barriers to testing, linkage to HIV treatment, and the causes of attrition along the continuum 

of care has been a priority for some time. To that end, most studies on China’s HIV 

epidemic to date have been observational. The characterisation of the HIV epidemic in 

Guangxi that preceded this study is one example.3 The HIV epidemic in Guangxi is 

particularly dire with newly identified people with HIV having gone undiagnosed already 

for an extended period of time as evidenced by the high proportion of people immediately 

meeting ART eligibility criteria on HIV diagnosis,3,5,23 and the high mortality observed in 

this report. As another example, a study examining baseline characteristics of ART 

recipients over the course of nearly 10 years showed that HIV was being increasingly spread 

by sexual contact in China,24 much like was reported for the current study population. In a 

further example, a recent nationwide, retrospective study in China,4 which included the 

records of more than 388 000 people with HIV, found that 57% had first-time CD4 testing 

within less than 6 months of HIV diagnosis and that 59% already had counts of fewer than 

350 cells per μL on their first ever CD4 test. Additionally, a retrospective study in Yunnan 

province found that in people with newly acquired HIV infections, earlier ART resulted in 

accelerated recovery of CD4 T-lymphocyte populations. This early, favourable 

immunological response could help improve clinical outcomes via delayed disease 

progression.25

Studies assessing the effectiveness of interventions on testing uptake, linkage to care, and 

retention in treatment have only recently been done in China. The first such large 

interventional trial in China in 2010–14 made use of a before and after study design. The 

study examined the benefit of a simplified test-and-treat intervention in which HIV 

confirmatory testing and CD4 testing were done in parallel and patients were given ART 

immediately after receipt of test results, irrespective of their CD4 count.2 Not surprisingly, 

this study found reduced time to HIV confirmation, receipt of CD4 testing, and ART 

initiation, as well as decreased overall mortality rates. Initiation of ART for all people with 

HIV, regardless of CD4 count, has been examined in two recently completed clinical trials.
26,27 Both of these trials found significant benefit in a treatment-for-all scheme in the form 

of reduced clinical disease progression.26,27
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Our results are not only supported by, but also build on, the abovementioned findings from 

sub-Saharan Africa,15–21 Haiti,22 and China.2,4,25 Taken together with clinical trial results 

showing benefit to treating all people with HIV regardless of CD4 count or clinical stage,
26,27 our results strongly suggest that a change in approach to provision of treatment for HIV 

is warranted. Moreover, a study published during the preparation of our manuscript28 found 

that the One4All strategy was highly cost-effective, and remained so when tested under 

various scenarios related to changes in the HIV epidemic over time.

The main strength of our study lies in the rigour with which we tested the effectiveness of 

the One4All intervention, making it the first trial, to our knowledge, to examine a bundle of 

process improvements to the testing and linkage to care pathway in China. Nevertheless, our 

trial had limitations. First, this trial design includes few hospitals with high between-cluster 

variation. Although there was an overall 50% increase in testing completeness in the 

One4All group compared with the standard-of-care group, the CI for the treatment effect 

was very wide. This imprecision is at least partly due to the high intraclass correlation found 

in the standard-of-care group. Second, the clustered study design has disadvantages and 

caution should be used when generalising to the individual level.29 Third, although the 

One4All treatment did seem to affect viral suppression positively at 12 months, the study 

was not sufficiently powered for this outcome. Fourth, since multiple interventions were 

implemented as a bundle, they cannot be assessed individually. Fifth, the lower level of 

education, higher inclusion of minorities, and greater proportion of inpatients in the 

standard-of-care group might have created bias, although these factors were controlled for in 

the analyses. Finally, the One4All intervention was designed to address challenges in testing 

and linkage to HIV care in China and, therefore, these specific results might not be directly 

generalisable to other countries. Yet, an intervention like this can have results similar to what 

we have found even in a different context, such as in pregnant women in rural Nigeria,30 

where point-of-care CD4 testing and integrated services improved ART initiation and 

retention in care.

Although we report both mortality results with and without adjusting for the CD4 count, 

there are limitations in both analyses since concentration of CD4 positivity is not truly a 

baseline measure in this study. For example, CD4 count is an important indicator of the HIV 

disease stage, and imbalances between treatment groups in baseline CD4 count could 

confound the treatment group association with mortality. However, because the CD4 test is 

part of the primary outcome of this trial and is measured after HIV screening, it could be 

argued that the treatment group assignment itself could affect CD4 test results, arguing 

against the inclusion of CD4 testing in the statistical model. Therefore, we chose to present 

both analyses, noting that both show a protective effect of the One4All group compared with 

the standard-of-care group, with the analysis not accounting for CD4 count of borderline 

significance.

In conclusion, the results of this prospective, clusterrandomised trial show that 

implementation of a package of interventions aimed at streamlining the patient pathway 

from screening HIV-reactive to initiating treatment substantially increased the odds of 

achieving testing completeness within 30 days, ART initiation within 90 days, and survival 

at 12 months in hospital settings in China. Taken together with new, strong evidence of the 
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benefits of treating all people with HIV regardless of CD4 level,2,26,27 a patient-centred 

approach to streamlined HIV testing and ART initiation regardless of CD4 count is clearly 

beneficial.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

We searched PubMed with one of the terms “HIV test” or “HIV diagnosis” in 

combination with one or more of the following terms: “CD4 test”, “point-of-care”, 

“ART”, “care continuum”, “linkage to care”, “viral load”, “intervention”, and 

“mortality”. We restricted our search to articles published between Jan 1, 2000, and Dec 

31, 2016, reporting on studies completed in low-income and middle-income countries 

that were not limited to individual high-risk populations (eg, pregnant women or men 

who have sex with men). Within these search results, we looked for studies specifically 

examining effectiveness of structural interventions aimed at changing the patient pathway 

from testing to treatment that were intended to promote completion of HIV diagnostic 

testing, linkage to pre-antiretroviral therapy (ART) care, or initiation of ART, without 

outcome variables of increased testing of CD4 counts, ART initiation, viral load testing, 

or a reduction in mortality. We found seven studies from sub-Saharan Africa, one from 

Haiti, and one from China. Two studies, one from Lesotho and one from Uganda, 

examined changes to HIV testing and counselling procedures and found a higher testing 

uptake with home-based services or abbreviated protocols, but no improvement in 

linkage to care, initiation of ART, or a reduction in mortality. A third study examined 

provider-initiated testing and counselling at sexually transmitted infection clinics in 

South Africa and found improved time to viral load testing, but no improvement in time 

to testing of CD4 counts. Three additional studies, one from Mozambique and two from 

South Africa, provide evidence of the benefit of point-of-care tests for CD4 count in 

terms of linkage to HIV care, increased odds of ART initiation, and decreased time to 

ART initiation. More recently, a study of a rapid ART initiation procedure in South 

Africa found that 97% of patients eligible for treatment began ART within 1 month, 73% 

on the same day, and of those followed up at 6 months, 91% had achieved viral 

suppression. Additionally, an as yet unpublished trial of same-day treatment in Haiti 

found improvements in both ART initiation and post-ART retention in care. The one 

study done in Asia was completed by the authors of this report, also in Guangxi, China. 

In this study, a streamlined and standardised timeframe for HIV diagnosis was combined 

with expanded treatment to cover all patients diagnosed with HIV improved timeliness of 

testing, time from diagnosis to treatment initiation, proportion of patients initiating 

treatment, and reduced mortality.

Added value of this study

To our knowledge, this study is the first to assess the effectiveness of a streamlined 

process for testing and treatment initiation within the rigour of a cluster-randomised 

design in a middle-income country. We took an innovative approach to addressing 

barriers to testing and treatment and reasons for attrition along the continuum of care, 

implementing a tailored package of interventions that targeted multiple points in the 

process at the same time. The results observed, a 20 times greater chance of achieving 

testing completeness by 30 days, 3 times greater chance of ART initiation by 90 days, 

and mortality reduced by 56% at 12 months, far exceeded our expectations and clearly 

show the benefit of rethinking the path to treatment from a patient-centred perspective.
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Implications of all the available evidence

The results we present here, together with previous findings from China and other 

international settings, provide strong evidence for the benefits of a patient-centred 

approach to streamlined HIV testing and initiation of ART regardless of CD4 count. 

Given the size of China, and the growth rate of the country’s HIV epidemic, policy 

changes such as these could help China to achieve the UNAIDS 90–90-90 target and have 

a very meaningful effect on the lives of perhaps hundreds of thousands of people. 

Furthermore, similarly designed, simplified testing and treatment procedures tailored to 

the unique challenges of different settings along with elimination of CD4 count treatment 

eligibility requirements could also have profound effects in other low-income and 

middle-income countries. Although many challenges remain, this could finally put an 

AIDS-free generation within reach.
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Figure 1: Trial profile
*Patients may have been ineligible for multiple reasons, thus the number of reasons for 

ineligibility exceeds the number ineligible. †Patients that missed a follow-up appointment 

were still invited to provide data at later follow-up timepoints.
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Figure 2: Forest plot of 30 day testing completeness probability
Comparison of probabilities of 30 day testing completeness by group and hospital. Circles 

give historical (baseline) probabilities, while horizontal lines give 30 day outcome 

probabilities, with 95% CI. Hospitals C1 to C6 represent the SOC control arm hospitals, and 

O1 to O6 represent One4All intervention arm hospitals. Vertical reference lines show the 

mean probability of 30 day testing completeness outcomes in the One4All group (blue) and 

SOC group (red). SOC=standard of care.
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Figure 3: Kaplan-Meier plot for time to testing completeness (A), ART initiation (B), and death 
(C) from HIV screening
SOC=standard of care. ART=antiretroviral therapy.
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 e
du

ca
to

rs
, h

ea
lth

-c
ar

e 
pr

ov
id

er
s,

 u
ne

m
pl

oy
ed

, h
ea

ds
m

en
, f

is
he

rm
en

, s
tu

de
nt

s,
 p

ub
lic

 s
er

vi
ce

 e
m

pl
oy

ee
s,

 o
r 

th
os

e 
w

ho
 

ha
d 

ot
he

r 
or

 u
nc

le
ar

 p
ro

fe
ss

io
ns

, w
er

e 
gr

ou
pe

d 
to

ge
th

er
 a

s 
“O

th
er

”.

† T
ra

ns
m

is
si

on
 w

as
 b

y 
bl

oo
d 

do
na

tio
n 

(n
=

1)
, h

om
os

ex
ua

l c
on

ta
ct

 (
n=

4)
, i

nj
ec

ta
bl

e 
dr

ug
 u

se
 (

n=
6)

, s
ex

ua
l c

on
ta

ct
 a

nd
 in

je
ct

ab
le

 d
ru

g 
us

e 
(n

=
2)

, a
nd

 u
nk

no
w

n 
(n

=
3)

.

‡ C
D

4 
co

un
t w

as
 o

nl
y 

ad
ju

st
ed

 f
or

 o
ne

 o
f 

th
e 

tw
o 

m
or

ta
lit

y 
an

al
ys

es
.
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