Pierre-Julien Coulaud 
email: juliencoulaud-pierre-julien.coulaud@inserm.fr
  
Camelia Protopopescu 
  
Khadim Ndiaye 
  
Maël Baudoin 
  
Gwenaëlle Maradan 
  
Christian Laurent 
  
Bruno Spire 
  
Christopher Kuaban 
  
Sylvie Boyer 
  
Camélia Protopopescu 
  
Laurent Vidal 
  
Evolcam Group 
  
A Ambani 
  
O Ndalle 
  
P Momo 
  
C Tong 
  
V Boyer 
  
L March 
  
M Mora 
  
L Sagaon-Teyssier 
  
M De Sèze 
  
M Suzan-Monti 
  
(umr912 -Sestim Laurent 
  
F Liégeois 
  
E Delaporte 
  
S Eymard-Duvernay 
  
F Chabrol 
  
E Kouakam 
  
O Ossanga 
  
H Essama Owona 
  
C Biloa 
  
M.-T Mengue 
  
E Mpoudi-Ngolé 
  
P J Fouda 
  
C Kouanfack 
  
H Abessolo 
  
N Noumssi 
  
M Defo 
  
H Meli 
  
Hôpital Central 
  
Z Nanga 
  
Y Perfura 
  
M Ngo Tonye 
  
O Kouambo 
  
U Olinga 
  
E Soh 
  
Hôpital Jamot 
  
C Ejangue 
  
E Njom 
  
A Simo Ndongo 
  
E Abeng Mbozo'o 
  
M Mpoudi Ngole 
  
N Manga 
  
C Danwe 
  
L Ayangma 
  
B Taman 
  
E C Njitoyap Ndam 
  
B Fangam Molu 
  
J Meli 
  
H Hadja 
  
J Lindou 
  
Hôpital Général 
  
J M Bob Oyono 
  
S Beke 
  
Hôpital Djoungolo 
  
D Eloundou 
  
District Hospital, Sa'a G Touko 
  
J J Ze 
  
M Fokoua 
  
L Ngum 
  
C Ewolo 
  
District Hospital C Bondze 
  
J D Ngan Bilong 
  
D S Maninzou 
  
A Nono 
  
Hôpital St 
  
Mbalmayo Luc 
  
M Tsoungi Akoa 
  
P Ateba 
  
S Abia 
  
A Guterrez 
  
R Garcia 
  
P Thumerel 
  
E Belley Priso 
  
Y Mapoure 
  
A Malongue 
  
A P Meledie Ndjong 
  
B Mbatchou 
  
J Hachu 
  
S Ngwane 
  
J Dissongo 
  
M Mbangue 
  
Ida Penda 
  
H Mossi 
  
G Tchatchoua 
  
Yoyo Ngongang 
  
C Nouboue 
  
I Wandji 
  
L Ndalle 
  
J Djene 
  
Hôpital Laquintinie 
  
M J Gomez 
  
A Mafuta 
  
M Mgantcha 
  
Albert Legrand 
  
E H Moby 
  
M C Kuitcheu 
  
A L Mawe 
  
District Hospital, Bonassama Ngam Engonwei 
  
L J Bitang 
  
M Ndam 
  
R B Pallawo 
  
Issiakou Adamou 
  
G Temgoua 
  
C Ndjie Essaga 
  
C Tchimou 
  
A Yeffou 
  
I Ngo 
  
H Fokam 
  
H Nyemb 
  
L R Njock 
  
S Omgnesseck 
  
E Kamto 
  
District Hospital B Takou 
  
L J-G Buffeteau 
  
F Ndoumbe 
  
J-D Noah 
  
I Seyep 
  
  
  
  
  
  
  
  
  
  
Individual and healthcare supply-related barriers to treatment initiation in HIV-positive patients enrolled in the Cameroonian antiretroviral treatment access programme
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Introduction

The implementation of national antiretroviral treatment (ART) programmes over the last two decades in low-and middle-income countries (LMIC) led to approximately 20 million people living with HIV (PLWHIV) receiving ART by the end of 2016, compared with only 300,000 in 2000 [START_REF] Unaids | How HIV treatment numbers are shown to be accurate[END_REF]. This progress was made possible thanks to the commitment of both national governments and international health agencies which supported free access to ART, the installation of HIV equipment in healthcare facility laboratories, and procedure simplification to facilitate treatment initiation [START_REF] Who | Access to antiretroviral drugs in low-and middle-income countries[END_REF]. In recent years, ART scale-up has also been driven by the progressive widening of ART eligibility criteria in the World Health Organization's (WHO) recommendations. More specifically, based on evidence that early ART initiation dramatically reduces HIV-related mortality and morbidity, as well as HIV transmission risk [START_REF] Start | Initiation of Antiretroviral Therapy in Early Asymptomatic HIV Infection[END_REF][START_REF] Cohen | Prevention of HIV-1 Infection with Early Antiretroviral Therapy[END_REF][START_REF] Severe | Early versus Standard Antiretroviral Therapy for HIV-Infected Adults in Haiti[END_REF][START_REF] Temprano Anrs 12136 | A Trial of Early Antiretrovirals and Isoniazid Preventive Therapy in Africa[END_REF], CD4 count criteria for ART initiation evolved from ≤350 cells/mm 3 in 2010 [START_REF] Who | Antiretroviral therapy for HIV infection in adults and adolescents: recommendations for a public health approach[END_REF] to ≤500 cells/mm 3 in 2013 [START_REF] Who | infection: recommendations for a public health approach[END_REF], and finally to initiation irrespective of CD4 count in 2015 [START_REF] Who | Guideline on when to start antiretroviral therapy and on pre-exposure prophylaxis for HIV[END_REF]. In addition, to optimize treatment benefits and hasten the end of the HIV epidemic, UNAIDS launched the "90-90-90" targets in 2014 with the aim of diagnosing HIV infection in 90% of PLWHIV, initiating ART in 90% of those diagnosed with HIV, and achieving viral suppression in 90% of those treated with ART, all by 2020 [START_REF]UNAIDS. 90-90-90 An ambitious tretment target to help end the AIDS epidemic[END_REF].

However, acute challenges to health systems in LMIC -especially to healthcare supply, which suffers from a lack of equipment and human resources [START_REF] Mills | Health Care Systems in Low-and Middle-Income Countries[END_REF] -hamper efforts to meet UNAIDS targets. Achieving the second of the "90-90-90" targets is still some way off in LMIC, especially in West and Central Africa where 60% of PLWHIV (2.5 million people) remained untreated as of 2017 [START_REF]Miles to go -closing gaps, breaking barriers[END_REF]. In addition, despite growing needs for ART, a slowdown in international financial support for HIV has continued since the early 2010s [START_REF] Burden | Spending on health and HIV/AIDS: domestic health spending and development assistance in 188 countries, 1995-2015[END_REF]. Western and Central African countries have been particularly affected by this reduced funding, and are not offset by increased national resources [START_REF]treatment on the fast-track by 2018[END_REF]. This situation may jeopardize the quality and the sustainability of the region's already fragile HIV services.

Growing attention is being given to monitoring timely ART initiation, as it reflects the capacity of national programmes to respond to the second "90" UNAIDS target and constitutes an important indicator of HIV care service quality [START_REF] Who | Guidelines for managing advanced HIV disease and rapid initiation of antiretroviral therapy[END_REF]. The literature suggests that late ART initiation might be explained by many factors, including individual characteristics, HIV testing and treatment behaviours, as well as healthcare supply-related factors [START_REF] Fox | Interventions to improve the rate or timing of initiation of antiretroviral therapy for HIV in sub-Saharan Africa: meta-analyses of effectiveness[END_REF][START_REF] Lahuerta | Factors associated with late antiretroviral therapy initiation among adults in Mozambique[END_REF][START_REF] Ndawinz | Factors associated with late antiretroviral therapy initiation in Cameroon: a representative multilevel analysis[END_REF]. A literature review focusing on 18 Sub-Saharan African countries highlighted that limited staff, heavy workloads and long waiting times in HIV services were all associated with lower rates of ART initiation [START_REF] Lahuerta | The problem of late ART initiation in Sub-Saharan Africa: a transient aspect of scale-up or a long-term phenomenon?[END_REF]. However, studies to date only assessed a limited number of HIV care service characteristics whose effects on ART initiation were investigated separately, without considering the complexity of the organization of HIV services as a whole, including dimensions such as available resources and working processes. In addition, the role of healthcare supply-related factors on ART initiation needs further investigation in Sub-Saharan Africa where resources are increasingly limited, while the number of PLWHIV needing ART is rapidly growing.

The objective of this study was therefore: i) to describe the available resources, activities and working processes of HIV services in the Cameroonian ART programme, ii) to document the time from HIV diagnosis to ART initiation in PLWHIV linked to care, and iii) to investigate the role of healthcare supply-related factors on ART initiation delay, after adjustment for individual factors.

Materials and methods

Setting: the national Cameroonian ART programme

Cameroon is a LMIC in Central Africa with a yearly gross domestic product (GDP) of 1354 USD per capita in 2015 (20) and a human development index of 0.55 in 2018, which ranked the country 151 out of 188 (21). The health system is mainly funded by private health expenditures through out-of-pocket payments which represent approximately two-thirds of total health expenditures [START_REF] Who | World Health Statistics[END_REF]. The country is one of the most affected by the HIV epidemic in the West and Central Africa with an estimated mean HIV prevalence of 3.6% in the adult population (aged 15-49 years) in 2018 and large disparities according to gender, region and urban area [START_REF][END_REF]. The highest prevalence rates are reported in women (5.6%), in the South (7.2%) and East regions (6.3%) and in the country's two main cities (6.3% and 4.6% in Yaoundé and Douala, respectively) [START_REF] Cnls | Rapport national de suivi de la déclaration politique sur le VIH/SIDA Cameroun[END_REF]. Initiated in 2001, the national ART programme relies on the preexisting decentralized framework of the Cameroonian health system to deliver HIV care and ART at the district level [START_REF]National guideline for HIV prevention and care in Cameroon[END_REF]. Starting in 2001-2002, Accredited Treatment Centres were set up in the national reference hospitals of Yaoundé and Douala, and then in each regional hospital of the country's eight other regions. From 2005 onwards, the diffusion of ART delivery services was extended to district hospitals with the implementation of HIV Management Units.

Additionally, to facilitate access to ART and remove financial barriers, ART has been provided for free since 2007, and both biological tests for HIV initiation and follow-up have been simplified and subsidized [START_REF]National guideline for HIV prevention and care in Cameroon[END_REF]. Thanks to this strategy, a total of 210,000 PLWHIV received ART in 2016 versus only 15,000 in 2004 [START_REF] Loubiere | Decentralization of HIV care in Cameroon: Increased access to antiretroviral treatment and associated persistent barriers[END_REF][START_REF] Unaids | AIDS epidemic update[END_REF][START_REF]UNAIDS Data[END_REF].

ART scale-up through the national programme has been largely supported by international funding, which represented more than 80% of the country's HIV budget in 2015 [START_REF] Burden | Spending on health and HIV/AIDS: domestic health spending and development assistance in 188 countries, 1995-2015[END_REF]. However, the programme has been strongly affected by the slowdown of international financial support since 2010 [START_REF] Kates | Financing the Response to HIV in Low-and Middle-Income Countries: International Assistance from Donor Governments in 2015[END_REF]. In particular, national expenditures allocated to HIV/AIDS decreased by nearly 30% from approximately USD 60 million in 2009 to USD 44 million in 2012 [START_REF]Estimation des ressources et dépenses 2013 de la lutte contre le VIH et Sida[END_REF]. Thanks to the Round 10 grants of the Global Fund and the involvement of bilateral partners such as PEPFAR funds, resources dedicated for the HIV epidemic increased in 2013 to USD 53 million but remained below the level recorded in 2009 [START_REF]Estimation des ressources et dépenses 2013 de la lutte contre le VIH et Sida[END_REF].

Study design and data collection

EVOLCam (ANRS-12288) is a cross-sectional mixed-methods survey conducted in 19 HIV services in the Centre and Littoral regions of Cameroon between April and December 2014 to study evolutions in the national ART programme through a comparison with the ANRS-12116 EVAL survey conducted in 2006-2007 [START_REF] Boyer | Non-adherence to antiretroviral treatment and unplanned treatment interruption among people living with HIV/AIDS in Cameroon: Individual and healthcare supply-related factors[END_REF][START_REF] Boyer | Scaling up access to antiretroviral treatment for HIV infection: the impact of decentralization of healthcare delivery in Cameroon[END_REF]. Eligibility criteria included being aged at least 21 years, diagnosed HIV-positive for at least three months and attending one of the 19 participating HIV services.

For eligible outpatients consulting in each service, a random selection procedure similar to that implemented in the ANRS-12116 EVAL was used [START_REF] Boyer | Non-adherence to antiretroviral treatment and unplanned treatment interruption among people living with HIV/AIDS in Cameroon: Individual and healthcare supply-related factors[END_REF]. After being informed about the study, patients who agreed to participate provided written informed consent. At the end of their consultation, they were referred to trained independent interviewers to answer a standardized face-to-face questionnaire which gathered information on socioeconomic characteristics, HIV infection, hepatitis B and tuberculosis co-infection (testing, treatment and history), and access to HIV services.

After the interview, blood samples were collected for viral load and CD4 cell count measurements and transported to a reference laboratory in Yaoundé the same day to assess virological suppression and immunological status at the time of the study [START_REF] Tong | Treatment interruption in HIV-positive patients followed up in Cameroon's antiretroviral treatment programme: individual and health care supply-related factors (ANRS-12288 EVOLCam survey)[END_REF][START_REF] Liégeois | Heterogeneity of virological suppression in the national antiretroviral programme of Cameroon (ANRS 12288 EVOLCAM)[END_REF]. Clinical data obtained from patient examinations and retrospective medical files were recorded by healthcare providers in a standardized medical questionnaire and included the following: date of HIV diagnosis, date of ART initiation, CD4 count at ART initiation, WHO clinical stage of HIV infection at ART initiation and at time of the survey, drug regimen at time of the survey, body mass index, and any history of tuberculosis and hepatitis B co-infection and related diagnosis dates.

In addition, the characteristics of the 19 participating HIV services were collected through interviews with hospital staff, in situ observations and cross-validation with data recorded in service activity reports.

The survey protocol was approved by the Ministry of Public Health in Cameroon and the Cameroonian National Ethics Committee.

Study population

The population for the present study included EVOLCam's participants who were diagnosed HIV-positive between January 2011 and September 2014 and were eligible for ART at HIV diagnosis.

Patients diagnosed HIV positive before 2011 were excluded for two reasons: i) we wished to study time to ART initiation in a relatively 'homogenous' population and over a recent time period, with unchanged ART initiation guidelines, ii) patients diagnosed HIV for a long time had poor quality data.

According to national Cameroonian guidelines in the period 2011-2014, patients were eligible for ART if they met at least one of the following criteria: CD4<350 cells/mm 3 , or tuberculosis co-infection, or hepatitis B co-infection, or pregnancy [START_REF]National guideline for HIV prevention and care in Cameroon[END_REF]. To assess ART eligibility at HIV diagnosis, CD4 count at diagnosis was estimated using a retrospective imputation method previously used by Ndawinz et al. [START_REF] Ndawinz | New indicators for delay in initiation of antiretroviral treatment: estimates for Cameroon[END_REF].

Outcome variable

The study outcome was time to ART initiation, which was calculated as the time in months from the HIV diagnosis date to the date of first ART prescription.

Explanatory variables

Individual-related variables

Individual-related variables considered in the analyses included:

-Socio-demographic and socioeconomic characteristics at the time of survey: age, gender, having a partner (yes, the same partner since HIV diagnosis; yes, a new partner since HIV diagnosis; no), education level (secondary school and lower versus higher than secondary school), having an economic activity, and living below the absolute poverty threshold (i.e., household monthly income ≤28,310 FCFA (approximately 51 USD in 2020)) [START_REF]Quatrième Enquête Camerounaise Auprès des Ménages (ECAM4) -Tendances, profil et déterminants de la pauvreté au Cameroun entre[END_REF].

-HIV testing experience and accessibility to the HIV service: HIV testing initiative (on patient's own initiative; on a healthcare provider's initiative with informed consent; on the partner's initiative; without being informed), HIV testing performed on the occasion of a pregnancy or delivery, having disease symptoms at HIV diagnosis, living in the city where the HIV service providing ART treatment was located.

-Clinical characteristics: hepatitis B and tuberculosis co-infection at the time of HIV diagnosis, CD4 cell count at ART initiation (<100 versus ≥100 cells/mm 3 ) and WHO clinical stage at ART initiation (1 or 2 versus 3 or 4).

HIV-services variables

The following healthcare supply-related characteristics were used to build an HIV service profiles variable (cf. Statistical analysis section), which was used as explanatory variable in the models:

(1) Hospital's general characteristics: location (Littoral versus Centre region), opening date (before or in 2001 versus after 2001), legal status (public versus private), type of HIV service (HIV Management Units versus Accredited Treatment Centres), and number of beds (dichotomized using the median: >100 versus ≤100).

(2) Human resources: number of healthcare providers according to category (physicians, nurses, psychologists, nursing assistants and social workers).

(3) Activity: number of ART-treated patients (dichotomized using the median: >1803 versus ≤1803) and available services (subsidized biological check-up, educational, nutritional and financial support, HIV community-based organisations' involvement).

(4) Organisation: specific ART storage, stock management, and task-shifting from physicians to nurses for i) clinical follow-up consultations for patients on ART or ii) ART prescription renewals.

(5) Technical resources: functional medical imaging equipment (electrocardiography, echography, radiology and scanner), CD4 count machine, ART stock-outs for at least one of the three most prescribed ART regimens (TDF+3TC+EFV; AZT+3TC+NVP; and TDF+3TC+NVP). A regimen was considered out of stock during the previous year if i) the 3-molecule combination was unavailable for a minimum of three consecutive days and ii) reconstituting the combination using separate single molecules was impossible.

Statistical analysis

First, we identified HIV services which had a similar profile in terms of the above healthcare supply-related characteristics. To do this, we performed a multiple correspondence analysis (MCA) combined with a hierarchical cluster analysis (37), using the Stata commands 'mca' and 'cluster'. More specifically, the MCA allowed us to combine healthcare supply-related correlated variables to create continuous factors, which were then used in a classification procedure to identify service profiles (clusters), hereafter called "HIV-service profiles" (HSP) [START_REF] Marcellin | Disclosure of HIV Status Beyond Sexual Partners by People Living with HIV in France: A Call for Help? Results from the National Cross-Sectional Survey ANRS-VESPA2[END_REF][START_REF] Husson | Exploratory Multivariate Analysis by Example Using R. Exploratory Multivariate Analysis by Example Using R[END_REF]. The choice of the number of factors (dimensions) in the MCA was based on the principal inertia values and the total explained variance. We used hierarchical cluster analysis with the Ward's linkage clustering method and the Duda-Hart stopping rule (Duda et al., section 10.10) to determine the optimal number of clusters (i.e., HSP) [START_REF] Duda | Pattern Classification, 2nd Edition[END_REF]. A descriptive analysis was then performed to describe all HSP in terms of the healthcare supply-related characteristics.

Second, variability in time to ART initiationoverall across all 19 HIV services, and according to both HSP and each HIV servicewas evaluated using descriptive statistics (mean (Standard Deviation (SD)) and median [Interquartile Range (IQR)]). We also computed the proportions of PLWHIV who initiated ART within one month and within 6 months of diagnosis [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].

Third, we investigated the relationships between HSP and time to ART initiation using a multilevel Cox proportional-hazards regression model which allowed us to assess whether our outcome variability depended on individual characteristics (level 1) and/or on structural characteristics, i.e. healthcare supply-related factors which are summarized by the HSP variable (level 2) [START_REF] Rice | Multilevel models and health economics[END_REF]. The pertinence of using a multilevel model was tested by using a likelihood-ratio (LR) test by comparing a null 1-level Cox model (assuming that time to ART initiation variability was caused only by individual heterogeneity) with a 2-level null model (assuming that variability was caused by both individual and structural heterogeneity).

Based on the modelling strategy for multilevel models [START_REF] Hox | Multilevel Analysis: Techniques and Applications[END_REF], individual-related factors in the level-1 model were selected using the "augmented backward elimination" approach [START_REF] Dunkler | Augmented backward elimination: A pragmatic and purposeful way to develop statistical models[END_REF]. To do this, significant variables with a p-value <0.05 were first retained using a backward elimination approach (except gender and CD4 cell count, which were maintained in the model irrespective of their p-values, in order to control for demographic and clinical characteristics) [START_REF] Dunkler | Augmented backward elimination: A pragmatic and purposeful way to develop statistical models[END_REF]. The possible presence of confounding factors was then evaluated by testing each non-significant variable, and noting the effect on the coefficients of the other explanatory variables. If at least one of these coefficients changed by more than 25%, the variable being tested was considered to be a confounder and was reintroduced into the model irrespective of its p-value. Finally, we introduced the HSP variable as a level 2 variable to obtain the final multilevel model. 

Results

Characteristics of HIV services and HIV service profiles

As shown in the Supplementary Figure 1, three dimensions (factors) were retained in the MCA based on the principal inertia values, corresponding to a total explained variance of 69.5% (the percentage of explained variance for the 3 factors was 43.7%, 17.2% and 8.7%, respectively).

The hierarchical cluster analysis led to the identification of 4 distinct HSP (see Supplementary Figure 2). More details on the results of the MCA and the hierarchical cluster analysis are provided in the Supplementary Materials.

Characteristics of the 19 participating HIV services and of the 4 HSP identified are described in detail in Table 1, while Figure 1 summarizes the main features of each HSP. Participating HIV services included 11 HIV Management Units and 8 Accredited Treatment Centres. Eleven (58%) were located in the Centre region and 13 (68%) were public.

In the first profile (HSP1), all the HIV services (n=4) were HIV Management Units located in small district hospitals (i.e., <100 beds) in the Littoral region. They provided ART to a large number of patients (>1803) but were understaffed: all had more than 2 nurses but 2/4 had fewer than 5 physicians and just one had psychosocial workers (3/4 had no psychologist or social worker). The majority (3/4) practiced task-shifting for consultation but not for ART prescription, and none involved HIV community-based organisations in their activities. In addition, technical resources were poor (2/4 had no CD4 count machine and none had medical imaging equipment). Conversely, in the second profile (HSP2), all HIV services (n=5) were experienced Accredited Treatment Centres dealing with a high number of ART-treated patients (>1803) located in large (>100 beds) and relatively well-equipped healthcare facilities. They had highly qualified staff: 4/5 had more than 4 physicians and more than 1 social worker, and 3/5 had more than 2 nurses and at least one psychologist. Most practiced task-shifting for both consultation and ART prescription and provided educational and nutritional counselling with the support of HIV community-based organisations. In the third profile (HSP3), 5/6 HIV services were recent, and 4/6 were located in small district hospitals in the Centre region. They followed a smaller number of ART-treated patients (≤1803) but had very few human resources (most (5/6) had fewer than 5 physicians and fewer than 3 nurses). Task-shifting for consultation and prescription was limited in HSP3, as were available services and collaboration with HIV community-based organisations. Furthermore, technical resources were particularly poor. The majority of these HIV services had no CD4 count machine (4/6) or medical imaging equipment (5/6), and 5/6 reported ART stock-outs. In the fourth profile (HSP4), HIV services had similar general characteristics: they were all HIV Management Units located in small district hospitals, with a number of ART-treated patients ≤1803, and had few technical and human resources.

Moreover, all implemented task-shifting both for consultation and prescription and proposed a larger range of services than other profiles. Most (3/4) involved HIV community-based organisations in their activities.

Selection of the study population

Overall, 2130 HIV-positive patients were enrolled in the EVOLCam survey. Of these, 1150 were excluded from the present study because they were diagnosed with HIV before January 2011. Among the remaining individuals, 41 were secondarily excluded as they were not eligible for ART treatment at HIV diagnosis based on the Cameroonian national guidelines in the period 2011-2014 (i.e., CD4 ≥350 cells/mm 3 without tuberculosis or hepatitis B co-infection and no pregnancy for women). Ninety-two others were also excluded as their ART eligibility status at HIV diagnosis was unknown due to missing data for some of the study eligibility criteria. The study population therefore included 847 patients. In order to identify potential selection bias resulting from missing data for some of the eligibility criteria, we compared the main characteristics of the study population (n=847) with those of the excluded population (n=92).

No significant difference was observed in terms of demographic, socioeconomic, HIV testing and clinical characteristics (data not shown).

Study population characteristics

The majority of patients were women (72%). Forty-two percent had the same partner since HIV diagnosis and median [IQR] age was 39 [START_REF] Tong | Treatment interruption in HIV-positive patients followed up in Cameroon's antiretroviral treatment programme: individual and health care supply-related factors (ANRS-12288 EVOLCam survey)[END_REF][START_REF] Liégeois | Heterogeneity of virological suppression in the national antiretroviral programme of Cameroon (ANRS 12288 EVOLCAM)[END_REF][START_REF] Ndawinz | New indicators for delay in initiation of antiretroviral treatment: estimates for Cameroon[END_REF][START_REF]Quatrième Enquête Camerounaise Auprès des Ménages (ECAM4) -Tendances, profil et déterminants de la pauvreté au Cameroun entre[END_REF][START_REF] Greenacre | Correspondence analysis in medical research[END_REF][START_REF] Marcellin | Disclosure of HIV Status Beyond Sexual Partners by People Living with HIV in France: A Call for Help? Results from the National Cross-Sectional Survey ANRS-VESPA2[END_REF][START_REF] Husson | Exploratory Multivariate Analysis by Example Using R. Exploratory Multivariate Analysis by Example Using R[END_REF][START_REF] Duda | Pattern Classification, 2nd Edition[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] Rice | Multilevel models and health economics[END_REF][START_REF] Hox | Multilevel Analysis: Techniques and Applications[END_REF][START_REF] Dunkler | Augmented backward elimination: A pragmatic and purposeful way to develop statistical models[END_REF][START_REF] Boyer | Factors associated with antiretroviral treatment initiation amongst HIV-positive individuals linked to care within a universal test and treat programme: early findings of the ANRS 12249 TasP trial in rural South Africa[END_REF][START_REF] Plazy | Continuum in HIV care from entry to ART initiation in rural KwaZulu-Natal, South Africa[END_REF] years (Table 2). Most had low socioeconomic status: only 8% had an educational level higher than secondary school, 61% declared having an economic activity and 15% reported a monthly household income below the absolute poverty threshold. Twenty-seven percent decided to be HIV tested on their own initiative, and 69% on a healthcare provider's initiative. The majority (69%) reported being diagnosed following disease symptoms, and a minority (9% overall, 13% of women) upon becoming pregnancy or at childbirth. Clinical characteristics showed that 1% and 23% of patients were co-infected with hepatitis B and tuberculosis at HIV diagnosis, respectively. In addition, at ART initiation, a quarter had <100 CD4 cells/mm 3 (23%) while half were at WHO clinical stage 3 or 4. Although all patients initiated ART after HIV diagnosis, at the time of survey, 4% had interrupted their treatment.

Descriptive analysis of time to ART initiation

The period from the earliest HIV diagnosis (2011-01-01) to the last ART initiation date (2014-12-01) was 46.9 months (i.e. 3.9 years). Overall, the median [IQR] time from HIV diagnosis to ART initiation was 1.6 [0.5-4.3] months (Table 3). Specifically, more than one third (35%) of the study population initiated ART within one month of diagnosis and one-fifth more than six months after diagnosis. Large variability was also observed across HIV services with minimum and maximum medians of 0.5 and 2.6 months, respectively, and proportions of patients initiating ART within one month ranging from 6% to 62%.

When considering time to ART initiation according to HSP, the shortest times were found in HSP2 and HSP4 (median [IQR] times = 1.5 [0.6-3.2] and 1.0 [0.2-3.5] months, respectively), while the longest times were observed in HSP1 and HSP3 (median [IQR] times = 2.0 [1.1-5.9] and 1.9 [0.8-5.9] months, respectively). HSP4 and HSP1 had the highest (52%) and lowest (21%) proportions of PLWHIV initiating ART within one month of diagnosis, respectively.

The highest proportions of PLWHIV not having initiated ART 6 months after diagnosis were observed in HSP1 and HSP4 (24%). The cumulative probability of initiating ART was higher for ART-eligible patients in HSP2 and HSP4 than for those in the other two HSP (log-rank test, p<0.001).

Factors associated with time to ART initiation

Factors associated with time to ART initiation in univariate and multivariable analyses are presented in Table 2. After adjustment for gender and CD4 cell count at ART initiation, the final model showed that HIV-positive patients who were over [START_REF] Husson | Exploratory Multivariate Analysis by Example Using R. Exploratory Multivariate Analysis by Example Using R[END_REF] The value of the LR test statistics (4.81) was significant at the 5% level (χ 2 =3.84 for 1 degree of freedom; p=0.04), confirming the better performance of the 2-level model specification than the 1-level model specification, and therefore the pertinence of using the multilevel Cox model.

Discussion

This study investigated the relationships between healthcare supply characteristics and time to ART initiation in PLWHIV who were eligible for ART in 19 HIV services in the Centre and Littoral regions in Cameroon.

Time to ART initiation and variability across HIV services

The median time from HIV diagnosis to ART initiation was estimated at 1.6 months but large differences were observed across HIV services, with the median time to initiation varying from less than one month to approximately 3 months. Comparison of our results with those from other studies is difficult as various definitions for time to ART initiation have been used in the literature, such as time from eligibility to ART initiation [START_REF] Ndawinz | New indicators for delay in initiation of antiretroviral treatment: estimates for Cameroon[END_REF][START_REF] Boyer | Factors associated with antiretroviral treatment initiation amongst HIV-positive individuals linked to care within a universal test and treat programme: early findings of the ANRS 12249 TasP trial in rural South Africa[END_REF][START_REF] Plazy | Continuum in HIV care from entry to ART initiation in rural KwaZulu-Natal, South Africa[END_REF][START_REF] Ingle | Outcomes in patients waiting for antiretroviral treatment in the Free State Province, South Africa: prospective linkage study[END_REF], time from CD4 test to ART initiation [START_REF] Ndawinz | Factors associated with late antiretroviral therapy initiation in Cameroon: a representative multilevel analysis[END_REF][START_REF] Micek | Loss to follow-up of adults in public HIV care systems in central Mozambique: identifying obstacles to treatment[END_REF] and time from enrolment in HIV care to ART initiation [START_REF] Jani | Effect of point-of-care CD4 cell count tests on retention of patients and rates of antiretroviral therapy initiation in primary health clinics: an observational cohort study[END_REF]. In a review of 6 studies conducted in Sub-Saharan Africa, the authors examined, just as we did, the whole period from HIV diagnosis to ART initiation, and found that the median time to initiation ranged from a few weeks to more than 6 months [START_REF] Mugglin | Loss to programme between HIV diagnosis and initiation of antiretroviral therapy in sub-Saharan Africa: systematic review and meta-analysis[END_REF]. In another study conducted in the specific setting of Cameroon, the median time from HIV diagnosis to ART initiation was estimated in 2011/2012 at 3 months in 3 HIV services in the city of Douala in the Littoral region [START_REF] Essomba | Profil clinique et immunologique des patients infectés par le VIH à l'initiation du traitement antirétroviral à Douala[END_REF]. While this is longer than the overall median time to initiation in our study, it is comparable with the values for the 8 participating HIV services in the Littoral region, which had median delays of two to three months.

Role of HIV service characteristics in ART initiation

Using detailed information on resource allocation, activities and organisational characteristics in the 19 participating HIV services, our study highlighted four HIV service profiles (HSP1 to HSP4) with different performance in terms of delays to ART initiation. HSP2 and HSP4 had the smallest delays and HSP1 and HSP3 the longest. These results were confirmed in the multivariable analysis where HSP1 and HSP3 patients were significantly (only at 10% level for HSP3) less likely to initiate ART than HSP2 patients. No such difference was found for HSP4 patients. A description of each profile's characteristics enabled us to identify healthcare supplyrelated factors which may explain these different levels of performance. In HSP2, HIV services were large, experienced, well-staffed (i.e., most had more than 4 physicians, 2 nurses, 1 social worker and at least 1 psychologist), and adequately equipped (especially with a CD4 count machine). Conversely, the three other profiles were small district hospitals with few qualified staff, little technical equipment (including CD4 count machines) and more frequent ARV stockouts, especially in HSP3.

However, two main factors may explain why, unlike HSP1 and HSP3, the delay to ART initiation in HSP4's small HIV services was similar to that in the well-equipped and staffed HIV services of HSP2. The first is the large amount of task-shifting for prescriptions and patient consultations. Several studies conducted in Sub-Saharan Africa have shown that task-shifting may lead to substantial benefits in the various steps of the HIV care cascade [START_REF] Bemelmans | Providing universal access to antiretroviral therapy in Thyolo, Malawi through task shifting and decentralization of HIV/AIDS care[END_REF][START_REF] Emdin | A systematic review evaluating the impact of task shifting on access to antiretroviral therapy in sub-Saharan Africa[END_REF][START_REF] Zachariah | Task shifting in HIV/AIDS: opportunities, challenges and proposed actions for sub-Saharan Africa. Task shifting in HIV/AIDS: opportunities, challenges and proposed actions for sub-Saharan Africa[END_REF][START_REF] Philips | Task shifting for antiretroviral treatment delivery in sub-Saharan Africa: not a panacea[END_REF]. In Cameroon, two previous studies conducted in nine district hospitals in the STRATALL ANRS-12110 trial highlighted that task-shifting from physician to nurses improved patient quality of life and did not compromise treatment outcomes such as virological success, CD4 recovery and survival [START_REF] Boullé | Task Shifting HIV Care in Rural District Hospitals in Cameroon[END_REF][START_REF] Suzan-Monti | Benefits of task-shifting HIV care to nurses in terms of health-related quality of life in patients initiating antiretroviral therapy in rural district hospitals in Cameroon [Stratall Agence Nationale de Recherche sur le SIDA (ANRS) 12110/Ensemble pour un[END_REF]. The second factor is the participation of HIV community-based organisations in patient support activities. In both HSP2 and HSP4, almost all HIV services (9/10) involved community-based organisations in their activities. This contrasts with HSP1 and HSP3, where only two out of 10 HIV services involved such organisations. Several studies have shown that the participation of community-based organisations delivering adherence support, peereducation and outreach programmes is an effective strategy for reducing time to ART initiation [START_REF] Nash | Program-level and contextual-level determinants of low-median CD4+ cell count in cohorts of persons initiating ART in eight sub-Saharan African countries[END_REF][START_REF] Lamb | Association of adherence support and outreach services with total attrition, loss to follow-up, and death among ART patients in sub-Saharan Africa[END_REF].

Public health policy recommendations

Overall, median time to ART initiation was quite short in HIV-positive patients initiating ART in the 19 study sites. However, one-fifth of the patients had delays of over 6 months. Our results also suggest that a substantial number of HIV-positive patients were diagnosed late, which together with suboptimal time to ART initiation, may sharply reduce both treatment effectiveness at the individual level, and public health benefits in terms of HIV transmission [START_REF] Ford | Benefits and risks of rapid initiation of antiretroviral therapy[END_REF].

Although our study was conducted in 2014, it is likely that the situation of the national HIV programme in Cameroon has not improved over recent years. Indeed, from 2014 to 2018, financial resources allocated to the fight against HIV infection did not significantly increase [START_REF] Burden | Spending on health and HIV/AIDS: domestic health spending and development assistance in 188 countries, 1995-2015[END_REF]. Furthermore, WHO treatment guidelines were extended to recommend universal treatment [START_REF] Who | Guideline on when to start antiretroviral therapy and on pre-exposure prophylaxis for HIV[END_REF], most probably increasing the burden on ART access. In Cameroon, the number of patients on ART in 2018 was estimated at 332,000 while the total number of PLWHIV was approximately 540,000. This translates into treatment coverage of only 48% or approximately 210,000 PLWHIV who still needed treatment [START_REF][END_REF]. This poor coverage may be partly explained by patient-level factors that influence the decision to initiate ART, such as fear of HIV-related stigma, not being ready to start treatment, and concerns about side effects [START_REF] Plazy | Access to HIV care in the context of universal test and treat: Challenges within the ANRS 12249 TasP cluster-randomized trial in rural South Africa[END_REF][START_REF] Renju | Side effects" are "central effects" that challenge retention in HIV treatment programmes in six sub-Saharan African countries: A multicountry qualitative study[END_REF][START_REF] Earnshaw | Internalized HIV stigma, ART initiation and HIV-1 RNA suppression in South Africa: exploring avoidant coping as a longitudinal mediator[END_REF] as well as substantial resource shortfalls resulting in insufficient capacity of HIV services [START_REF]treatment on the fast-track by 2018[END_REF].

Our findings suggest that two key strategies may help HIV services foster earlier ART initiation: task-shifting for prescriptions and patient consultations, and involvement of HIV community-based organisations. Although both these strategies were recommended in national guidelines at the time of the study and in the country's 2014-2017 strategic plan for HIV/AIDS [START_REF]National guideline for HIV prevention and care in Cameroon[END_REF][START_REF]Plan stratégique national de lutte contre le VIH, le SIDA et les IST 2014-2017[END_REF], they were not yet implemented in all HIV services. Additional innovative approaches which are less human resource-intensive, are also required to allocate more time to patients initiating ART and decongest HIV services. These could include less frequent clinic attendance for stable patients on treatment, three-monthly drug prescriptions and/or drug pick-up points managed by community-based organizations with the supervision of HIV services [START_REF] Duncombe | Reframing HIV care: putting people at the centre of antiretroviral delivery[END_REF]. The latter approach has been successfully experimented with in the Cameroonian ART programme since 2016 [START_REF] Kameni | Sustaining the community dispensation strategy of HIV antiretroviral through community participation[END_REF][START_REF]Operational guide for community-based ARV dispensation in Cameroon[END_REF]. Further research is needed however to assess the efficiency of these strategies on the time to ART initiation, and to identify the best strategies to optimize the allocation of resources in HIV services, with the aim of achieving universal treatment.

However, the large number of patients in Cameroon who still need ART suggests that without additional funding, implementing such strategies will not be enough. According to the latest UNAIDS estimates [START_REF][END_REF], HIV funding for Western and Central Africa needs to double if the UNAIDS objectives are to be met. More visibility is also required regarding the sustainability of international funding over the long term.

Study limitations

This study has several limitations. First, the ANRS-12288 EVOLCam survey was conducted in only 2 of Cameroon's 10 regions and is therefore not representative of the whole population of PLWHIV followed in the Cameroonian ART programme. However, we selected a representative sample of HIV services in the two regions with some of the highest HIV prevalence rates and largest patient populations. Furthermore, we used a random selection procedure for participant inclusion. Our survey therefore provides quite a comprehensive picture of the HIV-positive population linked to care and treated with ART in the Centre and Littoral regions in 2014.

Second, our study was performed using data obtained from a cross-sectional survey. Accordingly, we were not able to consider potential changes over time in healthcare supply. However, field observations and interviews indicated that changes in staffing levels and equipment allocation occurred relatively slowly. This was also suggested by the comparison of the characteristics of the 9 HIV services which participated in both this survey and the previous EVAL ANRS-12116 survey conducted in 2006-2007.

Third, patient responses regarding their past experience of HIV diagnosis and entry into care may have suffered from recall bias. To limit this bias, clinical information at the time of HIV diagnosis and ART initiation were obtained through medical files and cross-checked with information provided by patients. In addition, we did not have some information which may have affected time to ART initiation, for example the sites where patients had their first HIV positive test, and HIV status disclosure to one's partner after diagnosis. We cannot therefore completely exclude the risk of omitted variable bias (i.e., the bias due to the omission of potential relevant covariates) in the estimations of the parameters of the multivariable Cox model.

Fourth, our study was conducted in 2014 when national guidelines recommended ART initiation for PLWHIV with CD4 count ≤350/mm 3 while current WHO guidelines recommend treatment initiation irrespective of CD4 count [START_REF] Who | Guideline on when to start antiretroviral therapy and on pre-exposure prophylaxis for HIV[END_REF]. These simplified treatment initiation criteria have led to a large increase in the number of ART-eligible and ART-treated patients, which constitutes a great burden for healthcare systems, especially in terms of human resources [START_REF] Bärnighausen | Human Resources for Treating HIV/AIDS: Are the Preventive Effects of Antiretroviral Treatment a Game Changer?[END_REF][START_REF] Atun | Long-term financing needs for HIV control in sub-Saharan Africa in 2015-2050: a modelling study[END_REF]. As Cameroon is still confronted with severe resource shortfalls [START_REF]treatment on the fast-track by 2018[END_REF], it is likely that time to ART initiation has not improved in recent years, and that the health system challenges highlighted in our study are still a reality today, something also suggested by the currently low treatment coverage in the country (48% in 2018) [START_REF][END_REF].

Finally, HIV services participating in the EVOLCam survey were mainly provided in hospitals (national reference level, regional-level and district-level) which limits the generalisability of our results to other settings (mainly southern Africa), where HIV services including ART delivery are decentralized in primary healthcare facilities [START_REF] Uzodike | Adherence by a primary healthcare clinic in KwaZulu-Natal to the national HIV guidelines[END_REF][START_REF] Uebel | Integrating HIV care into nurse-led primary health care services in South Africa: A synthesis of three linked qualitative studies[END_REF]. However, our findings may be relevant for other West and Central African countries where HIV prevalence is low (<1%) to medium (1-5%), and where ART delivery is similarly decentralized at the district level (72).

Conclusions

Our findings provide a better understanding of the role played by healthcare supply-related factors on ART initiation. They suggest that in HIV services suffering from shortfalls in technical and human resources, the development of task-shifting and the involvement of HIV community-based organisations could foster greater and quicker access to treatment. As international HIV funding for Cameroon is decreasing, the question of how to optimize the organisation of HIV services needs to be addressed by the Cameroonian ART programme. However, without additional long-term funding, the country will probably not be able to meet the needs of the ever-growing number of PLWHIV who require prompt ART initiation. 

  Analyses were performed using R software (version 3.4.0) and Stata/SE version 14.2 (College Station, Texas, United States).

  

Table 2 .

 2 Individual factors and HIV-service profiles associated with time to ART initiation: multi-level Cox model (EVOLCam survey, ANRS 12288).

		Total (n=847)	Time to ART initiation (in months)	Univariate analyses (n=847)	Multivariable analyses (n=819)
		n (%)	Mean (SD)	HR [95% CI]	p-value	HR [95% CI]	p-value
	Socio-demographic and economic characteristics				
	Age						
	≤39 years	458 (54)	4.54 (6.49)	1		1	
	>39 years	389 (46)	3.28 (5.00)	1.27 [1.10-1.46] <0.001	1.26 [1.09-1.45]	0.002
	Gender						
	Male	236 (28)	4.16 (5.83)	1		1	
	Female	611 (72)	3.87 (5.89)	1.01 [0.86-1.18]	0.930	1.04 [0.89-1.22]	0.580
	Having a partner						
	(missing data=26)						
	Yes, the same partner since HIV diagnosis	365 (43)	3.88 (5.35)	1			
	Yes, a new partner since HIV diagnosis	104 (12)	4.45 (6.22)	0.88 [0.70-1.09]	0.260		
	No	352 (42)	3.98 (6.42)	1.00 [0.86-1.16]	0.950		
	Education						
	Secondary school or less	778 (92)	3.90 (5.71)	1			
	Higher than secondary school	69 (8)	4.52 (7.45)	0.90 [0.70-1.16]	0.430		
	Living below the						
	absolute poverty line 1						
	(missing data=100)						
	Yes	127 (15)	3.87 (5.63)	1			
	No	620 (73)	4.10 (5.98)	0.99 [0.84; 1.17]	0.940		
	Having an economic						
	activity						
	No	330 (39)	3.82 (5.67)	1			
	Yes	517 (61)	4.04 (6.00)	0.97 [0.84-1.12]	0.700		
	HIV testing experience and HIV services accessibility				
	HIV testing initiative						
	(missing data=1)						
	On patient's own initiative	225 (27)	4.50 (7.06)	1			
	On a healthcare						
	provider's initiative	588 (69)	3.59 (5.07)	1.17 [1.00-1.37]	0.053		
	with informed consent						
	On the partner's initiative	18 (2)	7.38 (10.58)	0.71 [0.43-1.15]	0.160		
	Without being informed	15 (2)	5.91 (6.05)	0.82 [0.48-1.41]	0.480		
	HIV testing performed						
	on the occasion of a						
	pregnancy or delivery						
	(missing data=61)						
	No	715 (84)	3.78 (5.71)	1			
	Yes	71 (8)	4.81 (6.04)	0.84 [0.65-1.08]	0.170		
	Disease symptoms at						
	HIV diagnosis (missing						
	data=1)						
	No	260 (31)	5.04 (7.20)	1		1	
	Yes	586 (69)	3.48 (5.12)	1.29 [1.11-1.51]	0.001	1.21 [1.04-1.41]	0.015

Abbreviations: SD: Standard Deviation; HR: Hazard ratio; [95%CI]: 95% Confidence Interval; ART: Antiretroviral treatment; HSP: HIV service profile

1 

Household monthly income <28310 FCFA i.e. 51 USD.

Table 3 .

 3 Time to ART initiation and proportions of PLWHIV who initiated ART within 1 month of diagnosis and more than 6 months after diagnosis, according to HIV service profiles (EVOLCam survey, ANRS 12288, n=847).

			Time to ART initiation	Number of PLWHIV
	HIV service	Number of	Mean time	Median time	ART initiation	ART initiation
	profiles	PLWHIV	(months)	(months)	<1 month	>6 months
	(HSP)	n (%)	(SD)	[IQR]	n (%)	n (%)
	HSP1	139 (16)	5 (6.9)	2.0 [1.1 -5.9]	29 (21)	33 (24)
	S1	45 (5)	6.3 (8.6)	1.9 [1.0 -11.7]	10 (22)	13 (29)
	S2	35 (4)	5.2 (7.6)	2.6 [1.1 -6.4]	8 (23)	10 (29)
	S3	28 (3)	3 (3.4)	1.6 [0.9 -4.0]	9 (32)	4 (14)
	S4	31 (4)	4.4 (5.1)	2.6 [1.5 -5.2]	2 (6)	6 (19)
	HSP2	249 (29)	3.4 (5.4)	1.5 [0.6 -3.2]	92 (37)	37 (15)
	S5	18 (2)	3.2 (4.5)	1.0 [0.5 -4.2]	8 (44)	3 (17)
	S6	14 (2)	3.6 (5.2)	1.4 [0.3 -2.0]	7 (50)	3 (21)
	S7	86 (10)	2.9 (4.5)	1.3 [0.5 -2.9]	34 (39)	10 (12)
	S8	60 (7)	4.2 (7.2)	1.3 [0.3 -3.0]	25 (42)	11 (18)
	S9	71 (8)	3.3 (5.1)	1.7 [0.9 -3.5]	18 (25)	10 (14)
	HSP3	279 (33)	4.3 (5.7)	1.9 [0.8 -5.9]	84 (30)	67 (24)
	S10	41 (5)	3.6 (4.3)	2.1 [1.0 -4.0]	9 (22)	8 (19)
	S11	72 (9)	5.5 (7.7)	1.7 [0.2 -9.9]	27 (37)	22 (31)
	S12	30 (4)	2.2 (3.3)	0.9 [0.3 -2.4]	18 (60)	4 (13)
	S13	35 (4)	4.6 (5.5)	1.9 [1.1 -6.5]	9 (26)	10 (29)
	S14	80 (9)	4.5 (5.2)	2.6 [1.2 -5.8]	11 (14)	18 (22)
	S15	21 (2)	3.4 (5.3)	1.1 [0.4 -2.8]	10 (48)	5 (24)
	HSP4	180 (21)	3.4 (5.7)	1.0 [0.2 -3.5]	93 (52)	31 (17)
	S16	5 (1)	4.5 (4.7)	1.9 [1.0 -8.1]	1 (20)	2 (40)
	S17	47 (6)	3.9 (6.1)	1.4 [0.2 -3.4]	22 (47)	10 (21)
	S18	77 (9)	3.1 (5.4)	0.5 [0.2 -3.3]	48 (62)	13 (17)
	S19	51 (6)	3.5 (5.9)	1.4 [0.2 -3.7]	22 (43)	6 (12)
	Total	847 (100)	4.0 (5.8)	1.6 [0.5-4.3]	298 (35)	168 (20)

Abbreviations: PLWHIV: People living with HIV; ART: Antiretroviral treatment; SD: Standard Deviation; IQR: Interquartile range; HSP: HIV service profile

Figure 1:

Main characteristics of the HIV services profiles (EVOLCam survey, ANRS 12288, n=19)

  

	No	TSPres0	0.025	0.000	0.091	0.022
	Yes	TSPres1	0.018	0.000	0.066	0.016
	HIV community-based organisation				
	involvement					
	No	Comm0	0.032	0.037	0.053	0.010
	Yes	Comm1	0.029	0.033	0.048	0.009
	Specific ART management					
	No	ARTManag0	0.019	0.014	0.010	0.006
	Yes	ARTManag1	0.007	0.005	0.003	0.002
	Technical capacities					
	Medical imaging equipment					
	No	Imag0	0.019	0.033	0.002	0.002
	Yes	Imag1	0.053	0.094	0.004	0.007
	Availability of CD4 count machine				
	No	CD4Count0	0.013	0.001	0.008	0.017
	Yes	CD4Count1	0.015	0.001	0.009	0.019
	ARV stock-out					
	No	ARVStOut0	0.010	0.001	0.013	0.018
	Yes	ARVStOut1	0.009	0.001	0.012	0.017

Abbreviations: HMU: Management Units; ATC: Accredited Treatment Centres; ARV: Antiretroviral drugs; ART: Antiretroviral treatment.
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Dendrogram for Ward's linkage clustering