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Abstract

Background

We report patient outcomes after antiretroviral therapy (ART) initiation in a network of HIV

facilities in Haiti, including temporal trends and differences across clinics, during the expan-

sion of HIV services in the country.

Methods

We assessed outcomes at 12 months after ART initiation (baseline) using routinely collected

data on adults (�15 years) in 11 HIV facilities from July 2007-December 2013. Outcomes

include death (ascertained from medical records), lost to follow-up (LTF) defined as no visit

> 365 days from ART initiation, and retention defined as being alive and attending care�

365 days from ART initiation. Outcomes were compared across calendar year of ART initia-

tion and across facilities. Risk factors for death and LTF were assessed using Cox propor-

tional hazards and competing risk regression models.

Results

Cumulatively, 9,718 adults initiated ART with median age 37 years (IQR 30–46). Median

CD4 count was 254 cells/uL (IQR 139–350). Twelve months after ART initiation, 4.4% (95%

CI 4.0–4.8) of patients died, 21.7% (95% CI 20.9–22.6) were LTF, and 73.9% (95% CI

73.0–74.8) were retained in care. Twelve-month mortality decreased from 13.8% among

adults who started ART in 2007 to 4.4% in 2013 (p<0.001). Twelve-month LTF after ART

start was 29.2% in 2007, 18.7% in 2008, and increased to 30.1% in 2013 (p<0.001). Overall,

twelve-month retention after ART start did not change over time but varied widely across

facilities from 61.1% to 86.5%.
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Conclusion

Expansion of HIV services across Haiti has been successful with increasing numbers of

patients initiating ART and decreasing twelve-month mortality rates. However, overall reten-

tion has not improved, despite differences across facilities, suggesting additional strategies

to improve engagement in care are needed.

Introduction

Over the past decade, the scale-up of HIV services, particularly access to antiretroviral therapy

(ART), in resource-poor settings has been enormously successful with over 18 million adults

initiating treatment [1]. While these efforts have saved millions of lives, many patients fail to

realize the benefits of ART due to discontinuation of treatment, loss to follow-up (LTF), or

death within the first year of treatment [2–9]. Though the Caribbean is the region most heavily

affected by HIV outside of sub-Saharan Africa, published data on HIV outcomes from the

region are limited [7, 9–12]. Moreover, the available data from HIV programs in the Caribbean

have focused on health outcomes during the earliest era of HIV scale up, when HIV services

were primarily delivered in specialty clinics and hospitals prior to the expansion and decentral-

ization of HIV services across the country [9, 13–15].

Haiti is the poorest country in the Western Hemisphere with the highest adult HIV preva-

lence in the region, which was 6.2% in 1993 and decreased to 1.7% in 2014 [16–19]. An esti-

mated 140,000 adults and 10,000 adolescents currently live with HIV in Haiti, and two-thirds

of cases are in Port-au-Prince [20]. The Haitian Study Group for Kaposi’s Sarcoma and

Opportunistic Infections (GHESKIO) is a non-governmental organization that was established

in 1982 as the first HIV/AIDS clinic in Latin America and the Caribbean [21]. In 2003, GHES-

KIO obtained international funding to provide free ART to eligible patients at its HIV specialty

clinic in Port-au-Prince and has demonstrated dramatic improvements in HIV survival with

the provision of ART [13, 22, 23]. In 2005, GHESKIO partnered with the Haitian Ministry of

Public Health and Population (MSPP) with support from the U.S. President’s Emergency Plan

for AIDS Relief (PEPFAR) to expand HIV testing, care, and treatment across all regions in

Haiti in an effort to further decentralize HIV services to non-HIV specialty centers within

Port-au-Prince and to facilities in rural areas. Through this effort, GHESKIO began supporting

clinics across the country, referred to as the GHESKIO-MSPP network.

The objective of this analysis is to evaluate outcomes during the first twelve months after

ART initiation among adults starting treatment within the GHESKIO-MSPP network from

2007 through 2013. We evaluate mortality, LTF and retention rates at 12-months after ART

initiation, as well as temporal trends and differences across clinics.

Methods

Study setting and population

The study population includes adults� 15 years who initiated ART in the GHESKIO-MSPP

network of HIV facilities with electronic medical records (EMR) from July 1, 2007 through

December 31, 2013. While a small number of network facilities provided ART as early as 2005,

patient-level data was not routinely collected in the iSanté EMR system supported by the

MSPP until in July 2007 [24, 25]. Among 22 facilities in the GHESKIO-MSPP network, 11 had

an available iSanté EMR during the study period. One facility (clinic 11) only had available
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data in the iSanté database through December 31, 2012. All patients had a minimum study fol-

low-up time of 12 months from time of ART initiation. Longitudinal data on pre-ART patients

was not routinely collected in the EMR.

HIV services

Eligibility for ART initiation followed national and WHO guidelines and included WHO

Stage IV and/or CD4 count� 200 cells/uL from 2007 to 2009, and WHO stage III or IV and/

or CD4 count� 350 cells/uL from 2009 through 2013 [26, 27]. From 2007 to 2009, the first-

line ART regimen was zidovudine, lamivudine, and efavirenz or nevirapine, with single-drug

substitutions permitted as outlined by WHO. Tenofovir-based regimens became first-line

treatment in 2010. Clinic visits were monthly for the first three months and then once every

three months. Medications were dispensed monthly to patients. CD4 counts were performed

at time of ART initiation and every six months thereafter; viral load was not routinely mea-

sured. Retention in care and adherence to ART were encouraged by peer counseling and social

support programs. Field workers attempted to find patients who missed a clinic appointment

for up to six months from the date of the missed appointment to ascertain vital status.

Clinical and facility measures

Sociodemographic and clinical measurements at the time of ART initiation included sex, age,

HIV testing point of entry, body weight (kilograms), height (centimeters), WHO Stage, CD4

count, tuberculosis (TB), and ART regimen. Body mass index (BMI) was calculated as kilo-

gram/meter2. Date of ART initiation was defined as the first date that ART was dispensed dur-

ing the study period, with no prior history of documented ART. WHO stage, CD4 count,

weight and height measurement at time of ART were defined as the measurement closest to

ART start date within a 3-month window period. A diagnosis of TB was defined as a docu-

mented TB diagnosis in the iSanté database at the date of ART initiation. Guidelines for TB

diagnosis in Haiti include presence of TB symptoms, chest x-ray suggestive of TB, and positive

microscopy and or culture which is consistent with other studies [23, 28]. Clinic visit and phar-

macy pick-up dates were included from date of ART initiation through date of study censor

(October 1, 2015).

Patient information was documented by health care providers on national patient forms

and subsequently entered by trained data clerks into the iSanté EMR. Data quality assessments

were done quarterly to check for completeness and accuracy comparing paper records to data

in the electronic database.

Facility-level characteristics included facility type (primary, secondary or tertiary) and facil-

ity location (urban or rural/semi-urban) based on characteristics provided by MSPP, as well as

clinic size (number of patients cumulative on ART during the study period).

Definitions of outcomes

Patient outcomes are mutually exclusive and included death, lost to follow-up (LTF) and

retention in care at 12 months after date of ART initiation. Death refers to all-cause mortality

documented in the EMR within 365 days of ART initiation. Lost to follow-up at twelve months

after ART initiation was defined as no documented death or transfer prior to 365 days and no

clinic visit after 365 days from date of ART initiation. Retention at twelve months was defined

as being alive and attending clinic with documented visits in the medical record greater or

equal to 365 days from the date of ART initiation.

Antiretroviral therapy outcomes in Haiti from 2007-2013
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Statistical analysis

De-identified data on sociodemographic and clinical variables were extracted from the EMR.

The probability of mortality after ART initiation was estimated using Kaplan Meier methods,

censoring patients who were lost to follow-up at the time of their last visit. The cumulative

incidence of LTF after ART initiation was estimated by treating death as a competing risk as

outlined by Coviello and Boggess [29]. Patients who transferred were censored at the date of

transfer. The Cochran-Armitage test was used to assess for trends in mortality, LTF and reten-

tion at 12 months after ART initiation over time from 2007 to 2013. Risk factors at ART initia-

tion for mortality and LTF were assessed using Cox proportional hazard models, accounting

for within-clinic correlation between patients with robust sandwich error terms, and sub-dis-

tribution hazard ratios (methods of Fine & Gray), respectively [30]. Missing data were imputed

using the following predictors: sex, age, BMI, CD4 count, WHO stage, documented TB, year

of ART initiation, clinic location and clinic size. We used STATA statistical software (Version

13.0, College Station, Tx) for all analyses.

Ethics

This analysis was approved by the institutional review boards at Weill Cornell Medicine, Cen-

ters for Disease Control, and the Ethics Board at GHESKIO.

Results

Patient and facility characteristics

A total of 9,718 adults� 15 years initiated ART in 11 GHESKIO-MSPP HIV facilities across

Haiti (Table 1). The majority (63%) of patients were female and median age was 37 years (IQR

30–46). Only 855 (9%) were adolescents and youth ages 15–24 years. The majority of patients

were tested for HIV at a voluntary counseling and testing site, with less than 10% tested by pro-

vider-initiated counseling and testing. Median CD4 count was 254 cells/uL (IQR 139–350),

with 28% of patients missing a CD4 count. The proportion of patients with a missing CD4

count at time of ART initiation decreased from 36% in 2007 to 23% in 2013 (p< 0.001). One-

quarter of patients had advanced WHO Stage III/IV disease at time of ART start, with 35%

missing documentation of WHO Staging. Median weight at time of ART initiation for women

was 55 kg (IQR 48–63) and 59 kg (IQR 54–66) for men. Fifteen percent of patients were under-

weight per the WHO definition of BMI< 18.5 kg/m2 [31]. A total of 483 (5%) patients had

documented TB at time of ART initiation.

Fig 1 details the location of the 11 GHESKIO-MSPP network facilities. Five facilities were

located in Port-au-Prince and the remaining six in other provinces. The median number of

patients initiated on ART per facility was 1,514 (IQR 535–1,842, range 437–2,125) during the

study period. The number of patients who initiated ART increased annually from 264 (3% of

all patients in the analysis) in 2007 to 1,989 (21%) in 2011, and subsequently plateaued in 2012

and 2013 (Table 1). Half of patients initiated ART in urban HIV facilities and 62% in second-

ary/tertiary facilities.

Patient outcomes

Twelve-month outcomes after ART initiation among all patients who initiated ART from 2007

through 2013 include the following: 4.4% (95% CI 4.0–4.8) patients died, 21.7% (95% CI 20.9–

22.6) were LTF, and 73.9% (95% CI 73.0–74.8) were retained in care.

Patient characteristics and outcomes after ART initiation over time. From 2007 to

2013, the median age at time of ART initiation remained greater than 35 years and the
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PLOS ONE | https://doi.org/10.1371/journal.pone.0175521 April 24, 2017 4 / 15

https://doi.org/10.1371/journal.pone.0175521


Table 1. Patient and facility characteristics at time of antiretroviral therapy initiation in GHESKIO-sup-

ported HIV facilities in Haiti from July 2007-December 2013 (N = 9,718).

Characteristic N (%)

Female 6145 (63.2%)

Age

Median (IQR) 37 (30–46)

15–19 169 (1.7%)

20–24 686 (7.1%)

25–39 4716 (48.5%)

40–44 1370 (14.1%)

� 45 2679 (27.6%)

Missing 98 (1.0%)

HIV testing point of entry

Voluntary counseling and testing (VCT) 3153 (32.4%)

Provider initiated counseling and testing (PICT) 876 (9.0%)

Community-based testing 748 (7.7%)

Prevention of Mother to Child Transmission program 267 (2.7%)

Missing 4674 (48.1%)

WHO stage

Stage I 1599 (16.5%)

Stage II 2246 (23.1%)

Stage III 1517 (15.6%)

Stage IV 990 (10.2%)

Missing 3366 (34.6%)

CD4 cell count (cells/uL)

Median (IQR) 254 (139–350)

< 100 1290 (13.3%)

100–199 1339 (13.8%)

200–349 2583 (26.6%)

> = 350 1809 (18.6%)

Missing 2697 (27.8%)

Weight (kg)

Median all patients (IQR) 56.7 (49.9, 64.2)

Median men (IQR) 59.4 (53.5, 65.5)

Median women (IQR) 54.9 (48.0, 63.0)

Missing 1226 (12.6%)

BMI (kg/m2)

< 18.5 1437 (14.8%)

18.5–24.9 4881 (50.2%)

25–29.9 1002 (10.3%)

� 30 284 (2.9%)

Missing 2114 (21.8%)

Documented tuberculosis 483 (5.0%)

Antiretroviral Regimen

zidovudine, lamivudine, efavirenz/nevirapine 6840 (70.4%)

tenofovir, lamivudine/efavirenz/nevirapine 2027 (20.9%)

Other 851 (8.8%)

Year of Antiretroviral Initiation

2007 264 (2.7%)

(Continued )
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majority of patients were female (Table 2). Among 7,021 (72%) patients with a CD4 count at

time of ART initiation, the median CD4 count increased from 152 cells/uL (IQR 73–237) in

2007 to 293 cells/uL (IQR 171–418) in 2013 (p<0.001). Among 6,352 (65%) patients with a

documented WHO Stage, the proportion with Stage III/IV decreased from 59% to 38% over

time (p<0.001).

The trend in the 12-month mortality rate after ART initiation decreased from 13.8% (95%

CI 9.8–19.1) in 2007 to 4.4% (95% CI 3.5–5.6) in 2013 (p< 0.001) (Table 2, Fig 2). LTF rates at

12 months after ART initiation initially decreased from 28.0% (95% CI 22.7–33.5) in 2007 to

15.3% (95% CI 13.4–17.2) in 2010 and then increased to 29.6% (95% CI 27.5–31.7) in 2013,

with an overall increasing trend from 2007 to 2013 (p< 0.001). Excluding data from 2007, a

decreasing trend in mortality and increasing trend in LTF were still observed (p<0.001).

There was no significant trend in retention at 12 months after ART initiation over time: 60.2%

(95% CI 54.1–65.8) in 2007 as compared to 66.7% (95% CI 64.5–68.9) in 2013 (p = 0.081).

The overall mortality rate in the first three months was 7.1 deaths/100 person years as com-

pared to 2.6 deaths/100 PY from one to five years after ART initiation among patients with fol-

low-up time greater than one year (S1 Table). The mortality rate in the first year decreased

from 17.8 deaths/100 PY in 2007 to 4.9 deaths/100 PY in 2013. The overall LTF rate in the first

year after ART initiation was 26.7/100 PY as compared to 14.4/100 PY after the first year

through year five. Approximately one-third of patients who were lost in the first year only

attended one clinic visit (N = 625/2106, 30%). The proportion of one-visit-only patients

decreased three fold from 2007 to 2013 (S1 Table).

Differences across HIV facilities. Across HIV facilities, median age differed from 35

years to 42 years (p< 0.001) (Table 2). Median CD4 count at time of ART initiation ranged

widely from 168 cells/ul to 358 cells/ul across facilities (p<0.001). The proportion of patients

with WHO Stage III/IV varied from 13% to 63% (p<0.001). The clinics with the highest pro-

portion of patients with advanced WHO Stage were facilities in Port-au-Prince and those that

provided treatment for both HIV and TB.

Table 1. (Continued)

Characteristic N (%)

2008 1058 (10.9%)

2009 1373 (14.1%)

2010 1429 (14.7%)

2011 1989 (20.5%)

2012 1841 (18.9%)

2013 1764 (18.2%)

Facility type

Secondary/tertiary 5985 (61.6%)

Primary 3733 (38.4%)

Facility location

Urban 4994 (51.4%)

Rural/semi-urban 4724 (48.6%)

Facility Size

Median (IQR) 1514 (535–1842)

Range 437–2125

< 1000 patients 4237 (43.6%)

> 1000 patients 5481 (56.4%)

https://doi.org/10.1371/journal.pone.0175521.t001
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Mortality rates at 12-months after ART initiation ranged from 1.6% (95% CI 0.8–3.3) to

8.7% (95% CI 6.5–11.6) across clinics (p< 0.001) (Table 2, Fig 2). Rates of LTF at 12-months

after ART initiation ranged even more dramatically from 5.9% (95% CI 4.0–8.4) to 37.5%

(95% CI 35.2–40.0) (p< 0.001). Overall retention at 12-months ranged from 61.1% (95% CI

58.9–63.3) to 86.5% (95% CI 82.9–89.4) (p< 0.001).

Predictors of death and lost to follow-up at 12-months after ART initiation. Individ-

ual-levels factors associated with death at 12-months after ART initiation include male gender

(adjusted hazard ratio (aHR) 1.3, 95% CI 1.1–15), WHO Stage III/IV (aHR 1.3, 95% CI 1.0–

1.7), CD4 count < 100 cells/uL (aHR 2.6, 95% CI 1.7–4) and BMI < 18.5 kg/m2 (aHR 2.0, 95%

CI 1.3–3.1) (Table 3). No facility-level factor was associated with increased risk of death. There

was no interaction between CD4 count cells/uL and calendar year.

All patients older than or equal to 25 years, as compared to 20–24 year-olds, had a decreased

risk of LTF. Patients with WHO Stage III/IV disease had a 30% increased risk of LTF as com-

pared to patients with WHO Stage I/II disease (aSHR 1.3, 95% CI 1.2–1.5). Patients who

Fig 1. Map of included HIV facilities (N = 11) in Haiti.

https://doi.org/10.1371/journal.pone.0175521.g001
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initiated ART in HIV facilities with� 1000 cumulative patients on ART during the study

period, were at higher risk for LTF as compared to those as smaller clinics (aSHR 1.6, 95% CI

1.5–1.8). Additionally, patients who initiated ART at rural or semi-urban clinics, as compared

to urban clinics, were less likely to be LTF (aSHR 0.7, 95% CI 0.7–0.8).

Discussion

This cohort study of 11 HIV facilities includes approximately 10,000 patients and reports out-

comes during the first year after ART initiation during a period of expansion of HIV services

Table 2. Patient characteristics and outcomes of adults initiating antiretroviral therapy by calendar year of initiation and by HIV facility.

No. of

Patients

Median follow-

up time days

(IQR)

Median ART

pickups (IQR)

Age

Median

(IQR)

Female N

(%)

CD4

CountMedian

(IQR)

WHO Stage

III/IVN (%)

12 month

Mortality (95%

CI)

12 month Lost

to Follow-Up

(95% CI)

12 month

Retention (95%

CI)

Year of ART

Initiation

2007 264 N/A N/A 38 (32–46) 160

(60.1)

152 (73–237) 107 (59.4) 13.8 (9.8–

19.1)

28.0 (22.7–33.5) 60.2 (54.1–

65.8)

2008 1058 N/A N/A 38 (31–45) 662

(62.6)

190 (95–292) 332 (48.6) 5.5 (4.3–7.2) 18.3 (16.0–20.7) 76.6 (73.9–

79.1)

2009 1373 N/A N/A 37 (30–46) 796

(58.0)

219 (131–299) 423 (44.2) 5.2 (4.1–6.6) 17.8 (15.8–19.8) 77.5 (75.2–

79.6)

2010 1429 N/A N/A 38 (30–46) 908

(63.5)

226 (117–321) 398 (40.7) 5.4 (4.3–6.7) 15.3 (13.4–17.2) 79.7 (77.5–

81.7)

2011 1989 N/A N/A 37 (30–45) 1268

(63.8)

275 (153–372) 472 (35.9) 3.5 (2.8–4.5) 20.7 (19.0–22.5) 76.2 (74.2–

78.0)

2012 1841 N/A N/A 37 (30–46) 1195

(64.9)

292 (168–437) 423 (32.3) 4.3 (3.4–5.4) 24.3 (22.3–26.3) 71.9 (69.8–

73.9)

2013 1764 N/A N/A 36 (29–46) 1156

(65.5)

293 (171–418) 352 (37.9) 4.4 (3.5–5.6) 29.6 (27.5–31.7) 66.7 (64.5–

68.9)

p = 0.048 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p = 0.081

HIV Facility

Clinic 1 1514 805 (308–

1393)

16 (7–30) 36 (30–44) 964

(63.7)

256 (153–340) 272 (25.7) 3.0 (2.2–4.1) 16.0 (14.1–17.8) 81.3 (79.2–

83.2)

Clinic 2 1842 392 (15–932) 6 (2–13) 37 (30–45) 1265

(68.7)

308 (192–446) 793 (59.7) 1.7 (1.2–2.5) 37.5 (35.2–40.0) 61.1 (58.9–

63.3)

Clinic 3 535 619 (245–

1361)

11 (4–24) 38 (31–46) 361

(67.5)

168 (134–175) 60 (20.1) 2.4 (1.3–4.2) 23.2 (20.0–26.8) 74.8 (70.9–

78.2)

Clinic 4 585 618 (150–

1164)

11 (4–21) 38 (30–45) 378

(64.6)

358 (219–526) 106 (22.6) 7.0 (5.1–9.4) 18.8 (15.8–22.1) 74.5 (70.8–

77.9)

Clinic 5 518 623 (250–

1058)

15 (7–27) 35 (29–43) 330

(63.7)

285 (204–358) 33 (12.6) 1.6 (0.8–3.3) 25.3 (21.6–29.1) 73.6 (69.5–

77.1)

Clinic 6 475 711 (224–

1326)

13 (6–23) 37 (31–45) 288

(60.6)

237 (124–342) 148 (49.7) 5.9 (4.0–8.5) 13.9 (11.0–17.2) 80.8 (77.0–

84.1)

Clinic 7 452 560 (124–

1038)

6 (3–10) 42 (34–50) 226

(50.0)

168 (64–307) 103 (47.5) 6.2 (4.2–9.1) 31.4 (27.2–35.7) 63.7 (59.1–

68.0)

Clinic 8 719 667 (296–

1232)

16 (8–29) 36 (29–45) 439

(61.1)

270 (124–387) 139 (30.3) 6.4 (4.8–8.6) 13.2 (10.9–15.8) 80.7 (77.6–

83.4)

Clinic 9 437 861 (463–

1556)

18 (10–33) 37 (30–47) 283

(64.8)

199 (73–314) 182 (63.0) 7.8 (5.6–10.8) 5.9 (4.0–8.4) 86.5 (82.9–

89.4)

Clinic 10 2125 610 (161–

1249)

10 (5–18) 37 (30–47) 1193

(56.1)

219 (102–314) 562 (39.9) 6.5 (5.5–7.7) 20.4 (18.7–22.1) 73.6 (71.7–

75.4)

Clinic 11 516 786 (440–

1255)

17 (10–27) 37 (30–46) 331

(64.1)

234 (153–314) 109 (41.0) 8.7 (6.5–11.6) 10.2 (7.8–13.1) 81.6 (78.0–

84.7)

p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001

P values: Cochrane-Armitage test use for trend in 12-month outcomes. Chi Square for differences in sex and WHO Stage; log-rank test for differences in

12-month outcomes across clinics; Kruskal-Wallis for differences in age and CD4 count.

https://doi.org/10.1371/journal.pone.0175521.t002
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in Haiti. From 2007 through 2013, there was a steady increase in the number of patients initiat-

ing ART in this network of HIV facilities. At 12 months after ART initiation, 4.4% of the study

population died, 21.7% were lost to follow-up, and 73.9% were alive and retained in care.

While there was a decreased trend in mortality rates at 12-months after ART initiation, LTF

increased such that there was ultimately no improvement in retention over time. Additionally,

a substantial heterogeneity in outcomes was seen across clinics and warrants further investiga-

tion to understand best practices in clinics with optimal outcomes to share with poorer per-

forming clinics.

This study’s overall mortality rate at 12 months after ART initiation of 4.4% is slightly lower

than rates from other studies in low and middle-income countries and from patients treated at

GHESKIO’s central HIV specialty clinic in Port-au-Prince [9]. In a meta-analysis of 25 HIV

programs in Africa and Asia, 12-month mortality after ART initiation from 2003 to 2007 was

6.8% (10). In a meta-analysis of 7 countries in the Caribbean and Latin America, including

patients from GHESKIO specialty clinic, from 2000–2013, one-year mortality after ART initia-

tion was 5.4% [11]. Our cohort’s lower mortality could reflect higher CD4 counts at ART initi-

ation, improvements in care, and under-documentation of deaths. For example, our cohort’s

median CD4 count of 254 cells/uL is much higher than median CD4 counts of 100–120 cells/

uL reported from cohorts in other low and middle-income countries including Haiti, and

likely reflects changes in ART eligibility guidelines and earlier presentation for treatment [9,

14, 32].

Our finding of a decrease trend in 12-month mortality among patients initiating ART from

2007 to 2013 is similar to findings from an analysis of 12-month mortality trends across 8 clin-

ics in South Africa, which reports mortality decreased from 8.9% in 2002 to 5.6% in 2007 [7].

Fig 2. Death, lost to follow-up and retention at 12-months after ART initiation among adults initiating ART in GHESKIO-MSPP facilities in

Haiti from 2007 to 2013. Median point estimates are plotted with 95% Confidence Interval bars.

https://doi.org/10.1371/journal.pone.0175521.g002
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Factors associated with one-year mortality in this study, including male gender, advanced

WHO Stage and CD4< 100 cells/uL, are similar to other studies [7, 10, 11]. Interestingly, even

when controlling for all known factors, there is still an association between calendar year of

ART initiation and mortality. Patients who initiated treatment in years after 2007, had a 50%

Table 3. Patient and facility characteristics associated with death and lost to follow-up at 12 months after antiretroviral initiation.

Death12 months after ART Initiation Lost to Follow-Up 12 months after ART Initiation

UnadjustedHR 95% CI AdjustedHR 95% CI UnadjustedSHR 95% CI AdjustedSHR 95% CI

Patient Characteristic

Sex

Female reference

Male 1.5* 1.3–1.8 1.3* 1.1–1.5 1.0 0.9–1.1 1.1 1.0–1.2

Age category

15–19 1.2 0.6–2.4 1.0 0.5–2.1 1.1 0.8–1.5 1.0 0.7–1.3

20–24 Reference

25–39 1.0 0.7–1.4 0.9 0.6–1.4 0.7* 0.6–0.8 0.6* 0.6–0.7

40–44 1.2 0.9–1.7 1.0 0.7–1.4 0.6* 0.5–0.7 0.5* 0.4–0.6

> = 45 1.4 0.9–2.0 1.1 0.7–1.6 0.5* 0.4–0.6 0.5* 0.4–0.6

WHO Stage

I/II Reference

III/VI 1.7* 1.2–2.4 1.3^ 1.0–1.7 1.4* 1.2–1.5 1.3* 1.2–1.5

CD4 Count (cells/uL)

<100 4.2* 3.0–6.1 2.6* 1.7–4.0 1.0 0.9–1.2 1.1^ 1.0–1.3

100–199 2.0* 1.3–3.1 1.5^ 1.0–2.4 0.7* 0.6–0.8 0.8* 0.7–1.0

200–349 1.3 0.8–2.0 1.1 0.7–1.7 0.8* 0.7–0.9 0.8* 0.7–0.9

>350 reference

BMI (kg/m2)

< 18.5 2.9* 2.0–4.1 2.0* 1.3–3.1 1.0 0.9–1.2 1.1 0.9–1.2

�18.5 Reference

Documented TB

No Reference

Yes 1.3 0.8–2.1 0.7 0.4–1.2 1.0 0.8–1.2 1.0 0.8–1.3

Calendar year of initiation

2007 Reference

2008 0.4* 0.2–0.7 0.5* 0.3–0.8 0.6* 0.4–0.8 0.6* 0.4–0.8

2009 0.4* 0.2–0.6 0.4* 0.3–0.7 0.6* 0.4–0.7 0.6* 0.5–0.8

2010 0.4* 0.2–0.7 0.5 0.3–1.0 0.5* 0.3–0.6 0.5* 0.4-.07

2011 0.2* 0.1–0.5 0.4* 0.2–0.8 0.7* 0.5–0.9 0.7* 0.5–0.9

2012 0.3* 0.2–0.5 0.4* 0.2–0.8 0.8^ 0.6–1.0 0.9 0.7–1.1

2013 0.3* 0.1–0.6 0.5 0.2–1.1 0.9 0.7–1.2 1.0 0.8–1.3

Facility Characteristics

Location

Urban Reference

Rural 2.4* 1.5–3.9 1.7 0.9–3.1 0.7* 0.6–0.7 0.7* 0.7–0.8

Facility Size

< 1000 patients Reference

�1000 patients 0.7 0.3–1.4 0.8 0.5–1.3 1.8* 1.6–1.9 1.6* 1.5–1.8

*p value < 0.05,

^p value < 0.10

https://doi.org/10.1371/journal.pone.0175521.t003
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lower risk of death as compared to those who initiated in 2007, which cannot be explained by

other factors available in our dataset. This may be due to non-measurable factors such as

improved clinician ART management with increased experience over time, fewer drug stock-

outs, or improved diagnostic capacity and management of comorbid diseases and opportunis-

tic infections.

Direct comparison of our results of LTF to other studies may be limited given differences in

definitions of LTF across studies. Our rates of LTF are higher than the rate of 16.1 persons/100

PY who were lost in the first six months of treatment reported among patients who initiated

ART between 1999 and 2008 in the GHESKIO HIV specialty clinic in Port-au-Prince [9]. Our

results of an increasing trend in LTF over time are similar to LTF trends reported from other

HIV programs in developing countries [7, 33–36]. Possible reasons for the increasing trend

include increased undocumented transfers to other clinics, deteriorating retention in the face

of increasing patient loads, and data management challenges [37–39]. Another reason could

be increases in the number of unascertained deaths among patients who are categorized as

lost; however, studies that have linked patient records to national vital registrations or have

tracked lost patients to ascertain vital status have not found increasing rates of mortality over

time [40, 41]. Larger program size was associated with increased risk of LTF in this analysis,

which has been seen across other HIV programs in developing countries. In a meta-analysis of

25 HIV programs in Africa and Asia, program size was associated with a seven-fold increase in

risk of LTF [10].

Undocumented, or silent, transfers are hypothesized to be a significant problem in Haiti by

local HIV providers. Unfortunately, there is no unique national identification number in Haiti

to track patients across clinics in the EMR. Our study found that patients who initiated ART

in urban HIV facilities were more likely to be LTF which may be due, in part, to patients trans-

ferring without documentation to clinics closer to their homes in rural areas. Currently, the

MSPP is evaluating a finger-print tracking system as a unique identifier of HIV patients across

sites to better understand patient transfer and migration. The fact that 30% of patients who ini-

tiated ART in this cohort never returned to the clinic also points to a subgroup of LTF patients

who may be distinct from patients who disengage later during care, and additional research is

needed to understand each group’s unique barriers to care. Data management is another chal-

lenge given the poor physical infrastructure of the electronic medical record system in these

clinics. In an assessment of data quality of variables in the iSanté database, TB status and ART

eligibility were incomplete 20–40% of the time, and discontinuation forms, which document

dates of transfer, death, and LTF status were entered late [42].

Of note, there are no significant differences in outcomes noted in the year following the his-

toric earthquake which occurred in January 2010. Comparing outcomes among patients who

initiated ART in the year prior to the earthquake in 2009 to 2010, the cumulative incidence of

mortality was 5.2 (95% CI 4.1–6.6) versus 5.4 (95% CI 4.3–6.7) with overlapping confidence

intervals. Lost to follow-up was also similar in 2009 at 17.8 (95%CI: 15.8–19.8) and in 2010 was

15.3 (95%CI: 13.4–17.2) with overlapping confidence intervals. This is a similar finding to pre-

vious analyses we have conducted pre- and post-earthquake reporting that the 2010 earth-

quake did not significantly impact outcomes of LTF or death among HIV patients [43].

Multiple interventions are being evaluated to improve retention in care among patients

who start ART in Haiti. Early work with directly observed therapy for ART using community

workers has shown promising results [44]. Fast tracking stable patients on ART, defined as

patients who are retained in care at 6 months after ART start with excellent medication adher-

ence, has also been associated with high retention in a pilot study at the GHESKIO HIV spe-

cialty clinic [45].
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The marked heterogeneity in outcomes across facilities has been reported in other multi-

country cohort studies [8, 9, 11, 36]. Differences could in part be explained by differences in

undocumented deaths among patients categorized as lost. Other explanations include differ-

ences in demographics in the HIV epidemic across the country, internal migration and social

and economic conditions across the country, as well as facility-level characteristics such as

staffing, provider competency, laboratory and pharmacy equipment, and quality of care mea-

sures such as screening and treatment of opportunistic infections. Interestingly, the clinic with

the highest 12-month retention (86.5%) and most balanced rates of death and lost to follow-

up (7.8% and 6.2% respectively) was clinic 9 which is located on the small island of Ile de la

Gonave where there may be lower migration rates to other clinics. In contrast, clinics 2, 3, and

4 had the poorest retention are located near slums of Port-au-Prince which are areas of high

migration.

A strength of this study is the inclusion of a unique set of HIV facilities in Haiti that have

not previously been reported. The majority of ART outcomes in Haiti have been previously

reported from the GHESKIO central clinic in Port-au-Prince, which is a specialty clinic

included in the CCASAnet cohort (Caribbean, Central and South American Network for HIV

research), and a regional leader in both HIV research and service delivery [9, 11, 13, 21, 23, 28,

46]. Limitations of this analysis include the use of routinely collected patient data which lack

vital status for patients who are categorized as lost and the inability to track patients who

receive care at multiple facilities due to the lack of unique patient identifier. Additionally, we

lack data on HIV transmission mode and risk behaviors to evaluate the scale up of services

among vulnerable populations such as men who have sex with men and commercial sex work-

ers. Despite these limitations, this cohort represents a large proportion of the clinics responsi-

ble for the rapid decentralization of ART across Haiti and is likely generalizable to other clinics

with similar geographic and patient characteristics.

Conclusion

Despite multiple social and economic challenges that occurred in Haiti during the study

period, including political instability, a catastrophic earthquake in 2010, and a devastating

cholera epidemic, Haiti was able to successfully expand HIV services across the country [15].

This study reports both the successes and ongoing challenges of the ongoing expansion of HIV

services across Haiti and adds to the literature of ART outcomes among earlier cohorts of

patients receiving care prior to 2007 in the Caribbean [9, 14]. While it is encouraging that mor-

tality rates in the first year of treatment have steadily decreased over time, more work is needed

to decrease high rates of loss to follow-up in order to optimize health outcomes and further

curb the epidemic on a population level.

Supporting information

S1 Table. Rates of mortality and lost to follow-up after antiretroviral initiation and by

HIV facility.

(DOCX)

Author Contributions

Conceptualization: MM MU PJ SG JEM DF JP.

Data curation: MM MU PJ SG JEM VR LR DJK.

Formal analysis: MM MU LR DJK.

Antiretroviral therapy outcomes in Haiti from 2007-2013

PLOS ONE | https://doi.org/10.1371/journal.pone.0175521 April 24, 2017 12 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0175521.s001
https://doi.org/10.1371/journal.pone.0175521


Funding acquisition: DF JP.

Investigation: MM MU PJ SG JEM SK JWD DF JP.

Methodology: MM MU DJK SK DF JP LR.

Project administration: MM PJ DF JP VR.

Resources: MM DF JP.

Software: MU MM LR.

Supervision: MM PJ SK JWD WJ DF JP.

Validation: MM MU DF LR.

Visualization: MM MU DJK.

Writing – original draft: MM.

Writing – review & editing: MM MU PJ VR LR SG JEM DJK SK JWD WJ DF JP.

References
1. UNAIDS. UNAIDS Website. http://www.unaids.org/en/resources/presscentre/pressreleaseand

statementarchive/2015/july/20150714_PR_MDG6report Geneva: UNAIDS; 2016 [cited 2016 May 24].

2. Auld AF, Ekra KA, Shiraishi RW, Tuho MZ, Kouakou JS, Mohamed F, et al. Temporal trends in treat-

ment outcomes for HIV-1 and HIV-2-infected adults enrolled in Cote d’Ivoire’s national antiretroviral

therapy program. PLoS One. 2014; 9(5):e98183. https://doi.org/10.1371/journal.pone.0098183 PMID:

24866468

3. Auld AF, Agolory SG, Shiraishi RW, Wabwire-Mangen F, Kwesigabo G, Mulenga M, et al. Antiretroviral

Therapy Enrollment Characteristics and Outcomes Among HIV-Infected Adolescents and Young Adults

Compared with Older Adults—Seven African Countries, 2004–2013. MMWR Morb Mortal Wkly Rep.

2014; 63(47):1097–103. PMID: 25426651

4. Fox MP, Rosen S. Patient retention in antiretroviral therapy programs up to three years on treatment in

sub-Saharan Africa, 2007–2009: systematic review. Trop Med Int Health. 2010; 15 Suppl 1:1–15. Epub

2010/07/14.

5. Fox MP, Rosen S. Retention of Adult Patients on Antiretroviral Therapy in Low- and Middle-Income

Countries: Systematic Review and Meta-analysis 2008–2013. J Acquir Immune Defic Syndr. 2015; 69

(1):98–108. https://doi.org/10.1097/QAI.0000000000000553 PMID: 25942461

6. Brinkhof MW, Pujades-Rodriguez M, Egger M. Mortality of patients lost to follow-up in antiretroviral

treatment programmes in resource-limited settings: systematic review and meta-analysis. PLoS One.

2009; 4(6):e5790. Epub 2009/06/06. https://doi.org/10.1371/journal.pone.0005790 PMID: 19495419

7. Cornell M, Grimsrud A, Fairall L, Fox MP, van Cutsem G, Giddy J, et al. Temporal changes in pro-

gramme outcomes among adult patients initiating antiretroviral therapy across South Africa, 2002–

2007. AIDS. 2010; 24(14):2263–70. https://doi.org/10.1097/QAD.0b013e32833d45c5 PMID:

20683318

8. McNairy ML, Lamb MR, Abrams EJ, Elul B, Sahabo R, Hawken MP, et al. Use of a Comprehensive HIV

Care Cascade for Evaluating HIV Program Performance: Findings From 4 Sub-Saharan African Coun-

tries. J Acquir Immune Defic Syndr. 2015; 70(2):e44–51. https://doi.org/10.1097/QAI.

0000000000000745 PMID: 26375466

9. Koenig SP, Rodriguez LA, Bartholomew C, Edwards A, Carmichael TE, Barrow G, et al. Long-term anti-

retroviral treatment outcomes in seven countries in the Caribbean. J Acquir Immune Defic Syndr. 2012;

59(4):e60–71. https://doi.org/10.1097/QAI.0b013e318245d3c1 PMID: 22240464

10. Grimsrud A, Balkan S, Casas EC, Lujan J, Van Cutsem G, Poulet E, et al. Outcomes of antiretroviral

therapy over a 10-year period of expansion: a multicohort analysis of African and Asian HIV programs.

J Acquir Immune Defic Syndr. 2014; 67(2):e55–66. https://doi.org/10.1097/QAI.0000000000000268

PMID: 24977472

11. Carriquiry G, Fink V, Koethe JR, Giganti MJ, Jayathilake K, Blevins M, et al. Mortality and loss to follow-

up among HIV-infected persons on long-term antiretroviral therapy in Latin America and the Caribbean.

J Int AIDS Soc. 2015; 18:20016. https://doi.org/10.7448/IAS.18.1.20016 PMID: 26165322

Antiretroviral therapy outcomes in Haiti from 2007-2013

PLOS ONE | https://doi.org/10.1371/journal.pone.0175521 April 24, 2017 13 / 15

http://www.unaids.org/en/resources/presscentre/pressreleaseandstatementarchive/2015/july/20150714_PR_MDG6report
http://www.unaids.org/en/resources/presscentre/pressreleaseandstatementarchive/2015/july/20150714_PR_MDG6report
https://doi.org/10.1371/journal.pone.0098183
http://www.ncbi.nlm.nih.gov/pubmed/24866468
http://www.ncbi.nlm.nih.gov/pubmed/25426651
https://doi.org/10.1097/QAI.0000000000000553
http://www.ncbi.nlm.nih.gov/pubmed/25942461
https://doi.org/10.1371/journal.pone.0005790
http://www.ncbi.nlm.nih.gov/pubmed/19495419
https://doi.org/10.1097/QAD.0b013e32833d45c5
http://www.ncbi.nlm.nih.gov/pubmed/20683318
https://doi.org/10.1097/QAI.0000000000000745
https://doi.org/10.1097/QAI.0000000000000745
http://www.ncbi.nlm.nih.gov/pubmed/26375466
https://doi.org/10.1097/QAI.0b013e318245d3c1
http://www.ncbi.nlm.nih.gov/pubmed/22240464
https://doi.org/10.1097/QAI.0000000000000268
http://www.ncbi.nlm.nih.gov/pubmed/24977472
https://doi.org/10.7448/IAS.18.1.20016
http://www.ncbi.nlm.nih.gov/pubmed/26165322
https://doi.org/10.1371/journal.pone.0175521


12. Auld AF, Mbofana F, Shiraishi RW, Sanchez M, Alfredo C, Nelson LJ, et al. Four-year treatment out-

comes of adult patients enrolled in Mozambique’s rapidly expanding antiretroviral therapy program.

PLoS One. 2011; 6(4):e18453. https://doi.org/10.1371/journal.pone.0018453 PMID: 21483703

13. Severe P, Leger P, Charles M, Noel F, Bonhomme G, Bois G, et al. Antiretroviral therapy in a thousand

patients with AIDS in Haiti. N Engl J Med. 2005; 353(22):2325–34. https://doi.org/10.1056/

NEJMoa051908 PMID: 16319381

14. Tuboi SH, Schechter M, McGowan CC, Cesar C, Krolewiecki A, Cahn P, et al. Mortality during the first

year of potent antiretroviral therapy in HIV-1-infected patients in 7 sites throughout Latin America and

the Caribbean. J Acquir Immune Defic Syndr. 2009; 51(5):615–23. https://doi.org/10.1097/QAI.

0b013e3181a44f0a PMID: 19430306

15. Rouzier V, Farmer PE, Pape JW, Jerome JG, Van Onacker JD, Morose W, et al. Factors impacting the

provision of antiretroviral therapy to people living with HIV: the view from Haiti. Antivir Ther. 2014; 19

Suppl 3:91–104.

16. WHO. Summary Country Profile for HIV/AIDS Treatment Scale-up. http://www.who.int/hiv/HIVCP_HTI.

pdf Geneva2005 [cited April 1 2015].

17. UNAIDS, Haitian Ministry of Public Health and Population. Declaration d’Engagement sur le VIH/SIDA,

Rapport de Situation National Haiti, Mars 2014. Geneva: UNAIDS, 2012.

18. Joint United Nations Programme on HIV/AIDS. Global Report: UNAIDS report on the global AIDS epi-

demic 2013. Geneva: Joint United Nations Programme on HIV/AIDS; 2013.

19. UNAIDS. HIV and AIDS Estimates (2015): Haiti. http://www.unaids.org/en/regionscountries/countries/

haiti 2015 [cited 2016 October 3].

20. UNAIDS. Haiti: Epidemiological Fact Sheet. http://www.unaids.org/en/dataanalysis/datatools/aidsinfo

2014 [cited 2014 December 12].

21. Pape JW, Severe PD, Fitzgerald DW, Deschamps MM, Joseph P, Riviere C, et al. The Haiti research-

based model of international public health collaboration: the GHESKIO Centers. J Acquir Immune Defic

Syndr. 2014; 65 Suppl 1:S5–9.

22. Leger P, Charles M, Severe P, Riviere C, Pape JW, Fitzgerald DW. 5-year survival of patients with

AIDS receiving antiretroviral therapy in Haiti. N Engl J Med. 2009; 361(8):828–9. https://doi.org/10.

1056/NEJMc0809485 PMID: 19692699

23. Pierre S, Jannat-Khah D, Fitzgerald DW, Pape J, McNairy ML. 10-Year Survival of Patients with AIDS

Receiving Antiretroviral Therapy in Haiti. N Engl J Med. 2016; 374(4):397–8. https://doi.org/10.1056/

NEJMc1508934 PMID: 26816026

24. Matheson AI, Baseman JG, Wagner SH, O’Malley GE, Puttkammer NH, Emmanuel E, et al. Implemen-

tation and expansion of an electronic medical record for HIV care and treatment in Haiti: an assessment

of system use and the impact of large-scale disruptions. Int J Med Inform. 2012; 81(4):244–56. https://

doi.org/10.1016/j.ijmedinf.2012.01.011 PMID: 22361158

25. Puttkammer N, Zeliadt S, Balan JG, Baseman J, Destine R, Domercant JW, et al. Development of an

electronic medical record based alert for risk of HIV treatment failure in a low-resource setting. PLoS

One. 2014; 9(11):e112261. https://doi.org/10.1371/journal.pone.0112261 PMID: 25390044

26. WHO. Anitretroviral Therapy for HIV Infection in Adults and Adolescents: Recommendations for a public

health approach, 2006 revision. Geneva: WHO, 2006.

27. WHO. Rapid advice: antiretroviral therapy for HIV infection in adults and adoleslcents. Geneva: WHO,

2009.

28. Koenig SP, Bernard D, Devieux JG, Atwood S, McNairy ML, Severe P, et al. Trends in CD4 Count Test-

ing, Retention in Pre-ART Care, and ART Initiation Rates over the First Decade of Expansion of HIV

Services in Haiti. PLoS One. 2016; 11(2):e0146903. https://doi.org/10.1371/journal.pone.0146903

PMID: 26901795

29. Coviello V, Boggess M. Cumulative incidence estimation in the presence of competing risks. STATA

journal. 2004; 4:103–12.

30. Fine J G R. A proportional hazards model for the subdistribution of a competing risk. Journal of the

American Statistical Association. 1999; 94:496–509.

31. WHO. WHO BMI Classification. http://apps.who.int/bmi/index.jsp?introPage=intro_3.html Accessed

August 24, 2016 2016 [cited 2016 August 24].

32. Braitstein P, Brinkhof MW, Dabis F, Schechter M, Boulle A, Miotti P, et al. Mortality of HIV-1-infected

patients in the first year of antiretroviral therapy: comparison between low-income and high-income

countries. Lancet. 2006; 367(9513):817–24. https://doi.org/10.1016/S0140-6736(06)68337-2 PMID:

16530575

Antiretroviral therapy outcomes in Haiti from 2007-2013

PLOS ONE | https://doi.org/10.1371/journal.pone.0175521 April 24, 2017 14 / 15

https://doi.org/10.1371/journal.pone.0018453
http://www.ncbi.nlm.nih.gov/pubmed/21483703
https://doi.org/10.1056/NEJMoa051908
https://doi.org/10.1056/NEJMoa051908
http://www.ncbi.nlm.nih.gov/pubmed/16319381
https://doi.org/10.1097/QAI.0b013e3181a44f0a
https://doi.org/10.1097/QAI.0b013e3181a44f0a
http://www.ncbi.nlm.nih.gov/pubmed/19430306
http://www.who.int/hiv/HIVCP_HTI.pdf
http://www.who.int/hiv/HIVCP_HTI.pdf
http://www.unaids.org/en/regionscountries/countries/haiti
http://www.unaids.org/en/regionscountries/countries/haiti
http://www.unaids.org/en/dataanalysis/datatools/aidsinfo
https://doi.org/10.1056/NEJMc0809485
https://doi.org/10.1056/NEJMc0809485
http://www.ncbi.nlm.nih.gov/pubmed/19692699
https://doi.org/10.1056/NEJMc1508934
https://doi.org/10.1056/NEJMc1508934
http://www.ncbi.nlm.nih.gov/pubmed/26816026
https://doi.org/10.1016/j.ijmedinf.2012.01.011
https://doi.org/10.1016/j.ijmedinf.2012.01.011
http://www.ncbi.nlm.nih.gov/pubmed/22361158
https://doi.org/10.1371/journal.pone.0112261
http://www.ncbi.nlm.nih.gov/pubmed/25390044
https://doi.org/10.1371/journal.pone.0146903
http://www.ncbi.nlm.nih.gov/pubmed/26901795
http://apps.who.int/bmi/index.jsp?introPage=intro_3.html
https://doi.org/10.1016/S0140-6736(06)68337-2
http://www.ncbi.nlm.nih.gov/pubmed/16530575
https://doi.org/10.1371/journal.pone.0175521


33. Brinkhof MW, Dabis F, Myer L, Bangsberg DR, Boulle A, Nash D, et al. Early loss of HIV-infected

patients on potent antiretroviral therapy programmes in lower-income countries. Bull World Health

Organ. 2008; 86(7):559–67. https://doi.org/10.2471/BLT.07.044248 PMID: 18670668

34. Nglazi MD, Lawn SD, Kaplan R, Kranzer K, Orrell C, Wood R, et al. Changes in programmatic outcomes

during 7 years of scale-up at a community-based antiretroviral treatment service in South Africa. J

Acquir Immune Defic Syndr. 2011; 56(1):e1–8. https://doi.org/10.1097/QAI.0b013e3181ff0bdc PMID:

21084996

35. Koole O, Tsui S, Wabwire-Mangen F, Kwesigabo G, Menten J, Mulenga M, et al. Retention and risk fac-

tors for attrition among adults in antiretroviral treatment programmes in Tanzania, Uganda and Zambia.

Trop Med Int Health. 2014; 19(12):1397–410. https://doi.org/10.1111/tmi.12386 PMID: 25227621

36. Farahani M, Price N, El-Halabi S, Mlaudzi N, Keapoletswe K, Lebelonyane R, et al. Variation in attrition

at subnational level: review of the Botswana National HIV/AIDS Treatment (Masa) programme data

(2002–2013). Trop Med Int Health. 2016; 21(1):18–27. https://doi.org/10.1111/tmi.12623 PMID:

26485172

37. Geng EH, Odeny TA, Lyamuya R, Nakiwogga-Muwanga A, Diero L, Bwana M, et al. Retention in Care

and Patient-Reported Reasons for Undocumented Transfer or Stopping Care Among HIV-Infected

Patients on Antiretroviral Therapy in Eastern Africa: Application of a Sampling-Based Approach. Clin

Infect Dis. 2016; 62(7):935–44. https://doi.org/10.1093/cid/civ1004 PMID: 26679625

38. Johnson LF, Estill J, Keiser O, Cornell M, Moolla H, Schomaker M, et al. Do increasing rates of loss to

follow-up in antiretroviral treatment programs imply deteriorating patient retention? American journal of

epidemiology. 2014; 180(12):1208–12. https://doi.org/10.1093/aje/kwu295 PMID: 25399412

39. Aliyu MH, Blevins M, Arinze F, Megazzini KM, Bussell S, Dunlap J, et al. Enrolment trends in a compre-

hensive HIV programme in rural north-central Nigeria: improved care indices, but declining quality of

clinical data over time. Pathogens and global health. 2015; 109(2):75–83. https://doi.org/10.1179/

2047773215Y.0000000007 PMID: 25822098

40. Boulle A, Van Cutsem G, Hilderbrand K, Cragg C, Abrahams M, Mathee S, et al. Seven-year experi-

ence of a primary care antiretroviral treatment programme in Khayelitsha, South Africa. AIDS. 2010; 24

(4):563–72. https://doi.org/10.1097/QAD.0b013e328333bfb7 PMID: 20057311

41. Johnson LF, Mossong J, Dorrington RE, Schomaker M, Hoffmann CJ, Keiser O, et al. Life expectancies

of South African adults starting antiretroviral treatment: collaborative analysis of cohort studies. PLoS

Med. 2013; 10(4):e1001418. https://doi.org/10.1371/journal.pmed.1001418 PMID: 23585736

42. Puttkammer N, Baseman JG, Devine EB, Valles JS, Hyppolite N, Garilus F, et al. An assessment of

data quality in a multi-site electronic medical record system in Haiti. Int J Med Inform. 2016; 86:104–16.

https://doi.org/10.1016/j.ijmedinf.2015.11.003 PMID: 26620698

43. Reif LK, Bertrand R, Benedict C, Lamb MR, Rouzier V, Verdier R, et al. Impact of a youth-friendly HIV

clinic: 10 years of adolescent outcomes in Port-au-Prince, Haiti. J Int AIDS Soc. 2016; 19(1):20859.

https://doi.org/10.7448/IAS.19.1.20859 PMID: 27389256

44. Farmer P, Leandre F, Mukherjee J, Gupta R, Tarter L, Kim JY. Community-based treatment of

advanced HIV disease: introducing DOT-HAART (directly observed therapy with highly active antiretro-

viral therapy). Bull World Health Organ. 2001; 79(12):1145–51. PMID: 11799447

45. Moise C BC, Hennessy K, Rivera V, Severe P, Aubin D, Homeus F, Koenig S, Pape JW. Retention of

clinically stable ART patients in a rapid model of care in Haiti, Abstract 1017. Conference on Retrovi-

ruses and Opportunistic Infections; Boston,MA2016.

46. McGowan CC, Cahn P, Gotuzzo E, Padgett D, Pape JW, Wolff M, et al. Cohort Profile: Caribbean, Cen-

tral and South America Network for HIV research (CCASAnet) collaboration within the International Epi-

demiologic Databases to Evaluate AIDS (IeDEA) programme. Int J Epidemiol. 2007; 36(5):969–76.

https://doi.org/10.1093/ije/dym073 PMID: 17846055

Antiretroviral therapy outcomes in Haiti from 2007-2013

PLOS ONE | https://doi.org/10.1371/journal.pone.0175521 April 24, 2017 15 / 15

https://doi.org/10.2471/BLT.07.044248
http://www.ncbi.nlm.nih.gov/pubmed/18670668
https://doi.org/10.1097/QAI.0b013e3181ff0bdc
http://www.ncbi.nlm.nih.gov/pubmed/21084996
https://doi.org/10.1111/tmi.12386
http://www.ncbi.nlm.nih.gov/pubmed/25227621
https://doi.org/10.1111/tmi.12623
http://www.ncbi.nlm.nih.gov/pubmed/26485172
https://doi.org/10.1093/cid/civ1004
http://www.ncbi.nlm.nih.gov/pubmed/26679625
https://doi.org/10.1093/aje/kwu295
http://www.ncbi.nlm.nih.gov/pubmed/25399412
https://doi.org/10.1179/2047773215Y.0000000007
https://doi.org/10.1179/2047773215Y.0000000007
http://www.ncbi.nlm.nih.gov/pubmed/25822098
https://doi.org/10.1097/QAD.0b013e328333bfb7
http://www.ncbi.nlm.nih.gov/pubmed/20057311
https://doi.org/10.1371/journal.pmed.1001418
http://www.ncbi.nlm.nih.gov/pubmed/23585736
https://doi.org/10.1016/j.ijmedinf.2015.11.003
http://www.ncbi.nlm.nih.gov/pubmed/26620698
https://doi.org/10.7448/IAS.19.1.20859
http://www.ncbi.nlm.nih.gov/pubmed/27389256
http://www.ncbi.nlm.nih.gov/pubmed/11799447
https://doi.org/10.1093/ije/dym073
http://www.ncbi.nlm.nih.gov/pubmed/17846055
https://doi.org/10.1371/journal.pone.0175521

