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Abstract
An estimated 57% of persons living with HIV (PLWH) in the United States are not connected to regular medical care or have
lapsed from regular care (Centers for Disease Control and Prevention, 2018), increasing risk of HIV progression and transmission
and delaying viral suppression. The state of Louisiana has consistently ranked in the top five US states for HIV case rates. We
evaluated the impact of a combined data-to-care and patient navigation system that was implemented in 3 cities in Louisiana
from 2013 to 2015. The program, LA Links, used a surveillance system to identify PLWHwho were not in regular health care and
connected them to a patient navigator. During the intervention period, persons who lapsed from care were 17% more likely to
reengage in care than persons in the comparison group, and persons newly diagnosed during the intervention period were 56%
more likely to link to care.
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The Centers for Disease Control and Prevention
(Centers for Disease Control and Prevention, 2018)

estimated that, at the end of 2015, 1.1 million persons
aged 13 years and older were living with HIV in the
United States. Early diagnosis of infection and connec-
tion to care are essential for addressing the significant
burden of HIV, but many persons living with HIV
(PLWH) in the United States are undiagnosed or are not
connected to regular HIV care. Of those persons living
with both diagnosed and undiagnosedHIV in theUnited
States at the end of 2015, approximately 15% were
unaware of their status; 57% were not retained in con-
tinuous care; and 54% were not virally suppressed
(CDC, 2018).

For PLWH, the best health outcomes are achieved
through systematic progression through the HIV care
continuum—fromHIVdiagnosis to linkage to care,HIV
treatment, and finally to viral suppression (Gardner,
McLees, Steiner, Del Rio, & Burman, 2011). The first
step in the HIV care continuum is to ensure that PLWH
are diagnosed in a timely manner. This can be achieved
through routine testing of all adolescents and adults,
testing during pregnancy, and repeat testing of persons
at higher risk of infection (Branson et al., 2006; Work-
owski & Bolan, 2015).
Once diagnosed, it is essential that PLWHare linked to

HIV health care and provided with appropriate support
to remain in care, and that they consistently receive anti-
retroviral therapy to achieve and maintain viral suppres-
sion. These steps result in reduced HIV-related morbidity
and prevention of new infections through suppression of
the viral load (VL; Panel on Antiretroviral Guidelines for
Adults and Adolescents, 2019).
Although the structure of the HIV care continuum

suggests linear and unidirectional movement from one
step to the next, in reality, the framework is dynamic,
and PLWH may not, for example, link to care immedi-
ately after diagnosis. Research also shows that PLWH
often link to care, but then fall out of care for periods,
interrupting treatment and reducing the likelihood of
viral suppression (Kay, Batey, & Mugavero, 2016).
Maintaining consistent HIV care is associated with

slowing the progression of disease, achieving viral sup-
pression more quickly, and reducing the possibility of
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HIV transmission (Crawford, Sanderson, & Thornton,
2014; Lancet HIV, 2017; Skarbinski et al., 2015). Given
the role of retention in care and viral suppression in im-
proving individual health outcomes and limiting
population-level HIV incidence, there is a critical need to
implement interventions that can increase the proportion
of PLWH linked to and retained in continuous care.

Improving Linkage to and Reengagement
in Care

Surveillance systems, which systematically track HIV
diagnoses andCD41Tcell andVL laboratory results, can
be used to calculate and monitor rates of PLWH linkage
to, reengagement in, and continuous retention in HIV
care at the state or local level. The use of surveillance data
as apublichealth strategyhasbeen termed“data-to-care”
andwas recommendedby theCenters forDiseaseControl
and Prevention (CDC) as the ideal tool for identifying
people living with diagnosed HIV who have lapsed from
care or who have not yet entered care (Sweeney et al.,
2013). However, despite this capacity to identify out-of-
care PLWH, there is limited evidenceavailable ondata-to-
care interventions that effectively reengage PLWH in care
(Brennan, Browne, & Horgan, 2014; Liau et al., 2013;
Mugavero, 2016; Mugavero, Amico, Horn, & Thomp-
son, 2013; Okeke, Ostermann, & Thielman, 2014).
In 2012, the Louisiana Office of Public Health STD/

HIV Program (OPH SHP) received funding through the
Care and Prevention in the United States Demonstration
Project, a cross-agency project funded by the US De-
partment of Health and Human Services Secretary’s
Minority AIDS Initiative Fund through the CDC, to use
HIV surveillance data to improve linkage to and reen-
gagement in HIV care for PLWH living in the state. At
the time of project implementation, Louisiana ranked
third highest in the United States for HIV (30.3 per
100,000) and AIDS (16.9 per 100,000) estimated case
rates and 11th in the estimated number ofHIV andAIDS
cases. That same year, the Baton Rouge Metropolitan
Statistical Area ranked third in the nation for estimated
AIDS case rates and fourth for estimated HIV case rates.
The New Orleans Metropolitan Statistical Area ranked
fifth in estimated AIDS case rates and second in esti-
mated HIV case rates (Centers for Disease Control and
Prevention, 2015). Approximately 79% of persons
newly diagnosed with HIV linked to care within 90 days
of diagnosis. Of all diagnosed PLWH in Louisiana, 30%
were identified as being out of care, and 70% were vir-
ally suppressed (Louisiana Department of Health and
Hospitals Office of Public Health STD/HIV Program,
2013).

LA Links: Data-to-Care and Patient
Navigation System

In September 2013, OPH SHP implemented Louisiana
Links (LA Links), a combined data-to-care and patient
navigation system, in New Orleans, Baton Rouge, and
Shreveport. LA Links, which has been described (Swee-
ney et al., 2018), uses routinely collected HIV surveil-
lance data and cross-references these data with other
secondary data sources (e.g., vital records, incarceration
records, and driver’s license records) to identify PLWH
who are not in care (NIC) and connects them to trained
public health staff who help them navigate to critical
health and support services. These services include HIV
health care and social services that address other barriers
to care, such as transportation, health insurance, or be-
havioral health. The LA Links system combines com-
ponents from three evidence-based approaches for
improving engagement in care: intensive outreach,
linkage case management, and patient navigation serv-
ices (Sweeney et al., 2018). Specifically, it aims to im-
prove engagement in HIV care for three groups of
PLWH: those who are newly diagnosed and NIC, those
who are previously diagnosed and NIC, and those ex-
periencing viral suppression failure. We assess the pro-
gram’s impact on persons experiencing viral suppression
failure in a separate analysis.

LA Links uses HIV surveillance data to generate
weekly line lists of PLWH living in New Orleans, Baton
Rouge, or Shreveport, who were (a) newly diagnosed
and NIC, defined as persons who have not had a CD41

T-cell or VL test and are 6–12 months after diagnosis or
(b) previously diagnosed and NIC, defined as PLWH
who have not had a CD41 T-cell or VL test recorded in
12–36 months. The line lists of eligible PLWH are then
shared with linkage-to-care coordinators (LCCs). LCCs
have backgrounds in nursing or social work and are
trained in medication management, medical case man-
agement, and HIV treatment adherence counseling.
LCCs attempt to contact individuals on their lists, ex-
plain the purpose of LA Links, and enroll PLWH in the
program. Once enrolled, LCCs work with individual
PLWH for 90 days or more, guiding them through the
process of linking to or reengaging in care, offering
treatment adherence counseling, and referring them to
critical support and prevention services.

Our Study

In this article, we evaluate and report on the estimated
impact of the LA Links system on linkage and reen-
gagement rates in Louisiana for a population of
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individuals who are known to be disengaged from care.
Specifically, the research questions assessed in this study
were as follows:

·Are newly diagnosed and NIC PLWH, living in
regions where a data-to-care and patient navigation
system is offered, more likely to link to care when the
intervention is operational as compared to when
only care-as-usual services are offered?

·Are previously diagnosed and NIC PLWH, living in
regions where a data-to-care and patient navigation
system is offered, more likely to reengage in care
when the intervention is operational as compared to
when only care-as-usual services are offered?

Method

The purpose of our evaluationwas to determinewhether
implementation of a combined data-to-care and patient
navigation system improved linkage and reengagement
outcomes for PLWH who were NIC relative to when
only care-as-usual services were offered. We examined
these engagement outcomes causally using quasi-
experimental methods for two separate populations of
PLWHwho were not engaged in the continuum of care:
(a) newly diagnosed clients who had not yet linked to
care and (b) previously diagnosed and out-of-care per-
sons. LA Links was simultaneously implemented across
Baton Rouge, New Orleans, and Shreveport. We
assessed the effectiveness of the system through the
“natural experiment” that was occasioned by the dis-
crete shift of turning the system on. We compared out-
comes for PLWH who were NIC when the system was
operative and care-as-usual services were still being of-
fered with PLWH who were NIC when only care-as-
usual services were provided. To account for secular
trends and time-variant changes in programs or policies,
we conducted sensitivity analyses that included statisti-
cal controls for these factors.

Data

Data for the study came exclusively from the OPH SHP
surveillance database. The database included de-
mographic information and laboratory test results for all
PLWH in Louisiana except for those who received care
in Veterans Affairs facilities. The full set of individuals
who were initially eligible for inclusion in the analytic
study samples and included in the original data set
consisted of records for 16,909 persons, which repre-
sented more than two-thirds of all PLWH in Louisiana.
We converted these data into a person-period data set, in
which each individual had one record for each month

during the study period when they met study eligibility
criteria but had not yet experienced the outcome of
interest.

Eligibility and Selection

The general eligibility criteria for inclusion into our
evaluation required that an individual (a) be diagnosed
with HIV and included in the surveillance database; (b)
be identified as living in one of the three regions (New
Orleans, Baton Rouge, or Shreveport) where LA Links
was implemented during the intervention or comparison
periods; and (c) have an HIV diagnosis date or a CD41

T-cell or VL test between the study period of September
24, 2010, and October 17, 2015. Participants were then
selected into one of two analytic samples based on
whether they were newly diagnosed and NIC or pre-
viously diagnosed and NIC. Participants were selected
into the newly diagnosed group andNIC sample (Group
1) if they met all three general eligibility criteria and
transitioned into being newly diagnosed andNIC during
the study period, operationally defined as having no
recordedCD41T-cell orVL testwithin 6months of their
HIV diagnosis date. Participants were selected into the
previously diagnosed and NIC sample (Group 2) if they
met all 3 general eligibility criteria, transitioned into
being previously diagnosed and NIC during the study
period, operationally defined as experiencing a 12-
month gap between recorded CD41 T-cell or VL tests,
and were not newly diagnosed or identified as being in
treatment failure (having 2 recent VL tests with more
than 1,000 copies per mL) in the same intervention or
comparison period. In our benchmark analysis, we ex-
cluded fromourGroup2 sample any individualwhowas
categorized as out of care but who has only CD41 T-cell
or VL test was their initial diagnosis test. These indi-
viduals would likely have been contacted by LCCs be-
fore transitioning into out-of-care status at 12 months.

Assignment to Intervention and
Comparison Conditions

The initiation of LA Links was used as an assignment
mechanism to allocate PLWH to either the intervention
or comparison group. Individuals who met eligibility
criteria during the 2-year period when LA Links was
initially operational were assigned to the intervention
group, and those who met the eligibility criteria during
the 2-year period before LA Links implementation were
assigned to the comparison group. A summary of selec-
tion and assignment rules for the two analytic samples
and conditions is illustrated in Figure 1.
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OPHSHP initiated LALinks for previously diagnosed
and NIC individuals earlier than for newly diagnosed
and NIC individuals. The resulting intervention and
comparisonperiodswere, therefore, slightly different for
the two samples. As depicted in Figure 1, the newly di-
agnosed and NIC study period ran from October 18,
2011 to October 17, 2015. The previously diagnosed
and NIC study period ran from September 24, 2011 to
September 23, 2015. The amount of time an individual
could participate in either study period ranged from 0 to
24 months and was a function of the date on which they
met eligibility and selection requirements and whether
the outcome was realized in the study period or if they
were censored out.

Outcome Definition

There were two outcomes of interest in the study: (a)
linkage to care and (b) reengagement in care. Outcome
variables were constructed from laboratory data, which
included dates for any recorded CD41 T-cell or VL test.
Linkage to care was operationally defined as having
a CD41 T-cell or VL test in a study period after being
categorized as newly diagnosed and NIC in the same
study period (Bamford, Ehrenkranz, Eberhart, Shpaner,
& Brady, 2010). A CD41T-cell or VL test within 5 days
of diagnosis was not considered linkage to care because

some sitesmaynot have administeredCD41T-cell orVL
tests at the time of diagnosis; having the test within 5
days of diagnosis might not indicate linkage to sustained
HIV health care. Reengagement in care was operation-
ally defined as receiving a CD41 T-cell or VL test in
a study period after being categorized as previously di-
agnosed and NIC in that same study period.

For statistical analysis, variables were reconfigured as
dichotomous indicators of whether and in which month
the outcomewas realized. Briefly, once a participantmet
eligibility and selection criteria, the outcome indicator
was coded as either a 0 or 1. For each of the discrete
periods (months) that the outcome (linkage or reen-
gagement to care) did not occur, the value for that period
was coded 0. If the outcome did occur (as defined by the
date of CD41 T-cell or VL test), the outcome indicator
was coded as one for that discrete period. Using discrete-
time hazard models (discussed below), we predicted the
likelihood of linking to care or engaging in care for each
period.

Care-as-Usual Services and Ancillary Programs
Offered During the Study Period

The natural experiment used in our evaluation com-
pared outcomes for persons who became either newly
diagnosed and NIC or previously diagnosed and NIC

Figure 1. Analytic sample eligibility and assignment.Note.NIC5 not in care; PLWH5 person(s) living with HIV; OPH SHP5 Louisiana Office of Public
Health STD/HIV Program.
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during the time of LA Links program implementation to
outcomes for persons who entered into either of those
statuses in the 2 years before program implementation.
OtherHIVcare available to PLWHin the areas servedby
LA Links before and during program implementation
included (a) care-as-usual services through community-
based HIV organizations; (b) the OPH SHP Partner
Services program, in which disease intervention spe-
cialists identified and counseled newly diagnosed PLWH
and encouraged them to link to health care; and (c)
several short-term, pilot linkage and retention programs.
Care-as-usual services varied in each region, depending
on the funding and identified needs of each area, but
generally included case management, dental care, direct
emergency financial assistance, housing assistance,
medication assistance, mental health therapy and
counseling, nutrition services, outreach, substance abuse
treatment and counseling, and transportationassistance.
Care-as-usual services and the OPH SHP Partner Serv-
ices program were available to PLWH throughout the
comparison and intervention periods.

In addition to care-as-usual services, the OPH SHP
identified three pilot linkage and retention programs
implemented during the study period in similar geo-
graphic areas. An agency network linkage and retention
strategy (Positive Charge) was offered to PLWH from
August 2010 to July 2014; a bidirectional public health
and medical record data sharing system (Louisiana
Public Health Information Exchange) was in place in
select medical facilities from 2009 through the end of the
study period; and a pay-patients-for-performance in-
tervention (Health Models) was implemented in several
HIV health care clinics from September 2013 to Sep-
tember 2015. We conducted sensitivity analyses (de-
scribed below) that statistically controlled for the
potential effects of each of these programs on our
outcomes.

Statistical Analysis

We first conducted baseline equivalence analysis to de-
termine whether there were any statistically significant
differences between the treatment and comparison
groups.Measures of differencewere reported in terms of
mean differences in pooled SD units for theoretically
relevant and available baseline characteristics and were
calculated according to Hedges’ g effect size formula.

We assessed the impact of LA Links on linkage to care
and reengagement in care using discrete-time hazard
models.We used this statistical technique to estimate the
impact of the system in terms of the relative risk of
linking to or reengaging in care for each condition. We

inferred impact if the parameter of interest, b1, was
statistically significant (using a 2-tailed test where p ,
.05). If the parameter estimate was in the hypothesized
direction and substantial, we had evidence that the sys-
tem was meaningfully improving linkage/reengagement
outcomes for the study population. The discrete-time
hazard model was well suited for data such as these,
which include censored observations where the sample
includes members who do not experience the event
during the study period and, therefore, have unknown
event times.
Before selecting a preferred analytic model, we ex-

plored several specifications for the effect of time and
covariate inclusion. These statistics are reported in Sup-
plemental Digital Content (Tables 1 and 2, http://links.
lww.com/JNC/A4) along with the identification of the
preferred analytical model. Model selection statistics in-
dicated that the third- and fifth-degree polynomials were
optimal; however, we reported the general specifications
of time because they had fewer restrictions, were themost
accurate reflections of the data (least deviance), and were
easier to explain. The results for the general specification
were substantively identical to the polynomial functions.
Goodness-of-fit statistics indicated that the preferred
model for Group 1 should not include covariates, but for
Group 2 should include covariates.
We conducted several sensitivity studies to assess the

robustness of our design and analytic decisions. Because
the comparisonperioddirectly preceded the intervention
period, we assessed for the presence of a secular trend in
our outcomes over time by including a calendar in-
dicator in our model. This variable captured the effects
of any cumulative improvement in outcomes associated
with when an individual became eligible for LA Links
during the entire study period, regardless ofmembership
in the intervention or comparison groups. Additional
sensitivity analyses conductedwere (a) excluded (linkage
model) or included (reengagement model) individuals
from the sample who were in virologic failure; (b) in-
cluded a covariate to control for individuals who were
exposed to Louisiana Public Health Information Ex-
change (linkage and reengagement models); (c) included
a covariate to control for individuals who were exposed
to Positive Charge (linkage and reengagement models);
(d) excluded individuals who were exposed to Health
Models (linkage and reengagement models); (e) modi-
fied the definition of out of care from 12 to 13.5 months
without a CD41 T-cell or VL test (reengagement model
only); and (f) included individuals diagnosed in the year
before the studywindow (reengagementmodel only). All
analyses were conducted in STATA 13 (StataCorp,
2013).Our studywas part of a larger project determined

Copyright © 2019 Association of Nurses in AIDS Care. Unauthorized reproduction of this article is prohibited.

Journal of the Association of Nurses in AIDS Care Improving Engagement in HIV Care 5

http://links.lww.com/JNC/A4
http://links.lww.com/JNC/A4


by the CDC not to constitute human participant re-
search; therefore, institutional review board approval
was not required.

Results

A total of 843 persons met the inclusion criteria for the
newly diagnosed andNIC sample, ofwhom314 linked to
care during the study period. In the previously diagnosed
andNIC sample, 5,714 personsmet the inclusion criteria,
of whom 2,404 linked to care during the study period. In
both samples, approximately half of eligible persons re-
sided in the New Orleans area; approximately one third
resided in the Baton Rouge area; and the remainder re-
sided in the Shreveport area. Newly diagnosed persons in
the intervention group were more likely to link to care
than those in the comparison group (43% vs. 33%, p ,
.001), and they linked to care more quickly (156 vs. 184
days). Previously diagnosed persons in the intervention
groupwere alsomore likely to reengage in care than those
in the comparison group (44%vs. 40%, p, .001) and in
a shorter period (133 vs. 141 days).

Equivalence of the Intervention and
Comparison Groups

Baseline equivalence tests indicated that the intervention
and comparison groups were well-balanced (Tables 1
and 2). For most of the observed covariates, the stan-
dardized mean difference was remarkably small, espe-
cially when we remember that the groups had not been
synthetically matched or weighted. The similarity of in-
tervention and comparison groups was entirely a func-
tion of the natural experiment assignment. The
previously diagnosed and NIC sample was uniformly
balanced across all background characteristics, in-
cluding sex, which reflected the proportionate break-
down of all PLWH in the state, where men were 3 times
more likely to have HIV than women (Louisiana De-
partment of Health and Hospitals Office of Public
Health STD/HIV Program, 2013). Location of diagnosis
in the newly diagnosed and NIC sample was the only
baseline covariate that appeared imbalanced (.0.25).
Proportionately, more participants in the comparison
group were diagnosed in an unknown location, and in
the intervention group,more individualswere diagnosed
in an inpatient facility or hospital. One possible expla-
nation for this differencemay be the proximity in time of
the comparison period to the displacement effects of
Hurricane Katrina. Another related hypothesis is that
the imbalance was in the data (i.e., measurement error
due to miscategorization that persisted after the storm).

The intervention and comparison groups were well-
balanced with regard to participant sex, although men
represented a greater proportion of both samples. Our
sample reflected the distribution of HIV infection in
Louisiana,wheremen comprised a greater proportion of
PLWH as well as new HIV and new AIDS diagnoses
(Louisiana Department of Health and Hospitals Office
of PublicHealth STD/HIVProgram, 2013).We adjusted
for sex in our analyses and did not find differences in
program impact based on participant sex.

Program Impact

Results from our preferred statistical models indicated
that implementing a combined data-to-care and patient
navigation system had a significant and meaningful im-
pact on linkage and reengagement outcomes. Table 3
describes impact effects from the preferred models in
likelihood ratio terms. Full model results are reported in
Supplemental Digital Content (Tables 1 and 2, http://
links.lww.com/JNC/A4).

Persons livingwithHIVwhowerenewlydiagnosed and
NIC during the intervention periodwere 56%more likely
(adjusted hazard ratio [aHR]: 1.56; 95% confidence in-
terval [1.24–1.96]) to link to care as PLWH meeting the
same criteria in the comparison period. That is, for every
10 newly diagnosed peoplewho linked to care in the care-
as-usual system, 16 linked to care when the combined
data-to-care and patient navigation system was
operational.

Results were similar but more modest for previously
diagnosed PLWH. Estimates suggested that, because of
the intervention, previously diagnosed and NIC indi-
viduals were 17% more likely (adjusted hazard ratio:
1.17; 95% confidence interval [1.08–1.27]) to reengage
in care when the combined data-to-care and patient
navigation system was in place. To extend the example
above, for every 10 previously diagnosed but out-of-care
PLWHwho linked to care in the care-as-usual system, 12
PLWH linked to care when the combined data-to-care
and patient navigation system was operational.

Likelihood of Engaging in Care Over Time

One way of visualizing the impact is to plot conditional
probabilities of linking to or reengaging in care for the
contrasted conditions for each month of predicted ex-
posure. The top two panels of Figure 2 illustrate the
estimated conditional probability of linking to care (left
panel) and reengaging in care (right panel). These con-
ditional probabilities were produced by our preferred
models. The lighter line on top illustrates the month-to-
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Table 1. Baseline Equivalence of Comparison and Intervention Groups, Newly Diagnosed Sample

Comparison (n 5 482) Intervention (n 5 361) Standardized Difference

Age

Age at HIV diagnosis 33.2 33.2 0.00

Age at study entry 33.7 33.7 0.00

Race

Black/African American 76.3% 77.6% 0.03

White 17.4% 15.5% 20.05

Other 6.2% 6.9% 0.03

Ethnicity

Hispanic/Latino 5.2% 4.7% 20.02

Sex

Male 80.3% 79.8% 20.01

Female 17.8% 19.7% 0.05

Transgender 1.9% 0.6% 20.12

Location of HIV diagnosis

Blood bank 3.5% 3.0% 20.03

Family planning/OBGYN clinic 1.0% 0.6% 20.05

HIV clinic/counseling and testing
site

14.9% 15.2% 0.01

Emergency department 11.8% 12.7% 0.03

Corrections facility 6.2% 5.0% 20.05

Drug treatment center 0.0% 0.8% 0.13

Inpatient facility/hospital 9.3% 17.7% 0.25

Unknown (out-of-state) 23.7% 9.1% 20.40

Outpatient facility/clinic 16.4% 19.9% 0.09

Infectious disease/STD clinic 12.0% 15.8% 0.11

Other 1.0% 0.0% 20.14

Public health region of residence

1 53.3% 46.3% 20.14

2 29.9% 34.6% 0.10

7 16.8% 19.1% 0.06

Mean percent of individuals in zip
code

Living in poverty 25.8% 25.7% 20.01

Without health insurance 18.7% 18.4% 20.04

Unemployed 6.5% 6.4% 20.01

(continued on next page)
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month risk of linking to care or reengaging in care,
respectively,whenLALinkswas operational,while the
darker line illustrates the same when only care-as-
usual services were offered. The vertical distance be-
tween the two lines is a visual representation of the
impact of the system at each discrete period. Month 1
in each graphic represents the point in time when each
individual met the study eligibility criteria and entered
the sample. In the top left panel, there is a predicted
7.5% likelihood of linking to care in the first month
when care-as-usual services were offered; however,
when the data-to-care and patient navigation system
was operational, probability of linking to care in the
first month was nearly 12%. For the previously di-
agnosed sample, the impact was more modest but still
significant. Participants who became NIC while care-
as-usual services were offered were predicted to have
a 12% likelihood of reengaging in care in the first
month, while those who became NIC when the new
system was operational were expected to have an al-
most 14% probability of reengaging in care.
The bottom panels of Figure 2 plot the cumulative

probability of remaining out of care. The lighter line
illustrates the month-to-month risk of the intervention
group remaining out of care, while the darker line illus-
trates the same for the comparison group. The vertical
distance between the two lines is a visual representation
of the impact of the system over time, that is, it shows the
difference in likelihood of linking to care between the
intervention and comparison groups. After 2 years,
newly diagnosed andNIC individuals in the intervention
group had a greater than 60% probability of linking to
care, whereas comparison participants only had a 45%
probability.Model estimates indicated that at the end of
2 years, previously diagnosed andNIC individuals in the
intervention group had a 60% chance of reengaging in
care compared with a 54% chance for those who were
only exposed to care-as-usual services.

Substantive findings produced by the preferred
models persisted after conducting all planned sensitiv-
ity analyses that tested for the possibility that other
factors, aside from LA Links, influenced our outcomes
of interest over time. In addition to specifying the ana-
lytic model with and without additional covariates and
regional controls, to assess the robustness of our esti-
mates, we included sensitivity tests for all known state
and regional linkage programs that may have been
operational in New Orleans, Baton Rouge, and Shre-
veport during the study period. None of the alternative
programs were totally confounded with the LA Links
intervention. We also conducted tests to examine the
possibility that a secular trend of improved linkage over
time might explain the observed outcomes. Results,
however, were substantively identical. In both the
newly diagnosed andpreviously diagnosed samples, the
inclusion of a linear trend indicator increased the
magnitude of the intervention effect, and this estimate
remained significant.

Discussion

Our findings show that LA Links had a positive, statis-
tically significant, and meaningful impact on linkage to
care and reengagement in care. Newly diagnosed indi-
viduals exposed to the combined data-to-care and pa-
tient navigation system were 56%more likely to link to
care, and previously diagnosed individuals were 17%
more likely to reengage in care than those exposed to the
care-as-usual system.

We addressed a significant gap in the literature on
interventions that affected reengagement in HIV care.
The CDC has recommended use of surveillance systems
to track diagnoses (Sweeney et al., 2013), but most
linkage programs target individual-level factors (Liau
et al., 2013). Research has demonstrated the effective-
ness of patient navigation systems and casemanagement

Table 1. (continued)

Comparison (n 5 482) Intervention (n 5 361) Standardized Difference

With at least a high school
education

82.9% 83.6% 0.11

Who take public transportation to
work

5.1% 4.7% 20.09

Who walk to work 4.2% 4.2% 20.00

The following are WWC Standards for establishing baseline equivalence according to standardized differences: #0.05 equivalence
established; .0.05 to #0.25 equivalence established with statistical adjustment; and .0.25 equivalence not established.
Note. OBGYN 5 obstetrics/gynecology; STD5 sexually transmitted disease; WWC5What Works Clearinghouse.
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Table 2. Baseline Equivalence of Comparison and Intervention Groups, Previously Diagnosed Sample

Comparison (n 5 2,676) Intervention (n5 3,038) Standardized Difference

Age

Age at HIV diagnosis 33.3 32.6 20.06

Age at study entry 43.2 43.1 20.01

Race

Black/African American 73.1% 71.2% 20.04

White 22.8% 24.4% 0.04

Other 4.1% 4.4% 0.01

Ethnicity

Hispanic/Latino 2.8% 2.9% 0.01

Sex

Male 67.6% 68.1% 0.01

Female 31.1% 30.5% 20.01

Transgender 1.3% 1.3% 0.00

Location of HIV diagnosis

Blood bank 2.0% 1.9% 20.01

Family planning/OBGYN clinic 0.6% 1.0% 0.04

HIV clinic/counseling and testing
site

5.3% 6.9% 0.07

Emergency department 3.6% 4.1% 0.02

Corrections facility 4.9% 4.6% 20.01

Drug treatment center 0.3% 0.3% 0.00

Inpatient facility/hospital 22.5% 21.9% 20.01

Unknown (out-of-state) 17.2% 17.3% 0.00

Outpatient facility/clinic 22.8% 22.3% 20.01

Infectious disease/STD clinic 20.1% 19.2% 20.02

Other 0.7% 0.5% 20.03

Public health region of residence

1 50.8% 51.6% 0.02

2 36.0% 34.4% 20.03

7 13.2% 14.0% 0.02

Mean percent of individuals in zip
code

Living in poverty 25.8% 25.7% 20.01

Without health insurance 18.6% 18.5% 20.02

Unemployed 6.5% 6.5% 0.01

(continued on next page)
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(Higa, Crepaz, & Mullins, 2016; Liau et al., 2013;
Okeke et al., 2014).We built on previous research in our
description of an effective systems-level approach to
improving linkage to and reengagement in care that used
surveillance systems to identify persons who had lapsed
from care or who had never linked to care, to provide
patient navigation services. The results should prove
broadly useful because there is an absence of published
empirical work that has examined the combined efficacy
of linkage and reengagement interventions (Higa et al.,
2016).
Findings indicated that the data-to-care and patient

navigation system had a more substantial impact on
newly diagnosed individuals versus previously di-
agnosed PLWH. The program could be particularly
beneficial for newly diagnosed PLWH because it
addresses specific barriers to initiating care for newly
diagnosed PLWH. Staff delivering the intervention were
trained to provide information about accessingHIV care
and guiding individuals through the process of identi-
fying providers andmaking appointments. Research has
indicated that some reasons for delayed entry into care
after HIV diagnosis include having limited or inaccurate
information about HIV care, available services, and
importance of treatment, and feeling overwhelmed or
ashamed of their HIV status, but that active referrals,
whereby a trained individual helps connect the newly
diagnosed individual to care, are desired (Garland et al.,

2011; Mayer, 2011). The LA Links program offered
such targeted navigation to facilitate connection to care.

For previously diagnosed individualswho lapsed from
regular care, the data-to-care and patient navigation
system had a significant but more modest impact. Pre-
viously diagnosed individualswho fell out of care during
the intervention period were more likely to reengage in
care and reengage earlier than those who fell out of care
during the care-as-usual period. The literature suggested
that individuals disengaged from health care faced ap-
preciably more barriers than PLWH who remained in
care, and these barriers inhibited successful retention in
care (Berger et al., 2016; Tobias et al., 2007; Yehia et al.,
2015). These findings point to a need to provide more
robust services to the previously diagnosed and NIC
group to address the elements inhibiting engagement
(Liau et al., 2013).

Methodologically, our study contributes to the liter-
ature by using a quasi-experimental design that mini-
mizes selection bias. Random assignment was not
possible. We considered alternative designs that in-
cluded the use of matched contemporaneous in-
tervention and comparison groups. However, matching
data were deemed insufficient (only basic demographic
data and location of diagnosis were available at base-
line), and there were no arguably equivalent comparison
groups because the system was conducted regionwide.
Even if sufficient matching data were available, empiri-
cal research suggests that a matched comparison with
participants from another region would not have re-
moved unobserved selection bias. Research has demon-
strated that quasi-experimental studies must use
a comparisongroup that is in close geographic proximity
to the treatment group to be causally valid (Bloom,
Michalopoulos,&Hill, 2005; Cook, Shadish, &Wong,
2008; Glazerman, Levy, & Myers, 2003).

Rather than relying on matching or weighting, we
aimed to produce causal estimates of the effect of the

Table 2. (continued)

Comparison (n 5 2,676) Intervention (n 5 3,038) Standardized Difference

With at least a high school
education

82.3% 82.6% 0.05

Who take public transportation to
work

4.9% 4.8% 20.01

Who walk to work 4.1% 4.2% 0.02

The following are WWC Standards for establishing baseline equivalence according to standardized differences: #0.05 equivalence
established; .0.05 to #0.25 equivalence established with statistical adjustment; and .0.25 equivalence not established.
Note. OBGYN 5 obstetrics/gynecology; STD5 sexually transmitted disease; WWC5What Works Clearinghouse.

Table 3. Risk of Linkage to and Reengagement in

Care, Preferred Models for Both Samples

Hazard Ratio 95% CIs p Value

Linking to care 1.56 1.24–1.96 ,.001

Reengaging in care 1.17 1.08–1.27 ,.001

Note. CI 5 confidence interval.
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system by comparing outcomes for people who lived in
the same regions before and after the system was imple-
mented. We implemented a natural experiment that capi-
talized on the exogenous assignment of individuals to
intervention and comparison conditions. The assignment
mechanism created groups that were well-balanced across
most baseline characteristics. Without random assign-
ment, we cannot know the distribution of unobserved
characteristics, but this equivalency is compelling evidence
that the estimated impacts were not attributable to pre-
existing differences in the two groups. Nor was selection
bias lurking beneath a set of statistically balancedobserved
covariates. The comparison group was not synthetically
matched nor was it comprised of PLWHwho selected out
(orwere selectedout) of the intervention group.Moreover,
the comparison and intervention groups came from the
sameregions.Thebalance thatweobservedatbaselinewas
a product of the assignment mechanism alone. Findings
were robust to alternative specifications. Benchmark
effects persisted with alternative model specifications, al-
ternative explanatory factors, and the inclusionof a secular
trend variable. Our use of a natural experiment demon-
strated how an empirical approach can be used to produce
causal estimates in a case when only administrative data
are available and covariates are too limited to assume ig-
norable treatment assignment.

As is detailed in the analytic approach below, our
evaluationdid not estimate the effect of directly receiving

LA Links services; it estimated the average effect of the
data-to-care and patient navigation systemon all eligible
PLWH.The contrast, in other words, was not the receipt
of different services but the set of services offered by two
competing systems. This approach was attractive be-
cause it produced the broadest estimate of the impact of
the treatment system, one that was relevant to policy
decisions, and because it mitigated selection effects that
would be present in more targeted estimates.
The evaluation had several real limitations. First, it

remains possible that historical factors may have influ-
enced benchmark impact estimates. If changes in or ef-
ficacy of services for PLWH occurred during the study
period (2011–2015) and we failed to account for these
services (adequately) in ourmodels, resultswill be biased
upward. Second, it is also possible that unobserved
characteristics of PLWH in these regions changed over
time. If this is true, the internal validity of the estimates
from our preferred models could be undermined by se-
lection effects. Third, the eligibility inclusion criteria or
error in data may have lead to nondifferential mis-
classification of sample members in the intervention or
comparison groups, which could attenuate or exagger-
ate impact estimates. Fourth, the evaluation investigates
the impact of a combined data-to-care and patient nav-
igation system in a few regions in a single state. Gener-
alizing findings beyond these populations and settings
may not be justified. The population that is represented

Figure 2.Month-by-month conditional probability of entering care and cumulative probability of remaining out of care for both samples, by intervention
and comparison groups.Note: Month one represents the first month that an individual in the sample transitions to out-of-care status, whichmay occur at
any point during the intervention or comparison windows. Months 21–24 are not included in the newly diagnosed sample figures because no events
occurred during these months.
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in our analytic samples may be more—or less—
responsive to the intervention than other populations.
Because intervention and comparison groups were

separated in time, impact estimates were subject to bias
from historical effects. We accounted for two distinct
types of historical influence in our empirical models. We
used time-variant program indicator variables to statis-
tically control for known alternative programs that could
have influenced linkage or reengagement outcomes dif-
ferentially for the intervention and comparison groups.
Estimates of impact remained substantively unchanged
with the inclusion of each of these control variables. Be-
cause historical bias need not be episodic,we also allowed
for the possibility that outcomes were improving gradu-
ally over time, for reasons other than the LALinks system
being investigated here. Intervention and comparison
groups could have been differentially influenced by
a secular trend of more effective services, or reduced
barriers, over time. For example, systemwide trans-
formations of available services, such as shifts in national
or state budget allocations for HIV service provision, the
implementation of the Affordable Care Act, or changes in
insurance coverage for antiretroviral therapy, could in-
fluence effect estimates.We statistically accounted for this
by including a term that controlled for a linear improve-
ment in linkage and reengagement outcomes over the
durationof the studyperiod. Evenwith this term included
in both empirical models, however, estimates of impact
remained substantively unchanged.
Additional studies are needed. A confirmatory study,

such as a small scale randomized controlled trial, could
validate our results by removing the questions of un-
observed differences and the possibility of historical
effects. Exploratory and qualitative research could help
better understand dose–response relationships and
which PLWH are more influenced by the intervention
and why. This could make the system more effective
and broaden its impact. A cost study could also high-
light whether the intervention is sufficiently cost-
effective to warrant allocation of limited resources. In
any case, the findings have policy relevance for de-
velopment or implementation of successful linkage and
reengagement programs. Our research addressed a pri-
ority public health issue at the state and national levels
(the need to better understand how to link, reengage,
and retain PLWH in continuous care) and provided
insight into a field lacking evidence (Brennan et al.,
2014; Higa et al., 2016; Liau et al., 2013; Mugavero
et al., 2013; Okeke et al., 2014).
The components necessary to replicate our combined

data-to-care and patient navigation intervention are
limited, requiring a functional HIV surveillance system

and several dedicated and trained public health staff,
and represent a means to focus services on individuals
who are out of care and potentially reduce health
disparities.

Conclusion

Our findings suggest that LA Links may be an effective
intervention to link and reengage individuals in HIV
care. Despite potential limitations, the results provided
compelling evidence that an intervention using surveil-
lance data to identify and contact out-of-care PLWH
coupled with navigation services and treatment adher-
ence counseling to connect them to health care and
support services, increases the likelihood that newly di-
agnosed PLWH will link to care, and previously di-
agnosed PLWH will reengage in care.
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Key Considerations

m For PLWH who are newly diagnosed and have not yet

linked to care, data-to-care programs that use

surveillance in combinationwith patient navigationmay

be an effective method for identifying newly diagnosed

persons and connecting them to needed services.

m For PLWH who have lapsed from regular medical

care, data-to-care programs that use surveillance in

combination with patient navigation may be an

effective method for identifying out-of-care persons

and connecting them to needed services.

m Data-to-care programs that identify PLWH who are

not in regular health care may represent a strategy for

reducing health disparities related toHIVby identifying

persons who are most in need of services and

connecting them to care.

Copyright © 2019 Association of Nurses in AIDS Care. Unauthorized reproduction of this article is prohibited.

12 Month 2019 • Volume 00 • Number 00 Anderson et al.



References
Bamford, L. P., Ehrenkranz, P. D., Eberhart, M. G., Shpaner, M., &

Brady, K. A. (2010). Factors associatedwith delayed entry into primary
HIV medical care after HIV diagnosis. AIDS, 24(6), 928–930. doi:10.
1097/QAD.0b013e328337b116

Berger, M. B., Sullivan, K. A., Parnell, H. E., Keller, J., Pollard, A., Cox,
M. E.,…Quinlivan, E. B. (2016). Barriers and facilitators to retaining
and reengaging HIV clients in care: A case study of North Carolina.
Journal of the International Association of Providers of AIDS Care,
15(6), 486–493. doi:10.1177/2325957415616491

Bloom, H. S.,Michalopoulos, C.,&Hill, C. J. (2005). Using experiments
to assess nonexperimental comparison-group methods for measuring
program effects. Learning more from social experiments: Evolving
analytic approaches (pp. 173–235). New York, NY: Russell Sage
Foundation.

Branson, B.M.,Handsfield, H.H., Lampe, M.A., Janssen, R. S., Taylor,
A.W., Lyss, S. B., &Clark, J. E. (2006). Revised recommendations for
HIV testing of adults, adolescents, and pregnant women in health-care
settings.Morbidity and Mortality Weekly Report, 55(14), 1–17.

Brennan, A., Browne, J. P., &Horgan, M. (2014). A systematic review of
health service interventions to improve linkage with or retention in HIV
care.AIDSCare, 26(7), 804–812. doi:10.1080/09540121.2013.869536

Centers for Disease Control and Prevention. (2015). HIV surveillance
report, 2013, 25. Retrieved from https://www.cdc.gov/hiv/pdf/library/
reports/surveillance/cdc-hiv-surveillance-report-2013-vol-25.pdf

Centers for Disease Control and Prevention. (2018). Monitoring selected
national HIV prevention and care objectives by using HIV surveillance
data—United States and 6 dependent areas, 2016. Retrieved from
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html

Cook, T. D., Shadish, W. R., & Wong, V. C. (2008). Three conditions
under which experiments and observational studies produce
comparable causal estimates: New findings from within‐study
comparisons. Journal of Policy Analysis and Management, 27(4),
724–750. doi:10.1002/pam.20375

Crawford, T. N., Sanderson, W. T., & Thornton, A. (2014). Impact of
poor retention in HIV medical care on time to viral load suppression.
Journal of the International Association of Providers of AIDS Care,
13(3), 242–249. doi:10.1177/2325957413491431

Gardner, E.M.,McLees, M. P., Steiner, J. F., Del Rio, C.,&Burman, W.
J. (2011). The spectrum of engagement in HIV care and its relevance to
test-and-treat strategies for prevention of HIV infection. Clinical
Infectious Diseases, 52(6), 793–800. doi:10.1093/cid/ciq243

Garland, P.M., Valverde, E. E., Fagan, J., Beer, L., Sanders, C.,Hillman,
D., … Bertolli, J. (2011). HIV counseling, testing and referral
experiences of persons diagnosed with HIV who have never entered
HIV medical care. AIDS Education and Prevention, 23(3 Suppl),
117–127. doi:10.1521/aeap.2011.23.3_supp.117

Glazerman, S., Levy, D. M., & Myers, D. (2003). Nonexperimental
versus experimental estimates of earnings impacts. Annals of the
American Academy of Political and Social Science, 589(1), 63–93. doi:
10.1177/0002716203254879

Higa, D. H., Crepaz, N., & Mullins, M. M. (2016). Identifying best
practices for increasing linkage to, retention, and re-engagement inHIV
medical care: Findings from a systematic review, 1996-2014.AIDS and
Behavior, 20(5), 951–966. doi:10.1007/s10461-015-1204-x

Kay, E. S., Batey, D. S., &Mugavero, M. J. (2016). The HIV treatment
cascade and care continuum: Updates, goals, and recommendations for

the future. AIDS Research and Therapy, 13(1), 35. doi:10.1186/
s12981-016-0120-0

Lancet HIV. (2017). U5U taking off in 2017. Lancet HIV, 4(11), e475.
doi:10.1016/S2352-3018(17)30183-2

Liau, A., Crepaz, N., Lyles, C.M.,Higa, D.H.,Mullins, M.M.,DeLuca,
J., … Marks, G. (2013). Interventions to promote linkage to and
utilization of HIV medical care among HIV-diagnosed persons: A
qualitative systematic review, 1996-2011. AIDS and Behavior, 17(6),
1941–1962. doi:10.1007/s10461-013-0435-y

Louisiana Department of Health and Hospitals Office of Public Health
STD/HIV Program. (2013). 2013 STD/HIV surveillance report.
Retrieved from http://ldh.la.gov/assets/oph/HIVSTD/hiv-aids/2015/
2013_STD_HIV_Surveillance_Report.pdf

Mayer, K.H. (2011). Introduction: Linkage, engagement, and retention in
HIV care: Essential for optimal individual-and community-level
outcomes in the era of highly active antiretroviral therapy. Clinical
Infectious Diseases, 52(Suppl 2), S207. doi:10.1093/cid/ciq043

Mugavero, M. J. (2016). Elements of theHIV care continuum: Improving
engagement and retention in care. Topics in Antiviral Medicine, 24(3),
115–119.

Mugavero, M. J., Amico, K. R., Horn, T., & Thompson, M. A. (2013).
The state of engagement in HIV care in the United States: From cascade
to continuum to control. Clinical Infectious Diseases, 57(8),
1164–1171. doi:10.1093/cid/cit420

Okeke, N. L., Ostermann, J., & Thielman, N. M. (2014). Enhancing
linkage and retention in HIV care: A review of interventions for highly
resourced and resource-poor settings. Current HIV/AIDS Reports,
11(4), 376–392. doi:10.1007/s11904-014-0233-9

Panel on Antiretroviral Guidelines for Adults and Adolescents. (2019).
Guidelines for the use of antiretroviral agents in adults and adolescents
with HIV. Retrieved from http://www.aidsinfo.nih.gov/ContentFiles/
%20AdultandAdolescentGL.pdf

Skarbinski, J., Rosenberg, E., Paz-Bailey, G., Hall, H. I., Rose, C. E.,
Viall, A. H.,…Mermin, J. H. (2015). Human immunodeficiency virus
transmission at each step of the care continuum in the United States.
Journal of the American Medical Association Internal Medicine,
175(4), 588–596. doi:10.1001/jamainternmed.2014.8180

Sweeney, P., Gardner, L. I., Buchacz, K., Garland, P. M., Mugavero, M. J.,
Bosshart, J. T., … Bertolli, J. (2013). Shifting the paradigm: Using HIV
surveillancedataasa foundation for improvingHIVcareandpreventingHIV
infection.MilbankQuarterly, 91(3), 558–603. doi:10.1111/milq.12018

Sweeney, P., Hoyte, T., Mulatu, M. S., Bickham, J., Brantley, A. D.,
Hicks, C.,…Yerkes, L. (2018). Implementing a data to care strategy to
improve health outcomes for people with HIV: A report from the Care
and Prevention in the United States Demonstration Project. Public
Health Reports, 133(2 Suppl), 60S–74S. doi:10.1177/
0033354918805987

Tobias, C. R., Cunningham, W., Cabral, H. D., Cunningham, C. O.,
Eldred, L.,Naar-King, S.,…Drainoni, M. (2007). LivingwithHIVbut
without medical care: Barriers to engagement. AIDS Patient Care and
STDs, 21(6), 426–434. doi:10.1089/apc.2006.0138

Workowski, K. A., & Bolan, G. A. (2015). Sexually transmitted diseases
treatment guidelines, 2015. Morbidity and Mortality Weekly Report.
Recommendations and Reports, 64(RR3), 1–137.

Yehia, B. R., Stewart, L., Momplaisir, F., Mody, A., Holtzman, C. W.,
Jacobs, L. M., … Metlay, J. P. (2015). Barriers and facilitators to
patient retention inHIVcare.BMCInfectiousDiseases,15(1), 246. doi:
10.1186/s12879-015-0990-0

Copyright © 2019 Association of Nurses in AIDS Care. Unauthorized reproduction of this article is prohibited.

Journal of the Association of Nurses in AIDS Care Improving Engagement in HIV Care 13

http://dx.doi.org/10.1097/QAD.0b013e328337b116
http://dx.doi.org/10.1097/QAD.0b013e328337b116
http://dx.doi.org/10.1177/2325957415616491
http://dx.doi.org/10.1080/09540121.2013.869536
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-report-2013-vol-25.pdf
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-report-2013-vol-25.pdf
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html
http://dx.doi.org/10.1002/pam.20375
http://dx.doi.org/10.1177/2325957413491431
http://dx.doi.org/10.1093/cid/ciq243
http://dx.doi.org/10.1521/aeap.2011.23.3_supp.117
http://dx.doi.org/10.1177/0002716203254879
http://dx.doi.org/10.1007/s10461-015-1204-x
http://dx.doi.org/10.1186/s12981-016-0120-0
http://dx.doi.org/10.1186/s12981-016-0120-0
http://dx.doi.org/10.1016/S2352-3018(17)30183-2
http://dx.doi.org/10.1007/s10461-013-0435-y
http://ldh.la.gov/assets/oph/HIVSTD/hiv-aids/2015/2013_STD_HIV_Surveillance_Report.pdf
http://ldh.la.gov/assets/oph/HIVSTD/hiv-aids/2015/2013_STD_HIV_Surveillance_Report.pdf
http://dx.doi.org/10.1093/cid/ciq043
http://dx.doi.org/10.1093/cid/cit420
http://dx.doi.org/10.1007/s11904-014-0233-9
http://www.aidsinfo.nih.gov/ContentFiles/%20AdultandAdolescentGL.pdf
http://www.aidsinfo.nih.gov/ContentFiles/%20AdultandAdolescentGL.pdf
http://dx.doi.org/10.1001/jamainternmed.2014.8180
http://dx.doi.org/10.1111/milq.12018
http://dx.doi.org/10.1177/0033354918805987
http://dx.doi.org/10.1177/0033354918805987
http://dx.doi.org/10.1089/apc.2006.0138
http://dx.doi.org/10.1186/s12879-015-0990-0

