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Background: Comprehensive laboratory reporting of CD4 and
viral load (VL) tests to surveillance has been used to assess HIV
care–related outcomes at the population level, but their validity for
this purpose has not been comprehensively evaluated.

Objective: Assess performance characteristics and validity of
surveillance-based measures of linkage to and establishment of
HIV primary care among HIV-infected persons in the ﬁrst 12 months
after diagnosis using medical record (MR) data on outpatient HIV
primary care visits as the gold standard.
Methods: All patients diagnosed with HIV in 2009 at 24 New York
City high-volume, HIV diagnostic and treatment facilities who
linked to care within 12 months at the same site as deﬁned by the
presence of $1 CD4/VL report received by surveillance were
selected for MR review to conﬁrm linkage to outpatient HIV primary
care within the ﬁrst year. All HIV care visit dates were abstracted
and considered associated with a surveillance laboratory report, if
within 14 days of a care visit. The proportion linking to care according to the MR was compared with the proportion linking per CD4/
VL tests reported to surveillance. Four measures of the establishment
of outpatient HIV primary care in the ﬁrst year were assessed: (1)
sustained care (ﬁrst visit within 3 months; second visit, 3–9 months
later), (2) continuous care (2 visits at least 90 days apart), (3) trimester visits (visit in each 4-month period), and (4) visit constancy
(visit in each 3-month period). The validity of surveillance data for
measuring this outcome was assessed by comparing results for each
of the 4 measures calculated using surveillance data to those calculated using MR data.

Results: Of the 782 patients selected, 20% (N = 157) of patients did
not link to outpatient HIV primary care at the co-located care facility
within 12 months of diagnosis. Half (48.5%) of patients’ care visits
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after linkage did not have an associated CD4/VL reported to surveillance. Of the 4 establishment measures, sustained and continuous
care had the highest agreement with MR (86.6% and 88.8%, respectively) as compared with the trimester visits and visit constancy
(77.8% and 72.8%, respectively).

Conclusions: Surveillance data overestimated linkage rates but
underestimated the frequency of HIV care in the ﬁrst year after HIV
diagnosis. Of the 4 measures of establishment of HIV care evaluated,
“sustained care” is best suited for measurement using surveillance
data because of its high level of agreement with MR data and close
alignment with national standards for timely linkage and ﬂexible
follow-up.
Key Words: HIV, linkage to care, establishment in care, HIV surveillance, HIV care continuum
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INTRODUCTION
The National HIV/AIDS Strategy (NHAS), released by
the White House in 2010, formalizes national goals for
increasing access to and receipt of medical care for persons
living with HIV (PLWH). In response to the NHAS, the
Centers for Disease Control and Prevention (CDC) published
the United States Continuum of HIV care in late 2011,1 as
a framework for evaluating the clinical status of the nation’s
PLWH population. CDC recommended that public health
ofﬁcials and HIV care providers work to improve engagement
by PLWH in each stage of the continuum to meet NHAS
goals. Under current guidelines that recommend initiation
of antiretroviral therapy (ART) immediately after HIV
diagnosis, patients are expected to move quickly through
each stage of the continuum and to achieve viral suppression
soon after diagnosis.2
Increasingly, widespread electronic reporting of HIVrelated laboratory test data to HIV surveillance programs has
enabled longitudinal population-based monitoring of the
clinical status of PLWH by public health ofﬁcials. CD4
counts and viral load (VL) tests are typically used by
surveillance programs as proxy measures for the receipt of
HIV medical care,1,3–6 deﬁned by the Health Resources and
Services Administration as an outpatient HIV medical care
visit with a provider authorized to prescribe ART.7 However,
despite growing interest in the use of HIV surveillance data
for measuring care-related outcomes among PLWH at both
the national and local levels, there has been only limited
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comprehensive evaluation of the validity of surveillance data
for such purposes.4,8–10 To date, most nationally representative estimates for HIV-related care measures have validated
data from cohort studies against clinical data on HIV care
visits.11,12 In addition, several studies have raised concerns
about the accuracy of laboratory data in reﬂecting linkage
to care.6,10 To the best of our knowledge, no study has used
population-level surveillance data to comprehensively validate care-related outcomes against gold-standard medical
record (MR) data on HIV care visits.
New York City (NYC) has approximately 3500 new
diagnoses of HIV infection annually.13 Comprehensive electronic reporting of all CD4 and VLs began in 2005, which has
enabled the HIV Epidemiology and Field Services Program
(HEFSP) of the NYC Department of Health and Mental
Hygiene (DOHMH) to monitor care-related outcomes of
PLWH. We conducted the NYC Care Validation Study to
validate CD4 and VL tests reported to HEFSP as proxy measures for medical care during the ﬁrst year after HIV diagnosis.
The primary objective of the study was to evaluate whether
patients’ ﬁrst laboratory test after HIV diagnosis represents
linkage to outpatient HIV primary care. We hypothesized that
laboratory tests drawn in the early postdiagnostic period are
part of the diagnostic workup and therefore do not represent
actual linkage. The secondary objective was to assess how
well outpatient HIV primary care received by PLWH in the
ﬁrst year after HIV diagnosis is captured by laboratory tests
reported to HEFSP. Additionally, we evaluated 4 commonly
used approaches for measuring the establishment of ongoing
HIV primary care after initial linkage.

METHODS
Study Population and Data Sources
Surveillance Population
New York State (NYS) Public Health Law requires
named reporting to the NYC DOHMH of all HIV/AIDS
diagnoses, all HIV-related illness, and all CD4, VL, and
genotype tests conducted for PLWH.14 HEFSP manages the
population-based Registry, which is continuously updated
with demographic, clinical and other information on persons
meeting the CDC’s HIV surveillance case deﬁnitions, and
with results of laboratory tests conducted in NYC for PLWH.
Information on deaths among PLWH is appended to the Registry through regular data matches with death certiﬁcate data
managed by the DOHMH’s Bureau of Vital Statistics, as well
as with national vital statistics databases.
We selected a population of newly HIV-diagnosed
patients from the Registry who had laboratory-based evidence
of linkage to HIV care within the 12 months after HIV
diagnosis and were therefore eligible to establish in care.
Eligible patients were aged $13 years at conﬁrmed HIV
diagnosis in NYC between January 1, 2009 and December
31, 2009, and reported to the Registry by September 30,
2010. Because of the large number of HIV-diagnosing providers (over 3500), including small private medical providers
who diagnose only a few persons per year, we restricted
patient selection to high-volume, HIV-diagnosing facilities
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who reported at least 20 new HIV diagnoses in 2009 and
offered co-located HIV medical care (N = 24). Information
on demographic characteristics, name of diagnosing provider,
and patient vital status within 12 months of HIV diagnosis
was obtained from the Registry. An independent database
was developed for this project and prepopulated with
CD4/VL tests ordered by the diagnosing facility during
the 12 months after each patient’s HIV diagnosis date and
reported to the Registry.

Medical Record Abstraction Data and Population
To enable validation of both linkage and establishment
measures, we abstracted dates for all outpatient HIV care
visits reported in the MR that occurred within 12 months of
HIV diagnosis at the co-located care site. Generally, DOHMH
considers patients to be linked to or receiving care based on
the laboratory tests ordered by any clinical facility in NYC.
However, for study feasibility, we limited MR abstraction
to the diagnosing facility with co-located care. Cases
without an available MR for review were excluded from
the analytic population.
To determine how well laboratory reporting reﬂects
medical care visits in the ﬁrst year after diagnosis, abstracted
care visit dates were aligned with the dates of each CD4/VL
test reported from the facility to the Registry. Each care visit
was classiﬁed as associated or unassociated with a Registry
laboratory test if the laboratory test date was within 14 days of
the care visit date. Care visits were considered to be
associated with a laboratory test(s), if the HIV provider
ordered or reviewed a test(s) at the visit. Although a care visit
could be associated with multiple laboratory tests, each
laboratory test was only associated with 1 care visit. Finally,
we abstracted whether the HIV diagnosis occurred in the
inpatient setting. All MR reviews were performed by a NYC
DOHMH HIV physician specialist.

Statistical Methods
Outcome Deﬁnitions
Linkage to Care
Linkage to care was deﬁned as evidence of an HIVrelated laboratory test (CD4 or VL, per the Registry) or HIV
care visit (per MR) within 12 months of HIV diagnosis.
Timely linkage to care was deﬁned as an HIV-related
laboratory test (per Registry) or care visit (per MR) within
91 days of HIV diagnosis.
Establishment in Ongoing HIV Primary Care (Establishment
in Care)
We selected 4 approaches for measuring establishment
in care and applied them to the ﬁrst year after HIV diagnosis.
The 4 measures differ primarily in the frequency of laboratory
tests or care visits required of patients in a 12-month period.
The ﬁrst 2 measures, “continuous care7” and “sustained care9”
both require 2 visits in a 12-month period. Continuous care
requires $2 tests or visits at least 90 days apart, and sustained
care, speciﬁc to the ﬁrst year, requires $1 test or visit 3–9
months after timely linkage. The continuous care measure is
Ó 2013 Lippincott Williams & Wilkins
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used by Health Resources and Services Administration as
a clinic performance measure and is an NHAS indicator.
The second 2 measures are aligned with current guidance
on clinical visit schedules. “Trimester visits” require $1 test
or visit in each 4-month period over 12 months,15 and “visit
constancy” requires $1 test or visit in each quarter over 12
months.16 The trimester visits performance measure was
developed by the NYS AIDS institute to monitor patients’
compliance with the recommended clinic visit schedule at
Designated AIDS Centers in New York. The visit constancy measure mirrors the clinical schedule outlined in
the Department of Health and Human Services (DHHS)
treatment guidelines. 2

Analysis
We performed a descriptive analysis of the demographic and risk characteristics of the analytic population. To
assess potential selection bias, characteristics of the analytic
population were compared with those of all persons with
a conﬁrmed diagnosis of HIV in NYC in 2009.
Linkage to Care
Timely linkage-to-care rates were calculated for the
analytic population using data from the Registry and MR. By
deﬁnition, all patients in the analytic population were
considered linked to care within 12 months based on the
Registry data. We determined the proportion of patients that

Monitoring Care With HIV Surveillance

linked to care based on the MR, and categorized patients into
2 groups: “medical-visit” group, if MR conﬁrmed $1 HIV
care visit occurred at the site of diagnosis, or “no-medical-visit
group” for patients without a care visit at the diagnosing site.
We compared the demographic characteristics of the 2 subgroups and the proportion: (1) concurrently HIV-diagnosed
(AIDS diagnosis within 31 days of HIV diagnosis), (2) diagnosed in the inpatient setting, and (3) who died during the
12 months after HIV diagnosis.
To test the hypothesis that early postdiagnosis laboratory tests are part of the diagnostic workup, we calculated
median time in days from HIV diagnosis to patients’ ﬁrst
CD4/VL and compared the distribution of the timing of patients’ ﬁrst CD4/VL by subgroup within 0–7 and 0–14 days
from diagnosis. We calculated the sensitivity, speciﬁcity, positive predictive value (PPV), and negative predictive value
(NPV) of Registry data in correctly classifying patients’ true
timely linkage-to-care status (per MR) based on the ﬁrst CD4/
VL test within: (1) 0–91 days, (2) 8–91 days, or (3) 15–91
days after HIV diagnosis. Sensitivity was deﬁned as the probability that Registry data indicated timely linkage among persons conﬁrmed to be timely linked by MR. Speciﬁcity was
deﬁned as the probability that Registry data did not indicate
timely linkage among persons conﬁrmed not to be timely
linked by MR. PPV was deﬁned as the proportion of persons
with MR-conﬁrmed timely linkage among all persons with
Registry evidence of timely linkage. NPV was deﬁned as the

FIGURE 1. Study population for NYC Care Validation Study of HIV-related laboratory tests as proxy measures for linkage to and
establishment in care against MR data.
Ó 2013 Lippincott Williams & Wilkins
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TABLE 1. Demographic, Risk, and Clinical Characteristics of All Patients Aged 13 Years and Older Newly Diagnosed With HIV in
2009 in New York City, Patients in the Final Care Validation Study Population, Patients in the Medical Visit Group ($1 HIV Medical
Care Visit at Site of HIV Diagnosis in 12 Months After Diagnosis), and Patients in the No-Medical-Visit Group (No HIV Medical Care
Visit at Site of HIV Diagnosis)

Total
Sex
Men
Women
Median age at HIV diagnosis
(range)
Race/ethnicity
Black
Hispanic
White
Asian/Paciﬁc Islander
Other§
Transmission risk
Men who have sex with men
Injection drug use history
Heterosexualk
Other¶
Concurrent HIV/AIDS
diagnosis#
Yes
No
CD4 count (cells/mL) at
diagnosis**
,200
200–349
350–499
$500
Unknown

All New 2009 HIV
Diagnoses
N (%)

Final Study
Population
N (%)

3536 (100.0)

782 (100.0)

2692 (76.1)
844 (23.9)
36 (13–83)

573 (73.3)
209 (26.7)
39 (15–80)

1693
1124
599
105
15

(47.9)
(31.8)
(16.9)
(3.0)
(0.4)

385
292
81
23
1

(49.2)
(37.3)
(10.4)
(2.9)
(0.1)

,0.001

300
234
69
21
1

(48.0)
(37.4)
(11.0)
(3.4)
(0.2)

85
58
12
2
0

(54.1)
(36.9)
(7.6)
(1.3)
(0.0)

0.370

1543
175
792
1026

(43.6)
(4.9)
(22.4)
(29.0)

297
40
236
209

(38.0)
(5.1)
(30.2)
(26.7)

,0.001

268
26
183
148

(42.9)
(4.2)
(29.3)
(23.7)

29
14
53
61

(18.5)
(8.9)
(33.8)
(38.9)

,0.001

328 (41.9)
454 (58.1)

,0.001

231 (37)
394 (63)

97 (61.8)
60 (38.2)

,0.001

268
134
146
182
52

,0.001

181
116
131
151
46

87
18
15
31
6

,0.001

819 (23.2)
2717 (76.8)

702
532
576
853
873

(19.9)
(15.0)
(16.3)
(24.1)
(24.7)

(34.3)
(17.1)
(18.7)
(23.3)
(6.6)

P*†

0.092
0.002

Medical Visit
Group
N (%)

No-Medical-Visit
Group
N (%)

625 (100.0)

157 (100.0)

464 (74.2)
161 (25.8)
37 (15–78)

109 (69.4)
48 (30.6)
42 (16–80)

(29.0)
(18.6)
(21.0)
(24.2)
(7.4)

(55.4)
(11.5)
(9.6)
(19.7)
(3.8)

P*‡

0.220
0.001

*P value generated by Pearson’s x2 or Fisher exact tests for proportions, or Wilcoxon rank-sum test for medians.
†P value comparing patients in the ﬁnal study population and all patients aged 13 years and older with a conﬁrmed new HIV diagnosis in 2009 in New York City.
‡P value comparing patients in the medical visit group and patients in the no-medical visit group.
§Other race/ethnicity includes Native American, multiracial, and unknown race.
kIncludes persons who had heterosexual sex with a person they know to be HIV-infected, an injection drug user, or a person who has received blood products. For women only,
also includes history of prostitution, multiple sex partners, sexually transmitted disease, crack/cocaine use, sex with a bisexual men, probable heterosexual transmission as noted in
medical chart, or sex with a men and negative history of injection drug use.
¶Other transmission risk includes unknown and perinatal. No perinatal cases were included in the ﬁnal study population.
#AIDS diagnosis within 31 days of HIV diagnosis.
**CD4 cell count category at diagnosis was determined by the ﬁrst CD4 reported to within 91 days of diagnosis. CD4 count at diagnosis is unknown for patients with no CD4
reported to surveillance within 91 days of diagnosis.

proportion of persons with MR-conﬁrmed no timely linkage
among all persons for whom Registry data did not indicate
timely linkage.
Establishment in Care
Only patients in the medical-visit group were eligible
for these analyses because MR care visit data were necessary
for evaluating the validity of Registry data as a reﬂection of
clinical encounters made to establish HIV care. For these
patients, the total number, median and range per patient of
Registry tests, and MR care visits were calculated. The
number and proportion of care visits that were not associated
with a Registry laboratory test were quantiﬁed.
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To evaluate the performance of the 4 approaches for
measuring establishment, we calculated the proportion of
patients that fulﬁlled the criterion of each measure using
Registry and MR data. The proportion of patients who were
considered to be established or not established by both
Registry and MR data (percent-agreement) was calculated
and compared across measures.
Given the current recommendation to initiate ART
immediately after diagnosis, patients should achieve viral
suppression (deﬁned as VL #200 copies/mL17) by or soon
after they become established in care.2,18 Consequently,
a good measure of establishment in care should capture patients who are virally suppressed. To corroborate the measure
Ó 2013 Lippincott Williams & Wilkins
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that would reﬂect the full extent of care, the proportion of
patients that met each establishment measure per both Registry and MR data who achieved viral suppression within
6 months after establishment (based on the ﬁrst suppressed
VL in the Registry for that period) was calculated. VL data
reported to the NYC DOHMH as of September 30, 2012,
were used.
All statistical tests were 2-sided, and P values of ,0.05
were considered statistically signiﬁcant. Analyses were conducted using SAS version 9.2 (SAS Institute, Inc., Cary, NC).

RESULTS
Analytic Population
Of the 3536 new, conﬁrmed HIV diagnoses in NYC in
2009, 35.6% (N = 1263) occurred at one of 24 clinical sites,
with 75.0% (N = 947) of patients having Registry evidence of
linkage within 12 months of diagnosis (Fig. 1). The remaining
25.0% (N = 316) were excluded because they had no Registry
evidence of linkage within 12 months of diagnosis. Based on
the MR availability, the analytic population was 782 patients
from 22 facilities. Compared with all persons newly diagnosed in 2009, the analytic population included more Hispanics and fewer whites, and more persons with
heterosexual HIV transmission risk and fewer men who have
sex with men (Table 1).

Linkage to Care
By design, all 782 patients (analytic population) had
Registry evidence of linkage within 12 months of HIV
diagnosis. The proportion that linked timely to care was

TABLE 2. Sensitivity, Specificity, Positive Predictive Value, and
Negative Predictive Value of HIV-Related Laboratory Tests
From the NYC HIV Surveillance Registry for Measuring Timely
Linkage to Care (#3 Months) Among Persons Aged $13 Years
Newly Diagnosed with HIV in 2009 in NYC

Sensitivity*
Speciﬁcity†
PPV‡
NPV§

Registry
Laboratory
Data vs. MR
Data on Care
Visits, With No
Laboratories
Excluded (%)

Registry
Laboratory Data
vs. MR,
Excluding
Laboratories
Drawn 0–7 Days
Postdiagnosis
(%)

Registry
Laboratory Data
vs. MR,
Excluding
Laboratories
Drawn 0–14
Days
Postdiagnosis
(%)

99.8
10.6
76.6
95.5

89.0
44.2
82.4
57.9

82.0
49.2
82.6
48.3

*Sensitivity, probability that Registry data indicated timely linkage among persons
conﬁrmed to be timely linked by MR.
†Speciﬁcity, probability that Registry data did not indicate timely linkage among
persons conﬁrmed not to be timely linked by MR.
‡PPV, proportion of persons with MR-conﬁrmed timely linkage among all persons
with Registry evidence of timely linkage.
§NPV, proportion of persons with MR-conﬁrmed no timely linkage among all
persons for whom Registry data did not indicate timely linkage.

Ó 2013 Lippincott Williams & Wilkins
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signiﬁcantly lower based on the MR data compared with
Registry data (74.6% vs. 97.2%, respectively; P , 0.01). Per
MR, only 79.9% (N = 625) of patients had an HIV care visit/
linkage event during the 12-month period and were classiﬁed
in the medical-visit group; the remaining 157 (20.1%) were
classiﬁed in the no-medical-visit group.
The medical-visit and no-medical-visit groups differed
on several demographic and key clinical outcomes (Table 1).
Compared with the medical-visit group, patients in the nomedical-visit group were older (median age 42 vs. 37 years,
P = 0.001), more likely to have an unknown HIV transmission risk (38.9% vs. 23.7%, P , 0.0001), to be diagnosed
concurrently with HIV/AIDS (61.8% vs. 37.0%, respectively;
P , 0.0001), to be diagnosed in the inpatient setting (73.2%
vs. 31.5%, P , 0.0001), and to die within 12 months of
diagnosis (17.8% vs. 1.4%, P , 0.0001).
Patients in the no-medical-visit group had a signiﬁcantly
shorter time between diagnosis and linkage based on the
Registry data than the medical-visit group (1 day interquartile
range, 0–5 vs. 8 days interquartile range, 0–20; P , 0.01). In
both subgroups, laboratory test dates clustered close to the
diagnosis date, with 88% of all patients having their ﬁrst
CD4/VL within the ﬁrst month after diagnosis. However,
more patients in the no-medical-visit group had their ﬁrst
CD4/VL in both of the early postdiagnosis periods (80.3%
within 0–7 days; 85.4% within 0–14 days) compared with the
medical-visit group (48.8% and 65.8%, respectively; P ,
0.001 for all comparisons). Moreover, among patients whose
only laboratory tests were drawn in the ﬁrst 7 days after
diagnosis, 85% had no care visits at the diagnosing facility
within the 12 months of diagnosis.
Registry data were highly sensitive in classifying
patients’ timely linkage-to-care status (99.8%), but speciﬁcity
was poor (10.6%) (Table 2). After excluding laboratory tests
drawn within 0–7 and 0–14 days after diagnosis, sensitivity
decreased to 89.0% and 82.0%, respectively. Speciﬁcity,
however, increased with early postdiagnostic tests removed,
especially after removing tests from 0 to 7 days after
diagnosis (10.6% to 44.2%). PPV remained stable throughout
and NPV decreased substantially after early laboratory tests
were excluded.

Establishment in Care
The 625 patients included in the establishment analyses had a total of 3542 CD4 and VL tests with unique
Registry dates during the 12 months after diagnosis (median,
5 per patient; range, 1–20). During the same time period,
patients made a total of 4413 care visits at the diagnosing
sites (median, 7 per patient; range, 1–28). Nearly half
(48.5%, N = 2141) of the care visits were not associated
with a Registry test.
The proportion of patients considered to be established
in care by the 4 measures evaluated ranged from 35.5% to
81.7% using Registry data and from 43.8% to 81.0% using
MR data (Table 3). In general, as the test/visit schedule
became more stringent with a higher number of tests/visits
required in the 12-month period, fewer patients met the measure. The most stringent measure—visit constancy (1 test/visit
www.jaids.com |
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TABLE 3. Performance of Approaches for Measuring Establishment in Care Among Persons Aged $13 Years Newly Diagnosed
with HIV in 2009 in NYC: HIV Surveillance Registry vs. MR Data
Proportion Established
in Care by the Registry
(Total N = 782) (%)

Proportion
Established in Care
by MR (Total
N = 625) (%)

Percent-Agreement*
Between the Registry
and MR, N (%)

Viral Suppression† Among
Patients Meeting Measure by
Both the Registry and MR, N
(%)

81.7

81.0

500 (88.8)

311 (62.2)

77.1

80.0

475 (86.6)

297 (62.5)

56.8

60.0

319 (77.8)

229 (71.7)

35.5

43.8

176 (72.8)

137 (77.8)

Continuous care‡: $2 laboratory tests
or care visits $90 days apart during
12 months postdiagnosis
Sustained care§: $1 laboratory test or
care visit occurring 3–9 months
after initial linkage event (#3 mo)
Trimester visitsk: 1 laboratory test or
care visit in each 4-month period
during 12-month postdiagnosis
Visit constancy¶: 1 laboratory test or
care visit in each 3-month period
during 12-month postdiagnosis

*Percent-agreement is the proportion of patients with both Registry and MR data that were either considered established in care or not established in care by both data sources.
†Viral suppression (VL #200 copies/mL) within 6 months of establishment in care per the registry.
‡Health Resources and Services Administration.7
§Dombrowski et al.9
kNew York State AIDS Institute.
¶Mugavero et al.16

in each quarter) had the fewest patients considered established
(35.5% Registry data; 43.8% MR data) of the 4 measures.
This pattern was reﬂected in the percent agreement between
the Registry and MR for the 4 measures, with values ranging
from 72.8% to 88.8% and being highest for the 2 least stringent measures, continuous care and sustained care.
Finally, the proportion of patients who achieved viral
suppression within 6 months of establishment ranged from
62.2% to 77.8% across the measures. As expected, the highest
viral suppression rates were among patients who were
considered established per the visit constancy measure, the
most stringent of the four. However, only 173 patients were
captured as virally suppressed on this measure, 55.6% of
the 311 total patients who were actually suppressed within
6 months of establishment. By contrast, the less-stringent
sustained care measure captured 95.5% (N = 297) of suppressed patients.

DISCUSSION
In a comparison of NYC surveillance data against
gold-standard MR data, we found that surveillance data
overestimated linkage rates but underestimated the extent of
HIV-related medical care among persons in the ﬁrst year after
diagnosis. Linkage rates were overestimated as many initial
CD4/VL reported to surveillance occurred as part of the
diagnostic workup and did not represent an outpatient
medical visit. However, care throughout the ﬁrst year of
diagnosis was underestimated as many medical visits were
focused on the delivery of non-HIV primary care, i.e.,
diabetes and hypertension. Despite this, surveillance data
remain an important data source for population-level monitoring of PLWH. Our study ﬁndings suggest reﬁnements in
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measurement approaches to more accurately reﬂect linkage
and establishment in care.
Surveillance programs typically rely on the ﬁrst HIVrelated laboratory test after diagnosis as an indication of
linkage to medical care. As expected, we found that
surveillance data were highly sensitive in capturing interactions with the health care system. However, we found
substantial misclassiﬁcation of timely linkage status in the
early postdiagnosis period in which many reported laboratories were part of the diagnostic workup and not indicative of
an actual linkage event. Based on this study ﬁnding, the NYC
DOHMH HEFSP implemented a reﬁned deﬁnition of timely
linkage to care in 2012. The modiﬁed deﬁnition considers
only patients with CD4/VL between 8 days and 91 days to be
linked timely to HIV care; laboratory tests in the ﬁrst 7 days
after diagnosis are considered part of the diagnostic workup.
The application of this reﬁnement initially shifted timely
linkage rates downward but has resulted in more accurate
NYC estimates. Even with the exclusion of laboratories
within the ﬁrst 7 days after diagnosis, speciﬁcity improved
but remained low given that CD4 or VL tests can be drawn
during the diagnostic workup or an inpatient admission as
well as during an outpatient medical visit.
Surveillance data were most likely to overestimate
linkage for older persons, those with non-men who have
sex with men/injection drug user transmission risk, concurrently diagnosed, and those with advanced HIV disease.
Many who were misclassiﬁed as linked by surveillance died
soon after diagnosis. With the reﬁned timely linkage to care
deﬁnition, most of these persons will no longer have
misclassiﬁed linkage-to-care status and will be included in
public health outreach to promote linkage. Recently passed
state laws that remove barriers to HIV testing, such as the
2010 revised NYS HIV testing law that requires clinicians to
Ó 2013 Lippincott Williams & Wilkins
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FIGURE 2. HIV continuum of care for persons aged $13 years diagnosed with HIV in NYC in 2009.

offer an HIV test to all person ages 13–64 and to link all
newly HIV-diagnosed persons to HIV care,14 should support
this goal, as will large-scale community-wide NYC HIV testing and linkage initiatives such as The Bronx Knows19 and
Brooklyn Knows.20 In addition, NYC DOHMH is providing
feedback on facility-speciﬁc linkage rates to assist highvolume HIV providers in tracking their progress toward
timely linkage goals. Accuracy of local and national surveillance data as a measure of linkage will improve as these
initiatives in NYC and similar ones in other jurisdictions21,22
result in improvements in true linkage to HIV care.
Establishment in care after linkage is an equally critical
step in reducing morbidity, mortality, and secondary transmissions among PLWH and should be included among key
care indicators. In the year after HIV diagnosis, study patients
sought frequent medical care with a cumulative total of
.4000 visits. Notably, we found that nearly half (48.5%) of
patient’s care visits were not associated with a CD4/VL. The
marked underestimation of care among these patients by surveillance data underscores the range of primary care now
being provided to PLWH. The DHHS-recommended patient
visit schedule aligns most closely with the 2 most stringent
measures of establishment in care we evaluated (trimester
visits and visit constancy). However, DHHS guidelines do
incorporate some ﬂexibility (eg, monitoring every 3–6
months) and leave the frequency of in-person encounters to
clinicians’ discretion. We recommend that surveillance programs use sustained care ($1 laboratory test occurring 3–9
months after initial timely linkage event) for measuring establishment because it requires timely linkage but allows for some
variability in the timing of subsequent CD4/VL testing. HEFSP
plans to incorporate this measure into routine monitoring of
Ó 2013 Lippincott Williams & Wilkins

establishment in care among recently diagnosed PLWH
after timely linkage. Figure 2 provides an example of a
continuum of care for persons newly HIV diagnosed in
NYC in 2009 using HEFSP’s modiﬁed linkage to care
deﬁnition and the sustained care measure for establishment in care.
This is one of the ﬁrst studies to validate populationlevel surveillance laboratory data against information on
outpatient care visits recorded in the MR. We evaluated 2
key indicators, and study ﬁndings informed an important
change to the way NYC HEFSP measures timely linkage to
care. Limitations are also noted. A small proportion (188 or
5% of total test dates for study patients) of CD4/VL test dates
noted in patients’ medical charts could not be identiﬁed in the
Registry for the speciﬁc patient and ordering provider. Study
conclusions are limited to the ﬁrst year after diagnosis. Additional validation work is needed to determine the best measurement of retention among long-standing PLWH. For
logistical reasons, we only performed chart reviews at patients’ diagnosing sites; linkage to and establishment in care
could have occurred at other clinical facilities in NYC or even
outside our jurisdiction, particularly for patients who were
found to have no medical care at the diagnosing facility.
We oversampled patients from acute care facilities, which
may explain slight demographic differences between the analytic population and all newly diagnosed NYC PLWH during
the time period. However, study facilities represent the
highest-volume HIV diagnosing facilities in NYC and collectively care for a large proportion of NYC PLWH. DHHS
treatment guidelines in effect at the time our analytic population was diagnosed recommended ART initiation at CD4
,500; though patients were established in care they may
www.jaids.com |
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not have been ART-eligible and therefore expected to be
virally suppressed.
The US national HIV surveillance system is a critical
data source for understanding the epidemiology of HIV at the
population level, for monitoring the clinical and care status of
PLWH and evaluating NHAS goals, and for informing highimpact HIV prevention efforts.23 However, for the system to
reach its full potential, all jurisdictions will need to implement
comprehensive laboratory reporting. At the local level, surveillance systems require constant upkeep to ensure that reporting of laboratory data are complete, and even with
comprehensive and well-established laboratory reporting in
place, changes in clinical practices24 will directly impact
our understanding of the HIV care continuum. Surveillance
will need to stay current and ﬂexible to achieve its goals while
overcoming these important challenges.
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