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Abstract

Objectives—To assess the HIV care continuum among HIV-infected persons residing in Seattle

& King County, Washington at the end of 2011 and compare estimates of viral suppression

derived from different population-based data sources.

Methods—We derived estimates for the HIV care continuum using a combination of HIV case

and laboratory surveillance data supplemented with individual investigation of cases that appeared

to be unlinked to or not retained in HIV care, a jurisdiction-wide population-based retrospective

chart review, and local data from the CDC's Medical Monitoring Project and National HIV

Behavioral Surveillance.

Results—Adjusting for in- and out-migration of persons diagnosed with HIV, laboratory

surveillance data supplemented with individual case investigation suggest that 67% of persons

diagnosed with HIV and 57% of all HIV-infected persons living in King County at the end of

2011 were virally suppressed (plasma HIV RNA <200 copies/mL). The viral suppression

estimates we derived from a population-based chart review and adjusted local Medical Monitoring

Project data were similar to the surveillance-derived estimate and identical to each other (59%

viral suppression among all HIV-infected persons).

Conclusions—The level of viral suppression in King County is more than twice the national

estimate and exceeds estimates of control for other major chronic diseases in the U.S. Our findings

suggest that national care continuum estimates may be substantially too pessimistic, and highlight

the need to improve HIV surveillance data.
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Introduction

The concept of the HIV care continuum has galvanized the international HIV research

agenda and transformed HIV prevention programs in recent years.1-3 In June, 2013, U.S.

President Barack Obama issued an executive order to focus HIV prevention efforts on

improving outcomes at each step in the continuum, launching the U.S. HIV Care Continuum

Initiative.4 The continuum, or cascade, captures the sequential steps from HIV infection to

viral suppression, including diagnosis, linkage to care, retention in care, and antiretroviral

therapy (ART). Early national estimates of the proportion of persons living with HIV/AIDS

(PLWHA) who had reached each step in the continuum painted a bleak picture, with just

19-28% having achieved viral suppression.5-8 More recently, Centers for Disease Control

and Prevention (CDC) investigators estimated that 82% of all HIV-infected persons in the

U.S. have been diagnosed,9 and surveillance data from 19 U.S. states suggest that 43% of

HIV-diagnosed persons10 were virally suppressed in 2010 (i.e. 36% viral suppression among

all HIV-infected persons). Although these recent data are more encouraging that earlier

reports, they continue to portray an inadequate HIV prevention and care system in the U.S.,

with levels of viral suppression more than 40% lower than those observed in the U.K.11 and

France.12

The estimates for each step in the HIV care continuum are inherently uncertain. This is due

in large part to the need to derive estimates from a combination of disparate data sources,

each with important limitations.13 Published reports that appear asynchronous or use

different methodology add to this uncertainty. For example, the CDC estimates that

approximately 80% of persons with newly diagnosed HIV link to care within 3

months,9, 10, 14 but an analysis of Medicaid data suggested that only 21% of Medicaid

recipients link to HIV care within one year.15 A widely referenced report16 interprets data

from Massachusetts as demonstrating higher viral suppression than the national average, but

the 72% viral suppression estimate referenced in that report was among patients who

responded to a survey given to them by HIV providers,17 which by definition excluded

persons who were undiagnosed or out of care. Even when HIV continuum estimates are

derived with uniform methodology, profound differences on the local level10, 14, 18 raise

questions about the degree to which variation reflects true differences in the successful

provision of care versus heterogeneity in data quality.

We used multiple population-based data sources, including core and supplemental HIV/

AIDS surveillance, individual case investigation, jurisdiction-wide population-based chart

reviews, and local data from the CDC Medical Monitoring Project (MMP) and National

HIV Behavioral Surveillance (NHBS) to derive and validate estimates of the HIV care

continuum in King County, WA. Our findings suggest that the actual level of viral

suppression among PLWHA in at least one area of the U.S. substantially exceeds national
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estimates, is similar to that observed in Europe, and likely represents a level of treatment

success greater than that observed for other major chronic diseases in the U.S.

Methods

We sought to estimate viral suppression and each preceding step in the HIV care continuum

among PLWHA in King County, WA in 2011. King County includes the city of Seattle.

Data Sources

HIV Case and Laboratory Surveillance with Supplementary Case Investigation
—Procedures for HIV surveillance in King County are described in detail elsewhere.18, 19

Briefly, WA State implemented requirements that laboratories report all CD4 count and

plasma HIV RNA [viral load (VL)] results to the health department in 2006. In addition to

standard surveillance procedures,20, 21 our public health program staff investigates all CD4

and VL results reports that cannot be linked to a previously reported HIV/AIDS case. This

captures in-migration of persons diagnosed with HIV outside of King County. Since 2007,

we have investigated all HIV cases with no CD4 or VL results reported to the health

department for ≥12 months to ascertain which PLWHA continue to reside in King County

and the HIV care engagement status of persons for whom laboratories have reported no

results.19

Public Health – Seattle & King County (Public Health) routinely attempts to contact all

persons with newly diagnosed HIV infection in order to facilitate linkage to care and to

ensure testing of sex and needle sharing partners. Linkage to care is an explicit, recorded

outcome of these investigations and outreach efforts with persons diagnosed with HIV are

continued until patients link to care, refuse further contact with the health department or

Public Health determines that further linkage efforts would be futile. Health department staff

successfully contacted 79% of all persons reported as newly diagnosed with HIV in 2011. In

2011, we began routinely investigating all cases with no CD4 or VL results reported within

3 months after HIV diagnosis to distinguish persons who failed to link to HIV care from

those who completed an HIV medical visit but had no laboratory results reported to

surveillance or relocated.

Medical Monitoring Project (MMP)—Washington State is one of 23 areas that

participate in MMP, which is designed to gather nationally representative data about persons

receiving HIV care.20, 22, 23 In conjunction with HIV case and laboratory surveillance, MMP

is the primary data source that CDC uses to estimate retention in HIV care, ART

prescription, and viral suppression among PLWHA in the US.9 MMP methods include

facility-based sampling of persons who received HIV care in the first four months of a

calendar year. We used MMP data as one data source to estimate the proportions of persons

with HIV infection who were in care, prescribed ART, and virally suppressed (Table 1).

National HIV Behavioral Surveillance (NHBS)—We used NHBS data to estimate the

proportion of PLWHA who have been diagnosed. NHBS is a CDC-funded research study in

20 urban areas, including Seattle. NHBS data have been used to estimate the proportion of
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HIV-infected persons who are undiagnosed among populations at high risk for HIV

infection.24 NHBS methods include HIV testing of study participants. 25 26

Population-Based Chart Review—In order to generate additional local estimates of the

proportion of PLWHA who are in care, prescribed ART, and virally suppressed, we

conducted a chart review of cases randomly selected from all HIV cases recorded in the

electronic HIV/AIDS Reporting System (eHARS); this population included persons

diagnosed with HIV outside of King County. We attempted to review the medical record of

each selected case to ascertain dates of HIV medical visits and CD4 count and VL results.

The sampling frame for this effort was designed to be more inclusive than the MMP sample.

Table 1 provides details of the populations sampled, sampling methods, and completion

rates for each data source.

Definition and Calculation of Continuum Steps

Table 2 describes the calculations and associated data sources that we used to estimate each

step in the continuum. The metrics we used are consistent with those that CDC authors used

to estimate the national HIV care continuum.9, 10, 14 Our definition of the number of HIV-

diagnosed persons living in the jurisdiction includes persons who moved to King County

after HIV diagnosis elsewhere (in-migrants) and excludes cases determined through case

investigation to have moved away from King County (out-migrants), as described in detail

previously.18,19

As shown in Table 1 and Figure1, we estimated the total number of HIV-infected persons by

adjusting the number of HIV-diagnosed persons to include an undiagnosed fraction. CDC

recommends that local jurisdictional surveillance efforts begin the continuum with the

number of HIV-diagnosed persons in the area, but we estimated the undiagnosed fraction

both to facilitate comparison with national estimates and because it is essential to the

population-based framework of the continuum. We estimated the undiagnosed fraction by

applying estimates of the undiagnosed percentage in each subgroup defined by HIV

transmission risk factor to the number of HIV-infected persons in each subgroup. For men

who have sex with men (MSM), injection drug users (IDU), and MSM-IDU, we used Seattle

NHBS data on the proportion of HIV-infected persons who were unaware of their infection.

Because non-IDU heterosexuals account for a small minority of HIV-infected persons in

King County and the local NHBS estimates for this group are unstable, we used national

estimates by sex and race that CDC produced through a back-calculation method.27 For

persons with unknown risk factor, we assumed a distribution among risk groups equal to that

seen in the population with known risk factors and used national estimates for the

undiagnosed fraction among persons with “other” risk factors by sex and race. Race and

ethnicity are ascertained on the HIV case report or at the time of a partner services

interview.

We defined linkage to HIV care as a CD4 or VL test result reported to the health department

or case investigation confirming a completed medical appointment ≤90 days after HIV

diagnosis in 2011, excluding CD4 or VL test result ordered by Public Health at the time of

HIV diagnosis. We defined retention in care using two definitions:14 “in care” denotes
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persons who had ≥1 CD4 or VL report in the calendar year, and “retained in continuous

care” denotes the proportion with ≥2 CD4 or VL reports ≥90 days apart in a calendar year,

the DHHS consensus metric for retention.28

We used two methods to calculate point estimates of ART use among all PLWHA. First, we

defined the proportion of persons in the chart review sample who had an active prescription

for ART as of the final medical visit in 2010. Second, we adjusted the proportion of persons

prescribed ART in MMP by multiplying that proportion by the proportion of persons who

were in-care in 2010. We did this to account for the MMP sampling frame, which is

restricted to persons in care. To evaluate the robustness of our surveillance-derived point

estimates, we separately calculated point estimates for care engagement and viral

suppression using the population-based chart review and adjusted MMP data. Finally, we

compared our estimates for each step to two national estimates from the CDC.9, 10 This

analysis was exempt from Human Subjects review as a public health activity.

Results

HIV-Diagnosed

An estimated 6094 HIV-diagnosed persons were living in King County at the end of 2011.

This population includes 971 (16%) persons who moved to King County after HIV

diagnosis and excludes 1018 cases defined through case investigation as having left the area

(Figure 1). The majority (89%) were male. Most persons were non-Hispanic White (64%),

non-Hispanic Black (18%) or Hispanic (11%). The most common HIV transmission risk

category was MSM (68%), followed by MSM-IDU (8%), heterosexual (11%) and IDU

(5%). Including the estimated undiagnosed fraction of 15.7%, we estimated that 7,229 total

HIV-infected persons were living in King County at the end of 2011.

Continuum Estimates Derived from Surveillance and Supplementary Case Investigation

Figure 1 shows the flow chart for derivation of continuum steps from surveillance data with

supplemental case investigation. Of 275 persons newly diagnosed with HIV in 2011, 252

(92%) linked to care; 20 (8%) of these persons had no reported laboratory data in

surveillance reflecting the linkage appointment that was confirmed by case investigation.

Applying the 2011 linkage rate to the diagnosed population, we estimated that 5606 linked

to care (78% of all HIV-infected persons). In 2011, 5189 persons were in HIV care, 3956

persons were retained in continuous care, and 4088 had viral suppression. Thus, 85% of

HIV-diagnosed and 72% of HIV-infected persons were in care; 65% of HIV-diagnosed and

55% of HIV-infected persons were retained in continuous care; and 67% of HIV-diagnosed

and 57% of HIV-infected persons were virally suppressed. Among suppressed persons, 3753

(92%) had VL <50 copies/mL.

Comparison of Estimates Derived from Different Data Sources

Table 3 shows multi-source estimates for all steps in the continuum after linkage to HIV

care. The population-based chart review included 321 HIV cases; 55 were ineligible due to

relocation (N=52) or death (N=3) prior to the end of 2010. Of 266 eligible cases, we

completed medical records review for 227 (85%) cases. The remainder were incomplete
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because surveillance data did not include provider or facility data (N=13), the provider did

not allow public health staff to access to medical records for review (N=16), or logistical

difficulties prohibited surveillance staff from accessing records (N=10). CDC staff sampled

25 King County HIV medical care providers for MMP, of whom 13 (52%) agreed to

participation, 10 (40%) were ineligible, and 2 (8%) refused. Of the 314 cases identified for

MMP, chart reviews for 179 were completed (57%). Chart review and adjusted MMP data

yielded similar estimates for retention in care and ART use, and both were slightly higher

than surveillance-based estimates. However, estimates of viral suppression were similar

from all three data sources: 59% from both chart review and adjusted MMP, and 57% from

surveillance.

HIV Care Continuum in King County Compared to National Estimates

The estimates of the proportion of persons who reached each step in the HIV care continuum

in King County in 2011 were higher than national estimates for 2009, which used MMP

data, and for 2010, which used surveillance data from 19 jurisdictions (Figure 2).

Discussion

We found that approximately 57% of all HIV-infected persons in King County, or 67% of

HIV-diagnosed persons, were virally suppressed in 2011. The estimates we derived using

different data sources yielded nearly identical results, suggesting that our findings are indeed

accurate and our surveillance-derived estimates are valid. This estimate of population-level

viral suppression is more than twice the U.S. national estimate, higher than estimates for

British Columbia (35% of all HIV-infected persons),29 four other large U.S. cities (21-44%

of HIV-infected persons),30 and all 19 jurisdictions included in a recent CDC report

(14-56% of HIV-diagnosed persons).14 The level of viral suppression in King County is

comparable to estimates from the U.K., France (53 and 52% of HIV-infected persons,

respectively), and data from at least one U.S. state (61% of HIV-diagnosed persons in

Minnesota).31 Although further improvements in the continuum are critical, our findings

demonstrate that systems of HIV prevention and care in the U.S. are not universally failing.

They also raise questions about the accuracy of existing national surveillance-based

estimates of the HIV care continuum.

The marked difference between the level of viral suppression we observed compared to

national estimates suggests a bifurcation either in the quality of HIV care, the quality of data

used to estimate viral suppression in the U.S., or some combination of the two. Most

estimates of the HIV care continuum based on laboratory surveillance data assume that

missing data indicates non-retention in care. Failure to account for other causes of missing

data, such as incomplete laboratory reporting, out-migration, and HIV care provision in

settings exempt from reporting requirements (e.g. research settings) leads to

misclassification of persons missing data and inflates the number of persons who appear to

be out of care and viremic.18, 19, 32 Differences between local calculations and published

national estimates of the same areas indicate that existing national estimates are likely too

pessimistic and do not yet reflect rapid improvements in local surveillance data over the past

few years. For example, the recent 19 jurisdiction CDC report indicated that 36% of HIV-
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diagnosed persons (N=2243) in Minnesota were virally suppressed in 2010, but Minnesota

Department of Health reported that 61% (N=4394) were virally suppressed in 2012. The

most recent update on the National HIV/AIDS Strategy from the Office of National AIDS

Policy specifically noted that state and local level surveillance data can be used to augment

national surveillance data for closer to ‘real-time’ monitoring of progress toward achieving

the goals of the Strategy.33

Our results also suggest that virologic suppression probably is truly higher in King County

than in some other parts of the U.S. Corroborating this, a previous study comparing

engagement in HIV care in five U.S. states found that engagement was highest in

Washington State34and in a recent eight-center study,35 viral suppression among patients at

the largest HIV Clinic in Seattle was among the two highest. Washington State and King

County devote substantial non-federal resources to HIV care and prevention and, although

not all WA residents have health insurance, virtually all PLWHA in King County can access

HIV medical care, including ART, as a result of funding through the Ryan White program

and other sources. Our findings demonstrate that efforts to ensure that PLWHA have access

to medical care and ART have, in at least some instances, been quite successful. They also

highlight the fact that increased availability of health insurance under healthcare reform may

not inevitably lead to further improvements in HIV care.

It is worth noting that our results suggest that current HIV treatment efforts in Seattle and

surrounding areas have achieved a level of success higher than that observed for other

treatable chronic health conditions in the U.S. Data from the U.S. National Health and

Nutrition Survey (NHANES) suggest that, among adults age less than 65, 55% of persons

diagnosed with diabetes mellitus, 47% of persons diagnosed with hypertension, and only

37% of persons diagnosed with elevated serum cholesterol have achieved the goals of

clinical care.36, 37 In King County, an estimated 53% of persons with hypertension achieved

blood pressure control in 2009 – a level higher than the national average, but still lower than

our estimate of virologic control among PLWHA in King County.38 Indeed, the relative

success of HIV care, at least in our area but likely also in others, could be a source of lessons

for improving the treatment of other chronic diseases.

Our study has important strengths and limitations. Its primary strengths are that it was

population-based (i.e., it was not restricted to a subset of PLWHA) and that we surmounted

many of the limitations of using HIV surveillance data with individual case investigation,

and validation with a population-based chart review and ancillary surveillance data sources.

Nonetheless, substantial uncertainty still underlies some of our estimates, particularly the

estimate of the undiagnosed fraction. Reliance on NHBS data could lead to overestimates of

the undiagnosed fraction because NHBS methods rely on subjects to honestly disclose

whether they have had a previous HIV diagnosis. Furthermore, our assumption that the

distribution of HIV risk factors among the population with unknown risk factors was the

same as that in the population with known risk factors could have affected our estimate of

the undiagnosed fraction. Improved methods for estimating undiagnosed the undiagnosed

fraction are critical for generating accurate estimates of the HIV care continuum at the local

level. Recent results from a mathematical model of the undiagnosed fraction of HIV in

MSM in King County39 suggest that we have overestimated the undiagnosed fraction in this
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analysis, meaning that we have underestimated the true proportion of PLWHA who are

virally suppressed and preceding steps in the continuum. Similarly, our surveillance team's

criteria for defining a case as having out-migrated is conservative and may have led to

underestimation of retention in care and viral suppression.

In summary, we found that the majority of HIV-infected persons in King County have

achieved viral suppression and our surveillance-based estimates of viral suppression are

valid. Our findings demonstrate that the U.S. medical and public health system is not

universally failing persons with HIV, suggest that national estimates of the HIV care

continuum may be substantially too pessimistic and highlight the need to improve HIV

surveillance data at the local, state and national level.
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Figure 1.
HIV diagnosis, linkage to care, and retention in care in King County, 2011. Shaded boxes

denote numbers used for HIV care continuum estimates shown in Table 3 and Figure 2.
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Figure 2.
Comparison of the HIV care continuum in King County, 2011, and the United States, 2009

and 2010.
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Table 2
HIV Care Continuum Metric Definitions and Associated Data Sources

Metric Definition Numerator Data Sources

HIV infected All persons with HIV
infection

Not applicable a • Seattle data from National HIV
Behavioral Surveillance (percent
undiagnosed)

• HIV case surveillance

HIV diagnosed Persons aware of their
HIV infection

Number of persons diagnosed with HIV
(in or out of King County) who were
residing in King County as of
12/31/2011

• HIV case surveillance including
investigations of persons for
whom no laboratory data were
reported to HIV surveillance

Linked to care Persons who completed
an HIV medical visit
within 90 days after
HIV diagnosis

Number of persons who had a CD4
count or viral load test result reported to
HIV surveillanceb OR had a confirmed
care visit with an HIV medical provider
≤ 90 days after HIV diagnosis, among
persons diagnosed in 2011

• HIV case and laboratory
surveillance

• Individual case investigation

In care Persons who had ≥ 1
HIV medical visit in
2011

Number of persons with ≥ 1 CD4 or VL
report in 2011

• HIV case and laboratory
surveillance

• Population-based chart review

• Adjusted King County data from
the Medical Monitoring Project

Retained in
continuous care

Persons who had ≥2
CD4 or VL reports ≥ 90
days apart in 2011

Number of persons with ≥2 CD4 or VL
reports ≥ 90 days apart in 2011

• HIV case and laboratory
surveillance

Prescribed ART Persons with an active
ART prescription

Number of persons prescribed ART at
the time of the last HIV medical visit in
2011

• Population-based chart review

• Adjusted King County data from
the Medical Monitoring Project

Virally suppressed Persons with a viral
load <200 copies/mL

Number of persons with a viral load of
<200 copies/mL at last test in 2011

• HIV case and laboratory
surveillance

• Population-based chart review

• Adjusted King County data from
the Medical Monitoring Project

a
The estimated number of HIV infected persons served as the denominator for all steps in the HIV care continuum.

b
Excludes results from laboratory tests ordered by PHSKC staff as part of a program designed to increase linkage to care
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Table 3
Comparative Estimates of HIV Continuum Steps Derived from Different Data Sources

Population-Based Chart Review
(N=227)

Unadjusted and
AdjustedMedical

Monitoring Project
(N=179)

HIV Case & Laboratory
Surveillance with Supplemental

Case Investigation (N=6094)

Reference population HIV-diagnosed persons (N=6094) Persons in HIV care
(N=5189)

HIV-diagnosed persons (N=6094)

Percent of persons achieving each step of the continuum within reference population

In HIV care (%) 89 100 85

Retained in continuous care
(%)

79 94 65

Taking ART (%) 76 91 NA

Viral suppression (%) 70 82 67

Number of persons achieving each step in the care continuum, with population standardized across data sources

Estimated number of persons
in HIV care in reference
population

5424(0.89 × 6094) 5189(1.00 × 5189) 5189

Estimated number of persons
retained in continuous care in
reference population

4814(0.79 × 6094) 4721(0.94 × 5189) 3956

Estimated number of persons
on ART in reference
population

4631(0.76 × 6094) 4721(0.91 × 5189) NA

Estimated number of persons
with viral suppression in
reference population

4266(0.70 × 6094) 4255(0.82 × 5189) 4088

Size of total HIV-infected
population, including
undiagnosed fraction

7229 7229 7229

Percent of persons achieving each step in the care continuum, with population standardized across data sources

Estimated % in HIV care 75 NA 72

Estimated % retained in
continuous care

67 65 55

Estimated % prescribed ART
in total population

64 65 NA

Estimated % virally
suppression in total population

59 59 57
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