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Abstract

The Medical Monitoring Project (MMP) is an HIV surveillance system that provides national

estimates of HIV-related behaviors and clinical outcomes. When first implemented, MMP

excluded persons living with HIV not receiving HIV care. This analysis will describe new

case-surveillance-based methods to identify and recruit persons living with HIV who are out

of care and at elevated risk for mortality and ongoing HIV transmission. Stratified random

samples of all persons living with HIV were selected from the National HIV Surveillance Sys-

tem in five public health jurisdictions from 2012–2014. Sampled persons were located and

contacted through seven different data sources and five methods of contact to collect inter-

views and medical record abstractions. Data were weighted for non-response and case

reporting delay. The modified sampling methodology yielded 1159 interviews (adjusted

response rate, 44.5%) and matching medical record abstractions for 1087 (93.8%). Of per-

sons with both interview and medical record data, 264 (24.3%) would not have been included

using prior MMP methods. Significant predictors were identified for successful contact (e.g.,

retention in care, adjusted Odds Ratio [aOR] 5.02; 95% Confidence Interval [CI] 1.98–12.73),

interview (e.g. moving out of jurisdiction, aOR 0.24; 95% CI: 0.12–0.46) and case reporting

delay (e.g. rural residence, aOR 3.18; 95% CI: 2.09–4.85). Case-surveillance-based sam-

pling resulted in a comparable response rate to existing MMP methods while providing infor-

mation on an important new population. These methods have since been adopted by the

nationally representative MMP surveillance system, offering a model for public health pro-

gram, research and surveillance endeavors seeking inclusion of all persons living with HIV.
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Introduction

The National HIV Surveillance System (NHSS) collects surveillance data on HIV infection in the

United States. The Centers for Disease Control and Prevention’s (CDC’s) Medical Monitoring

Project (MMP) provides complementary information about clinical outcomes of HIV infection;

behaviors of persons living with HIV with respect to care seeking and care utilization, which affect

prevention of HIV-related morbidity; and ongoing risk behaviors, which affect further transmis-

sion of HIV. MMP provides important national HIV prevention indicators such as the proportion

of persons living with HIV in care who are prescribed antiretroviral therapy (ART).[1, 2]

When MMP was first proposed in 2004, HIV case reporting was not yet mandatory in all

states; comprehensive rosters of persons diagnosed with HIV from which a sample could be

drawn did not exist. Although early proponents of MMP preferred a system that sampled from

among all HIV-diagnosed persons [3], it was not yet feasible to generate such a nationally rep-

resentative sample using NHSS. However, it was possible to generate lists of HIV facilities and

HIV patients being seen in each of those facilities, so a facility-based sampling method was

employed for MMP [4]. In relying on HIV care providers for a list of potential participants,

MMP necessarily excluded those who did not regularly visit HIV care providers. Those not

regularly receiving HIV care are more likely to have detectable HIV virus in their bloodstream

[5, 6], face higher mortality [7–9] and carry greater risk of transmitting HIV [10] than their in-

care counterparts. Numerous studies have pointed out the limitations of existing data systems

for guiding prevention among those not receiving HIV care [11, 12], and in its 2012 report

assessing the adequacy of HIV-related data collection systems for providing data to guide HIV

prevention, the Institute of Medicine specifically recommended that MMP broaden its target

population to include persons not receiving HIV care.[13]

As of April 2008, all 50 states, the District of Columbia, and 6 dependent areas had fully

implemented confidential name-based HIV surveillance and submit de-identified data on per-

sons living with HIV to CDC. In this manuscript, we describe the Case-Surveillance-Based Sam-

pling (CSBS) demonstration project, a robust multi-site pilot of an alternative sampling strategy

for MMP in which persons were sampled from NHSS to determine the feasibility of using NHSS

to include the population not receiving HIV care. We discuss the development of methods that

make representative data collection on the population not receiving HIV care newly feasible. We

present data on response rates for this pilot system, identify independent predictors of non-

response, and describe methods of adjustment for non-response. Finally, we discuss the recently

launched national implementation of CSBS sampling methods for MMP, and the implications

of these methods for other public health program, research, and surveillance efforts.

Materials and methods

2.1 Ethics Statement

CSBS, as a public health surveillance activity, was determined not to be research in accordance

with the federal human subjects protection regulations at 45 Code of Federal Regulations

46.101c and 46.102d and CDC’s Guidelines for Defining Public Health Research and Public

Health Non-Research. Participating states or municipalities and facilities obtained local Insti-

tutional Review Board (IRB) approval to conduct CSBS when locally required.

2.2 Project area selection

All MMP project areas were eligible to apply for participation in the CSBS demonstration proj-

ect[14]. Five project areas were selected by an objective external review panel; the selected

areas were Los Angeles County (LAC), Mississippi (MS), New York City (NYC), San Francisco

HIV surveillance including those not in care
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(SFO), and Washington State (WA). Diversity criteria were taken into account in an effort to

make the results of the demonstration project relevant to all MMP jurisdictions and to ensure that

challenges to successful recruitment would be included and evaluated. For example, one of the

project areas did not have mandatory CD4+ T-lymphocyte cell count and viral load reporting at

the time of application (MS); one of the areas required review by an Institutional Review Board

(LAC); one of the areas had achieved below the mean MMP response rate in the most recent

MMP data collection cycle (NYC); and two of the areas were geographically medium or large

states (WA and MS). Funded project areas collected data concurrently for CSBS and MMP.

2.3 Eligibility & sampling for CSBS

To maximize ease of recruitment and relevancy of the public health data, we selected represen-

tative samples of all living adults with HIV according to their most recently reported address

as reported through NHSS [15, 16]. Samples were drawn using SAS Versions 9.2 and 9.3 (SAS

Institute, Cary, NC). Inclusion and exclusion criteria were assessed using only case surveillance

data and with reference to a specific sampling date. This date was chosen based on the date of

export of the case surveillance data used for sampling. We included potential participants who

1.) were aged 18 years and older, 2.) were presumed living, 3.) had been reported to CDC as a

case of HIV[17] [18] and 4.) whose most recently reported residence fell within a CSBS project

area. Residence was determined at the level of the public health jurisdiction; full address is not

transmitted to CDC. Most recently reported residence was determined after consideration of

all residence information reported through case surveillance including residence at HIV diag-

nosis, residence at AIDS diagnosis, and residence at the time of laboratory specimen collection

or care visit, if available. The most recent available case surveillance data sets were used. The

2012 samples were drawn using local case surveillance data exported in September, 2012. At

that time, the national NHSS analytic dataset retained only selected addresses rather than all

reported addresses, and there was no calculated most recent address variable. For the 2013 and

2014 samples, we used national case surveillance data transmitted to CDC. De-duplication is a

process by which potential duplicate cases in the national data are identified based on a

matched combination of three variables including last name soundex (an alphanumeric code

representing a person’s last name), date of birth, and sex at birth, but have not been confirmed

as same or different by reporting jurisdictions. Case information is then sent to the jurisdic-

tions from which they were reported, and after investigation the jurisdictions report back to

CDC whether the reported cases represent the same, or different persons. These data had the

advantage over the 2012 samples of combining data from all NHSS jurisdictions and having

undergone national de-duplication. Persons who were recently diagnosed were oversampled.

Those diagnosed in the past year, from 1–4 years ago, and five or more years ago made up 3%,

15% and 81% of the population, respectively. However, these subpopulations were sampled so

as to make up 10%, 40%, and 50% of the sample, respectively.

We sampled between 200 and 300 persons per project area per year. The total sample size

was 800 persons in 2012, 1000 persons in 2013, and 1010 persons in 2014 for a total of 2810

persons. Sample sizes were based on funding constraints; however, assuming a response rate

of 33% and a design effect of 2, for estimates of proportion these sample sizes were expected to

result in confidence interval half-widths of no greater than 0.051 for the total annual set of

respondents and 0.090 for subgroup analyses involving 33% of the respondents.

2.4 Location and recruitment

Methods for locating sampled persons were tailored according to local data sources and regu-

lations.[19] Participating health department staff linked sampled persons to additional health

HIV surveillance including those not in care
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department and commercial databases using personal identifiers such as name and date of

birth contained in local case surveillance records; personal identifiers were not transmitted to

CDC for NHSS or CSBS.

A flow diagram depicting typical recruitment procedures is included as Fig 1. CSBS project

area staff generally began by attempting to identify a current HIV care provider through HIV-

related laboratory reports to local case surveillance. If a provider was identified, then a letter

was sent to the provider’s office informing him/her that a patient had been sampled for CSBS

and providing an opportunity for the provider to voice any concerns about the specific patient

being recruited to participate in CSBS. If no concerns, a letter of recruitment was sent by CSBS

staff to the patient offering participation in a health survey without mention of HIV. Addi-

tional data sources were sequentially queried for addresses and phone numbers; the order in

which data sources were used depended on the trade-off between accessibility of the data ver-

sus the expected benefit. HIV care providers were often asked to share current contact infor-

mation as another potential data source if regulations allowed. As contact information was

obtained, CSBS used standardized recruitment scripts to reach out to sampled persons using

telephone calls, text messages, letters, and home visits, again in approximate order of decreas-

ing utility and increasing resource intensity. Efforts were also made to meet the sampled per-

son at upcoming public health clinic appointments prior to discontinuing attempts to locate

the sampled person. In recognition of the fact that data sources are updated and availability via

a given contact method may vary, staff repeatedly queried available data sources and re-con-

tacted persons as additional contact information became available.

Interviewers verified eligibility of contacted persons according to age and HIV status, and

noted sampled persons ineligible due to death as determined through lead sources (Fig 1). Per-

sons who self-reported not residing in the project area on the date of recruitment were

excluded in 2012 and considered ineligible. However, in the 2013 and 2014 data collection

cycles, these persons were included as eligible after new procedures were implemented in con-

sultation with the HIV subcommittee of the Council of State and Territorial Epidemiologists

Fig 1. Example recruitment process for Case-Surveillance-Based Sampling demonstration project.

https://doi.org/10.1371/journal.pone.0219996.g001
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and all US HIV surveillance coordinators to remotely collect data on these persons—consid-

ered newly eligible—when agreed upon in writing by the jurisdiction of current residence.

2.5 Data collection

Data were collected via face-to-face or telephone interviews and medical record abstraction

(MRA) from November 2012 to May 2013, August 2013 to June 2014, and July 2014 to April

2015 for the 2012, 2013, and 2014 data collection cycles, respectively. Data collection methods

were similar to those previously described for MMP[14] except for the following changes.

MRAs were performed at the outpatient HIV care facility that the participant reported visiting

most often in the year prior to the last care visit. If the sampled person could not be inter-

viewed, did not identify a care facility, or denied a history of receiving HIV care, available case

surveillance and electronic medical records were reviewed for evidence of HIV care. If present,

medical records were abstracted under the state’s public health surveillance authority from the

facility in which the sampled person most often received care. Interview and MRA data were

collected with reference to a twelve-month surveillance period preceding the interview date if

interviewed or the date of first contact attempt if not interviewed. Selected data elements were

exported on all sampled persons from the national HIV case surveillance dataset compiled

from data transmitted to CDC one year after the sampling date.

2.6 Security and confidentiality procedures

CSBS data were subject to the same security and confidentiality requirements as used for HIV

case surveillance data at state and local project areas, as well as at CDC. These requirements

included adherence to CDC’s Data Security and Confidentiality Guidelines for HIV, Viral

Hepatitis, Sexually Transmitted Disease, and Tuberculosis Programs [20]. CSBS interview and

MRA data records transmitted to CDC did not contain specific participant identifiers (e.g.,

name, address, social security number) and were linkable to case surveillance data only

through the case surveillance coded identifier. When attempts were made to contact sampled

persons, the identities of responding persons were verified prior to discussion of HIV by con-

firmation of at least two pieces of personal information obtained from case surveillance, e.g.,

date of birth and former address.

2.7 Analytical cohort

The analytical cohort used for CSBS analyses and weighting was defined as those persons who

provided complete demographic interview data, whether or not the interview was complete.

MRA data, when present, and associated NHSS data were contained in linked relational tables.

Data quality problems resulted in the exclusion of all Mississippi data. All descriptive and ana-

lytic statistics were computed using SAS, Version 9.3.

2.8 Recruitment outcome definitions

CSBS recruiters systematically tracked data sources queried and recruitment outcomes in a

dedicated database. Sampled persons were considered to have been located if any of three situ-

ations applied: 1.) the sampled person was successfully contacted by the interviewer; 2.) a

highly reliable data source, i.e., either a statement from a knowledgeable third party such as a

relative or health department worker, or documentation in medical, correctional, or vital rec-

ords, indicated the person resided outside of the project area at the time of recruitment in a

jurisdiction where data collection was not permitted; 3.) two or more reliable data sources,

e.g., HIV laboratory surveillance reports and people search engines such as Accurint

HIV surveillance including those not in care
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(LexisNexis, Dayton, OH) and Spokeo (Google, Mountain View, CA), indicated the same resi-

dence in the same location outside of the project area at the time of recruitment in a jurisdic-

tion where data collection was not permitted.

Adjusted participant response rates were calculated using American Association for Public

Opinion Research formula RR3 accounting for participants of unknown eligibility as follows:

Response Rate

¼
#Respondents

#Respondents þ eligible nonrespondentsþ ðeÞðpersons of unknown eligibility statusÞ
½1�

where e was the proportion eligible among those of known eligibility status [21]. Facility-based

MMP response rates, included for comparison to CSBS, were computed as the product of the

adjusted participant response rate as defined above and the facility response rate. Recruiters

systematically recorded reactions of sampled persons to recruitment attempts on a five-point

scale from strongly negative to strongly positive (2013) as well as adverse events, defined as

events reported to or observed by any study staff leading to substantial psychological, social, or

physical harm to a participant that resulted from his or her participation in the study. Partici-

pants were compensated approximately $40 in cash or the equivalent for participation; com-

pensation amounts differed slightly between project areas but were consistent between CSBS

and traditional MMP projects conducted in the same project area.

2.9 HIV care history definitions

For analytical purposes, persons who self-reported never having received HIV care and who

had no MRA evidence of HIV care were classified as never having received HIV care. Inter-

viewed persons were considered to be receiving sufficient care to be included in facility-based

MMP if they made at least one visit to an HIV care provider in the first four months of the sur-

veillance period as recorded by MRA [4], regardless of self-reported care history[14, 22]. The

MMP 4-month population definition period is based on analyses showing that 88% of patients

seen in 2003 were seen within the first 4 months of the year [23]. HIV care received by sampled

persons was also classified according to the Health Resources and Services Administration

(HRSA) performance measure for medical visits, i.e., those whose medical records showed at

least two visits with an HIV care provider in the last 12 months that were at least 90 days apart

were considered to be in continuous care [24]. We defined an HIV care provider as a person

who was licensed to prescribe HIV antiretroviral therapy. The HIV care history for persons

who self-reported having received HIV care but had no associated MRA was classified as

unknown. All interviewed persons who self-reported having not seen an HIV outpatient care

provider in the past six months were offered assistance with engagement in HIV care, typically

by referral to existing HIV public health programs.

2.10 Methods for evaluation and minimization of bias

We calculated analytical weights to account for five primary issues: 1.) unequal selection prob-

abilities resulting from stratified random sampling, 2.) over-inclusion of persons on the sam-

pling frame due to incorrect data, e.g., incorrect vital status, HIV status, or age on the

sampling date 3.) non-response bias, 4.) under-inclusion of persons on the sampling frame

due to HIV case reporting delay, and 5.) inflation of variance estimates due to extreme weights.

We weighted data from each project area and year separately due to the possibility that factors

predicting non-response could vary. To illustrate typical associations, we describe predictors

of non-response and case-reporting delay using models based on 2014 data for Washington

State as an example (Table 1). Tables describing the variables included in final models for

HIV surveillance including those not in care
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other project areas and other data years are presented as supplementary tables (S1, S2 and S3

Tables). Predictors were categorical, ordinal, or continuous. For categorical variables with

multiple levels such as race, we used dichotomous indicator variables, which allowed multi-

level categories to be reduced to fewer categories during model selection.

We first calculated design weights for all sampled persons within time-since diagnosis strata

as the inverse of the probability of selection. Second, we removed from the analytical dataset

persons deemed ineligible in the course of attempted recruitment. By removing ineligible per-

sons from the dataset following design weighting, we in effect corrected the sampling frame

for ineligible persons who were mistakenly placed on the sampling frame. To maintain consis-

tency in the population of inference, residency out of jurisdiction did not make persons ineligi-

ble for weighting purposes in any year, i.e., all out-of-jurisdiction sampled residents in 2012

were eligible non-responders for weighting purposes.

The first form of non-response that we considered was failure to contact the sampled per-

son. We considered 13 potential predictors of successful contact as described in Table 1. With

the exception of residence outside the jurisdiction of sampling, which was collected by the

recruiter, all predictor data were obtained from NHSS. We examined the associations of pre-

dictors with non-response using chi-square tests,odds ratios, and area under the curve (AUC

or c-statistic); AUC was calculated using logistic regression for the bivariate relationship

between predictors and an indicator variable for successful contact. As an initial screen, we

retained only those predictors whose association with contact was significant at p<0.10 for at

least one project area. Next we defined a multivariable logistic regression model by serially

eliminating predictors from the model with the lowest AUC until the model converged and

parameter estimates were stable. We used this final model to break the sample into five quin-

tiles of propensity for contact, and we adjusted the design weight among contacted persons

according to the actual proportion contacted within each quintile.

We then adjusted for a second form of non-response, failure to obtain an interview from

successfully contacted persons. We used the same model selection procedure, except using

completed interview as the outcome rather than contact. We adjusted the weights calculated

above among contacted respondents according to the actual proportion responding within

each quintile of propensity for interview.

Our adjustment for case reporting delay rested on the observation that current NHSS

reporting delays rarely exceed one year. We used case surveillance data transmitted one year

after the sampling date to construct a corrected frame using the same inclusion criteria as for

the initial frame. To be consistent with sampling methods, in 2012 local case surveillance data

were used, and in 2013 and 2014 national data were used. We used this new frame to post-

stratify the data, updating the original sampling frame. These strata were defined in a manner

analogous to that used for non-response adjustment, except we chose different candidate pre-

dictor variables (Example from Washington State shown in Table 2) such as date of diagnosis

and urbanicity based on the variables used in calculation of NHSS reporting delay weights

[25]. To be precise, this form of adjustment for case reporting delay also adjusts for other types

of updates to the NHSS system affecting eligibility. The list of eligible people constructed from

more mature data may differ from the original list due to both additions and subtractions as a

different set of persons are considered to have met all four eligibility criteria as of the sampling

date.

In order to prevent undue variance inflation resulting from the weighting procedures, we

capped weights at a value equal to the median plus three times the interquartile range.[26, 27]

Then we re-scaled weights so that totals would be consistent with the corrected sampling

frame.
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Results

3.1 Recruitment outcomes

Of 2810 persons sampled in 4 project areas in the 2012, 2013, and 2014 data collection cycles,

1812 (64.5%) were successfully located either in jurisdiction or out of jurisdiction (Fig 2). Of

Table 2. Bivariate and multivariate associations between potential predictors and HIV case reporting delay using pooled data from Washington State, Case-Surveil-

lance-Based Sampling demonstration project 2014.

Categorical Predictor Levels Delayed, n

(%)

Not Delayed, n

(%)

Bivariate Model,

OR (95% CI)2
p-

value3
C

Statistic

Multivariate Model,

aOR (95% CI)

AIDS History: AIDS Diagnosed After

HIV

No 86 (1.2%) 7208 (98.8%) REF < .01 0.61 REF

Yes 15 (0.3%) 4341 (99.7%) 0.29 (0.17–0.50) 0.55 (0.30–1.01)

AIDS History: AIDS Diagnosed

Concurrent with HIV

No 87 (0.9%) 9258 (99.1%) REF 0.13 0.53 REF

Yes 14 (0.6%) 2291 (99.4%) 0.65 (0.37–1.15) 0.52 (0.28–0.97)

Facility of HIV Diagnosis: Inpatient No 95 (0.9%) 10667 (99.1%) REF 0.52 0.51 REF

Yes 6 (0.7%) 882 (99.3%) 0.76 (0.33–1.75) 0.82 (0.34–2.00)

Facility of HIV Diagnosis: Other No 70 (0.7%) 9693 (99.3%) REF 0.57 <0.0001 REF

Yes 31 (1.6%) 1856 (98.4%) 2.33 (1.52–3.57) 1.37 (0.87–2.17)

Facility of HIV Diagnosis: Missing No 95(1.0%) 9699 (99.0%) REF 0.01 0.55 REF

Yes 6 (0.3%) 1850 (99.7%) 0.33 (0.14–0.76) 2.40 (0.96–6.02)

Race/Ethnicity: Hispanic No 88 (0.9%) 10035 (99.1%) REF 0.94 N/A4 Not included

Yes 13 (0.9%) 1514 (99.2%) 0.98 (0.55–1.75)

Race/Ethnicity: Non-Hispanic Black No 83 (0.8%) 9781 (99.2%) REF 0.49 0.51 REF

Yes 18 (1.0%) 1768 (99.0%) 1.20 (0.72–2.00) 1.30 (0.76–2.24)

Race/Ethnicity: Non-Hispanic White No 35 (0.8%) 4133 (99.2%) REF 0.81 N/A4 Not included

Yes 66 (0.9%) 7416 (99.1%) 1.05 (0.69–1.59)

Race/Ethnicity: Other Non-White,

Non-Black, Non-Hispanic Race

No 97 (0.8%) 10698 (99.2%) REF 0.81 N/A4 REF

Yes 4 (0.5%) 851 (99.5%) 0.52 (0.19–1.41) 0.19 0.52 0.45 (0.16–1.24)

Sex Male 93 (0.9) 9918 (991) 1.91 (0.93–3.94) 0.07 0.53 1.30 (0.76–2.24)

Female 8 (0.5) 1631 (99.5) REF REF

Transmission risk MSM5 70 (0.9) 8161 (99.2) 2.02 (1.01–4.06) 0.04 0.55 1.53 (0.72–3.23)

Other Identified

Risk

9 (0.4) 2123 (99.6) REF REF

Urban Setting of HIV Diagnosis Population < 2.5

Million

64 (1.4) 4436 (98.6) 2.77 (1.85–4.16) < .01 0.63 3.18 (2.09–4.85)

Population� 2.5

Million

37 (0.5) 7113 (99.5) REF REF

Continuous Predictor Units Delayed,

mean (SD)

Not Delayed,

mean (SD)

Bivariate Model,

OR (95% CI)2
p-

value6
C

Statistic

Multivariate Model,

aOR (95% CI)

Age at HIV diagnosis Years 39.6 (11.3) 34.7 (10.0) 1.05 (1.03–1.06) < .01 0.63 1.03 (1.01–1.05)

HIV Diagnosis Date Years7 50.0 (6.7) 41.4 (7.4) 1.33 (1.26–1.41) < .01 0.86 1.00 (1.00–1.00)

1 Cases with delayed reporting were those present on a list of HIV cases generated using a newer version of the case surveillance dataset, but not on a list based on a

version one year older.
2 Confidence intervals that exclude the null value, indicating statistical significance, are shown in bold.
3 P-value for chi-squared test of general association, values�0.05 are shown in bold.
4 Selection probabilities for the different levels of this variable are too similar so a c-statistic is not calculated, i.e., variable has very poor discrimination.
5 Men who have sex with men
6 P-value for test of hypothesis that row means scores do not differ, values�0.05 are shown in bold.
7HIV diagnosis date is expressed as years since January 1, 1960. A mean date of 50.0 years corresponds to December 31, 2009, and a mean date of 41.4 corresponds to

May 26, 2001.

https://doi.org/10.1371/journal.pone.0219996.t002
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those, 1534 (84.7%) were known to reside in the project area in which they were sampled at

the time of recruitment. Of these located in jurisdiction, 1421 eligible persons (92.3%) were

contacted while 13 were ineligible—3 (0.2%), due to not being infected with HIV, and 10

(0.7%), due to residing outside of the country on the sampling date. Of contacted persons,

1110 (78.1%) were interviewed, and 283 (19.9%) refused. All persons residing out of jurisdic-

tion were ineligible in 2012. In 2013 and 2014, 49 persons living in 13 states out of the jurisdic-

tion of sampling were interviewed under newly developed procedures, making up 5.5% of

persons interviewed in those years and contributing to the total of 1159 persons interviewed in

all three years. Of 631 sampled persons in 2013 for whom recruiter assessments are available,

72 (11.4%) had a positive or strongly positive reaction to being recruited for CSBS, 518

(82.1%) had a neutral reaction to recruitment, and 41 (6.5%) had a negative or strongly nega-

tive reaction to recruitment; these data were not collected in 2014. Two contacted persons

with a verified positive HIV diagnosis reported being unaware of that diagnosis and were

linked to HIV care. No adverse events were reported.

Fig 2. Search and interview recruitment outcomes for sampled persons, Case-Surveillance-Based Sampling demonstration project, 2012–2014.

https://doi.org/10.1371/journal.pone.0219996.g002
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The adjusted interview response rate among eligible persons was 43.3%, 46.0%, and 43.7%

in 2012, 2013, and 2014 respectively. Compared to response rates in MMP using facility-based

sampling, response rates for CSBS were 8.7%, 5.0%, and 4.4% lower in 2012, 2013, and 2014,

respectively (Fig 3). When CSBS data from the three years were combined, the adjusted inter-

view response rate was 44.5%. Among all 1159 interviewed persons, 514 (44.4%) were inter-

viewed by telephone, 216 (18.6%) were interviewed in health department offices, 156 (13.5%)

were interviewed in an outpatient health facility, and 183 (15.8%) were interviewed in private

homes.

In the combined years, the adjusted interview response rates by project area were 41.1% in

Los Angeles, 41.8% in New York City, 42.6% in San Francisco, and 50.4% in Washington

State. Of 1159 interviewees, 1146 persons (98.9%) self-reported a history of receiving HIV

care, and project areas completed a matching MRA for 1087 (93.8%).

3.2 HIV care history

In the combined years, 80 out of 1133 (7.1%) interview respondents who provided information

on HIV outpatient care self-reported not receiving care in the six months prior to interview

and were offered linkage to care or re-engagement services through the CSBS project. Based

on MRA, 54 participants (5.0%) had had no clinical visits in the past 12 months of whom 2

reported having never been in care at all (0.2%). In unweighted analysis, 264 (24.3%) CSBS

respondents received insufficient care to be included in facility-based MMP surveillance

(Table 3). By the HRSA performance measure, 202 (18.6% percent of all respondents) were

not retained in care.

3.3 Evaluation and minimization of bias

Recruitment success depended on many characteristics of the sampled persons; 2014 data

from Washington State are presented for example in Table 1. Weighting-related data are not

Fig 3. Comparison of adjusted interview response rates by data collection year in the facility-based Medical Monitoring

Project (MMP) and the Case-Surveillance-Based Sampling (CSBS) demonstration project.

https://doi.org/10.1371/journal.pone.0219996.g003
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combined across project areas and years, because each project area was weighted indepen-

dently each year. In 2014 Washington State, being in care was independently associated with

success in contacting the sampled person (adjusted Odds Ratio [aOR] 5.02; 95% Confidence

Interval [CI]: 1.98–12.73). Those known to reside outside the project area of sampling were

also substantially less likely to be contacted than those residing inside the project area of sam-

pling (aOR 0.08; 95% CI: 0.04–0.19). In bivariate analyses, Hispanic sampled persons were sig-

nificantly less likely to be contacted than non-Hispanic sampled persons (Odds Ratio [OR]

0.47: 95% CI: 0.03–0.15) and non-Hispanic white sampled persons were more likely to be con-

tacted than other race/ethnicity groups (OR 1.79; 95% CI: 1.09–2.94), but these effects were

not statistically significant in multivariate analysis. Sex, age at HIV diagnosis, age on the sam-

pling date, and transmission risk category were not significantly associated with contact. The

final predictive model for contact in 2014 contained 10 of 13 candidate predictors (Table 1)

and had an overall AUC of 0.85. Which variables were significantly associated with contact

and were ultimately included in the model used for weighting varied by project area and data

collection year (S1 Table).

Once the sampled person had been successfully contacted, the only variable that signifi-

cantly predicted a successful interview in Washington State 2014 was place of residence

(Table 1). Persons residing outside the project area of sampling or with unknown residence

were less likely to be interviewed than those residing within the project area of sampling (aOR

0.24; 95% CI: 0.12–0.46). The final predictive model of successful interview for Washington

State 2014 contained 4 predictors and had an AUC of 0.71. Again, which variables were signifi-

cant and the composition of final models varied by project area and data collection year (S2

Table).

By comparing the sampling frame with a similarly constructed frame based on data from

one year after the sampling date using data from 2014 in Washington State, we were able to

identify persons who should have been on the initial frame but were not due to HIV case

reporting delay. Sampled persons whose HIV case reports were delayed tended to be older

than persons whose reports were not delayed with mean ages of 39.6 and 34.7, respectively

(Table 2). Persons diagnosed with HIV in jurisdictions with populations less than 2.5 million

were more likely to have delayed reporting than persons diagnosed in more populous jurisdic-

tions (OR 2.77; 95% CI: 1.85–4.16). Men who have sex with men were more likely to have

reporting delay than those with other reported risk (OR 2.02; 95% CI: 1.01–4.06). All 13

Table 3. HIV care as documented in the medical record for Case-Surveillance-Based Sampling respondents, 2012,

2013, and 2014 (N = 10871).

Retention in HIV Care Definition

MMP2 (%) HRSA3 (%)

Retained in HIV care 823 (75.7) 885 (81.4)

Not retained in HIV care 264 (24.3) 202 (18.6)

Some care (� 1 visit in past 12 months) 208 (78.9) 146 (72.3)

No care in past 12 months 54 (20.5) 54 (26.7)

Never in Care 2 (0.8) 2 (1.0)

172 participants who reported a history of receiving HIV care but did not have medical record abstraction data to

allow further classification are excluded.
2Medical Monitoring Project definition: Medical record showed at least one visit in the first four months of the

12-month medical record abstraction period.
3Health Resources and Services Administration definition: Medical record showed at least two visits in the 12-month

medical record abstraction period at least 90 days apart.

https://doi.org/10.1371/journal.pone.0219996.t003
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potential predictors were included in the final case reporting delay model, resulting in a model

with AUC of 0.87. Variables included in the models for other project area/data collection year

combinations are shown in S3 Table.

Our adjustment for case reporting delay and other changes to NHSS variables affecting eli-

gibility is a form of post-stratification in which we update the sampling frame with a more

accurate list of people living with HIV in the CSBS project areas. Cases of delayed reporting

are added and cases whose updated information shows them to be ineligible are subtracted,

e.g., those residing outside of the jurisdiction on the sampling date. For example, the sampling

frame based on data transmitted to CDC from Washington State as of September 2014 con-

tained 11,692 persons. A similarly constructed dataset based on data transmitted to CDC as of

September 2015 contained 11,533 persons, an adjustment of -1.4%. Among the four project

areas, the magnitude of the adjustment in 2014 ranged from -1.4% to 1.4%, averaging -0.1%.

Discussion

While MMP has made significant contributions to the field of HIV surveillance,[28] its facil-

ity-based sampling method has limited its ability to support efforts to engage and re-engage

out-of-care persons. CSBS offered proof of concept that MMP’s sampling methodology could

be adapted to reach the broader population. Operating in multiple jurisdictions, CSBS estab-

lished a nationally scalable solution for interview and medical record abstraction on a repre-

sentative sample of all HIV-diagnosed persons both in and out of care with a response rate

comparable to traditional MMP. In addition, we developed methods that directly address

interjurisdictional migration, and differential non-response and reporting delays, reducing

these potential sources of bias and allowing representative estimates to be made. These meth-

ods were particularly important in light of the literature showing bias when migration is not

taken into consideration [29] or when clinic-, rather than population-based samples of out-of-

care HIV-diagnosed persons are used [11].

In its third project year, CSBS achieved a response rate of 44.5%, within 4.4 percentage

points of the overall MMP response rate, making it a viable alternative to facility-based sam-

pling employed at that time for MMP, though the response rate is lower than optimal in both

cases. A substantial proportion of respondents—approximately one quarter—would not have

been included in MMP due to lower engagement in HIV care and 5% had no care in the past

12 months. These groups of respondents are likely to have lower levels of viral suppression,

and understanding them may be particularly relevant to reducing HIV transmission and ulti-

mately controlling the HIV epidemic in the United States. Based on these findings and the

strategic importance of the population not receiving HIV care for HIV prevention, in June

2015, MMP incorporated the case-surveillance sampling-based methods described in this

manuscript into its routine nationally representative data collection conducted in 17 states

with a total sample size of 9700 for the 2015 cycle.

In the 2015 and 2016 cycles, following national adoption of CSBS methodology, MMP

achieved response rates of 40% and 44%, respectively, very similar to the results of the pilot

[30, 31]. In the twelve months prior to interview, 20.0% and 19.9% of respondents from each

cycle, respectively, were not retained in care, and in the 24 months prior to interview, 36.0%

were not retained in care in both cycles; retention was defined as having two or more elements

of outpatient HIV care at least 90 days apart in each 12 month period. These further experi-

ences demonstrate the feasibility of CSBS methods for collecting information from people liv-

ing with HIV with irregular care patterns when scaled to a nationally representative sample of

23 state and local public health jurisdictions. While CSBS demonstrates that it is possible to

identify and contact persons not retained in care through NHSS, the number of sampled
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persons not contacted was substantial, 1274 out of 2810 (45%), a reminder of the challenges

facing Data to Care programs that seek to leverage NHSS to guide unretained patients back

into care.

Sampling for MMP from NHSS and post stratification of MMP data to NHSS totals facili-

tates comparisons between MMP and NHSS data. In addition, collecting data from among all

HIV diagnosed persons rather than among those out of care by a fixed definition allows flexi-

bility in the choice of care definition and a richer description of care utilization, i.e., MMP

describes not only persons who did not have two HIV care visits in the last year but also per-

sons who had no visits at all during the 2-year medical record abstraction period. At the state

and metropolitan area level, MMP estimates based on the population of persons diagnosed

with HIV residing in the area as of a reference date are not directly comparable to estimates

based on the population of persons diagnosed in that state. As with facility-based MMP data,

state and metropolitan area estimates may be limited by sample size and require pooling of

data across multiple years for adequate power.

In the first year of the pilot, 18% of the sample whose place of residence was established

resided out of the jurisdiction of sampling and were excluded, because mechanisms for cross-

jurisdictional data collection had yet to be established. Buskin, et al. have shown the impor-

tance of accounting for migration of persons living with HIV in other settings,[29] and it

seemed likely that exclusion of these persons caused bias. This problem resulted from discrep-

ancies between most recently recorded address in case surveillance and actual residence, and

we took three steps to address it. First, we changed from using local case surveillance data to

using national case surveillance data. This change alone was associated with a decrease from

18 to 14% in proportion of sampled persons with known residence who resided out of jurisdic-

tion. Second, we established mechanisms to collect data despite cross-jurisdictional migration,

which resulted in being able to recruit and collect data on persons who were not currently liv-

ing in the jurisdiction in which they were sampled. Third, because response rates were lower

for persons who moved out of the jurisdiction of sampling, we incorporated current residence

into our non-response bias adjustment. These methods may prove useful to other surveillance

systems or research efforts.

Our data show substantial variation in success of contacting sampled persons between sub-

groups. Not surprisingly, those who were out of care, had unsuppressed viral load, or who had

moved out of the project area of sampling were more difficult to contact. Variables known to

be associated with reporting delay in NHSS also predicted reporting delay for CSBS. Being

diagnosed in a less populous area and having no history of AIDS were particularly strongly

associated with increased reporting delay. These strong associations underscore the impor-

tance of weighting adjustments to reduce bias due to non-response and differential reporting

delay. Nevertheless, our statistical adjustments depend on our ability to characterize differen-

tial response. We used NHSS data for this purpose, and in some cases variables were incom-

plete, e.g., race or transmission risk, and the data quality—particularly for laboratory data—

varied by jurisdiction. Of particular importance was the adjustment for non-response based

on HIV care status. We used NHSS laboratory data as a proxy for being out-of-care. Though

viral load surveillance has been steadily improving nationwide, these methods have limited

application in areas that do not have mature HIV laboratory reporting systems. Furthermore,

we cannot be assured that adjustments based on these proxy data fully capture differences in

non-response among people more or less engaged with their HIV care providers. Indeed,

while laboratory results and medical record review are certainly correlated, the relationship is

imperfect [32, 33]. In project areas with new or absent laboratory reporting systems, adjust-

ments for care utilization would be indirect and reliant on adjustment for other factors that

can be measured in the local NHSS data and may correlate with care utilization. Thus, it is
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possible that care utilization estimates in project areas without mature laboratory reporting

systems would be biased due to incomplete adjustment. Finally, it should be mentioned that

weighting not only makes point estimates more accurate through adjustment of bias, but it

avoids Type 1 errors that may result when the investigator does not take into the account the

systematic nature of non-response, i.e. investigators may inappropriately draw a conclusion of

statistical significance if appropriate weighting and analysis methods are not used [34].

The necessity of excluding data from one state due to unforeseen circumstances further lim-

ited our ability to generalize the findings. Additionally, viral load reporting is one source of

updated contact information for patients, and recruitment may be more challenging in states

without mature viral load reporting systems. More generally, this manuscript is limited in its

ability to generalize beyond the four included public health jurisdictions. CSBS sites were cho-

sen through a competitive application process to which a minority of jurisdictions applied; it is

possible that these applicants had more experience in use of HIV surveillance data for pro-

grammatic purposes, and extension of these methods to other jurisdictions may be more chal-

lenging. While Washington State data are used as an example, the most prominent findings

from this dataset were replicated in the others. Being out of care significantly and strongly pre-

dicted lack of contact in all jurisdictions, and residing in a different jurisdiction consistently

made it much less likely that an interview would be performed, though this effect was not sta-

tistically significant in LA County.

Over the past decade, the use of HIV surveillance data has shifted from a system in which

information on individuals travelled from the HIV care provider to the surveillance system

and was only used in aggregate to describe the population of persons diagnosed with HIV

infection to one in which surveillance data are increasingly being used to reach out to persons

with diagnosed HIV for the purpose of improving public health efforts in HIV. The methods

employed by CSBS require the maintenance and use of personally identifiable data by the par-

ticipating health department for recruitment. Although access and use of these data was strictly

limited to staff of participating health departments for a specific public health use, the potential

for breach in confidentiality exists and even using them to make contact could be considered

by some to be an invasion of privacy; persons living with HIV do not have the opportunity to

pre-emptively opt out of this initial contact. We further recognize that failure to use surveil-

lance data to improve the health of people living with HIV and prevent transmission, now that

effective methods exist, is ethically perilous.[35]To mitigate these challenges, we ensured that

participation was fully voluntary, and we used rigorous security standards and a schedule for

destruction of information when it was no longer necessary. No breaches of confidentiality

occurred during the demonstration project.

When the national MMP surveillance system adapted the CSBS demonstration project’s

methods, two modifications were implemented. First, considering the implications for statisti-

cal power of a more complex sampling design, sampling was not stratified by time since diag-

nosis as was done for the demonstration project. Second, weighting included an additional

adjustment factor to account for the probability proportional to size selection of MMP states,

similar to adjustments previously performed for MMP data[14] as this stage of sampling has

not changed. The new MMP methods allow creation of national estimates for the entire popu-

lation of adults living with a diagnosis of HIV in the United States, both receiving and not

receiving HIV care. Interview and MRA data collected from persons not receiving HIV care,

or marginally in care, will allow a deeper understanding of the reasons for failures in care

engagement and better targeting of prevention resources. Insofar as good public health data

drive good public health programs, our hope is that these methodological improvements bring

us one step closer to controlling HIV in the United States.

HIV surveillance including those not in care

PLOS ONE | https://doi.org/10.1371/journal.pone.0219996 August 1, 2019 16 / 19

https://doi.org/10.1371/journal.pone.0219996


Supporting information

S1 Table. Variables included in final models predicting successful contact by project area

and year, Case-Surveillance-Based Sampling demonstration project 2012–2014.

(DOCX)

S2 Table. Variables included in final models predicting interview response among con-

tacted persons by project area and year, Case-Surveillance-Based Sampling demonstration

project 2012–2014.

(DOCX)

S3 Table. Variables included in final models predicting reporting delay project area and

year, Case-Surveillance-Based Sampling demonstration project 2012–2014.

(DOCX)

Acknowledgments

We thank the CSBS field staff managers including Susan Buskin, Maree Kay Parisi, Jennifer

Reuer, Judy Tejero, and Christopher Williams; CSBS data analyst Cherry Luo; as well as the

CSBS participants for their contributions to this work.

Disclaimer: The findings and conclusions in this paper are those of the authors and do not

necessarily represent the views of the Centers for Disease Control and Prevention.

Author Contributions

Conceptualization: Stanley C. Wei, Lauren Messina, Alison Hughes, Thomas Jaenicke, Ken-

dra Johnson, Leandro Mena, Susan Scheer, Chi-Chi Udeagu, Amy Wohl, McKaylee Robert-

son, Joseph Prejean, Mi Chen, Jeanne Bertolli, Jacek Skarbinski.

Data curation: Stanley C. Wei, Lauren Messina, Julia Hood, Alison Hughes, McKaylee Rob-

ertson, Tian Tang, Christopher H. Johnson.

Formal analysis: Stanley C. Wei, Lauren Messina, Julia Hood, Alison Hughes, McKaylee Rob-

ertson, Tian Tang.

Investigation: Julia Hood.

Methodology: Stanley C. Wei, Lauren Messina, Julia Hood, Alison Hughes, Thomas Jaenicke,

Kendra Johnson, Leandro Mena, Susan Scheer, Chi-Chi Udeagu, Amy Wohl, McKaylee

Robertson, Mi Chen, Tian Tang, Jeanne Bertolli, Christopher H. Johnson, Jacek Skarbinski.

Project administration: Lauren Messina.

Supervision: Stanley C. Wei, Lauren Messina, Julia Hood, Alison Hughes, Thomas Jaenicke,

Kendra Johnson, Leandro Mena, Susan Scheer, Chi-Chi Udeagu, Amy Wohl, McKaylee

Robertson, Joseph Prejean, Mi Chen, Jeanne Bertolli, Christopher H. Johnson, Jacek

Skarbinski.

Writing – original draft: Stanley C. Wei, Lauren Messina.

Writing – review & editing: Stanley C. Wei, Lauren Messina, Julia Hood, Alison Hughes,

Thomas Jaenicke, Kendra Johnson, Leandro Mena, Susan Scheer, Chi-Chi Udeagu, Amy

Wohl, McKaylee Robertson, Joseph Prejean, Mi Chen, Tian Tang, Jeanne Bertolli, Christo-

pher H. Johnson, Jacek Skarbinski.

HIV surveillance including those not in care

PLOS ONE | https://doi.org/10.1371/journal.pone.0219996 August 1, 2019 17 / 19

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0219996.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0219996.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0219996.s003
https://doi.org/10.1371/journal.pone.0219996


References
1. Centers for Disease Control and Prevention. Behavioral and Clinical Characteristics of Persons Receiv-

ing Medical Care for HIV Infection—Medical Monitoring Project, United States, 2014 Cycle (June 2014-

May 2015) 2016 [updated 7/16/2017]. December 2016:[Available from: https://www.cdc.gov/hiv/pdf/

library/reports/surveillance/cdc-hiv-hssr-mmp-2014.pdf.

2. Wohl AR, Benbow N, Tejero J, Johnson C, Scheer S, Brady K, et al. Antiretroviral Prescription and Viral

Suppression in a Representative Sample of HIV-Infected Persons in Care in 4 Large Metropolitan

Areas of the United States, Medical Monitoring Project, 2011–2013. J Acquir Immune Defic Syndr.

2017; 76(2):158–70. Epub 2017/06/20. https://doi.org/10.1097/QAI.0000000000001482 PMID:

28628527.

3. Mokotoff E, Gibson J. Development of Population-Based HIV/AIDS Clinical Surveillance. In: Council of

State and Territorial Epidemiologists, editor. 2004.

4. McNaghten AD, Wolfe MI, Onorato I, Nakashima AK, Valdiserri RO, Mokotoff E, et al. Improving the

Representativeness of Behavioral and Clinical Surveillance for Persons with HIV in the United States:

The Rationale for Developing a Population-Based Approach. PLoS ONE. 2007; 2(6):e550–e. https://

doi.org/10.1371/journal.pone.0000550 PMID: 17579722

5. Hall HI, Tang T, Westfall AO, Mugavero MJ. HIV Care Visits and Time to Viral Suppression, 19 U.S.

Jurisdictions, and Implications for Treatment, Prevention and the National HIV/AIDS Strategy. PLoS

One. 2013; 8(12):e84318. https://doi.org/10.1371/journal.pone.0084318 PMID: 24391937; PubMed

Central PMCID: PMC3877252.

6. Mugavero MJ, Amico KR, Westfall AO, Crane HM, Zinski A, Willig JH, et al. Early Retention in HIV Care

and Viral Load Suppression: Implications for a Test and Treat Approach to HIV Prevention. JAIDS Jour-

nal of Acquired Immune Deficiency Syndromes. 2012; 59(1):86–93. https://doi.org/10.1097/QAI.

0b013e318236f7d2 PMID: 21937921

7. Egger M, May M, Chêne G, Phillips AN, Ledergerber B, Dabis F, et al. Prognosis of HIV-1-infected

patients starting highly active antiretroviral therapy: a collaborative analysis of prospective studies. The

Lancet. 2002; 360(9327):119–29.

8. Giordano TP, Gifford AL, White AC Jr., Suarez-Almazor ME, Rabeneck L, Hartman C, et al. Retention

in care: a challenge to survival with HIV infection. Clinical infectious diseases: an official publication of

the Infectious Diseases Society of America. 2007; 44(11):1493–9. Epub 2007/05/08. https://doi.org/10.

1086/516778 PMID: 17479948.

9. Horberg MA, Hurley LB, Silverberg MJ, Klein DB, Quesenberry CP, Mugavero MJ. Missed Office Visits

and Risk of Mortality Among HIV-Infected Subjects in a Large Healthcare System in the United States.

AIDS Patient Care STDS. 2013; 27(8):442–9. https://doi.org/10.1089/apc.2013.0073 PMID: 23869466;

PubMed Central PMCID: PMC3739947.

10. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC, Kumarasamy N, et al. Prevention of

HIV-1 Infection with Early Antiretroviral Therapy. New England Journal of Medicine. 2011; 365:493–

505. https://doi.org/10.1056/NEJMoa1105243 PMID: 21767103

11. Magnus M, Herwehe J, Wilbright W, Abrams A, Foxhood J, Gruber D, et al. The validity of clinic-based

samples in approximating out-of-care HIV-infected populations. AIDS Care. 2014; 26(3):367–71.

https://doi.org/10.1080/09540121.2013.824537 PMID: 23930702.

12. Buskin SE, Barash EA, Bauer AL, Kent JB, Garcia-Smith HR, Wood RW. HIV infected individuals pre-

sumed to not be receiving HIV medical care: a surveillance program evaluation for investigations and

referrals in Seattle, Washington State, USA. jHASE-Journal of HIV/AIDS Surveillance & Epidemiology.

2011; 3(1):3.

13. Institute of Medicine. Monitoring HIV Care in the United States: A Strategy for Generating National Esti-

mates of HIV Care and Coverage. Washington, DC: 2012.

14. Blair JM, Fagan JL, Frazier EL, Do A, Bradley H, Valverde EE, et al. Behavioral and Clinical Character-

istics of Persons Receiving Medical Care for HIV Infection—Medical Monitoring Project, United States,

2009. Morbidity and mortality weekly report Surveillance summaries (Washington, DC: 2002). 2014;

63:1–22.

15. Cohen SM, Gray KM, Ocfemia MCB, Johnson AS, Hall HI. The Status of the National HIV Surveillance

System, United States, 2013. Public Health Reports. 2014; 129(4):335–41. PMC4037459. https://doi.

org/10.1177/003335491412900408 PMID: 24982536

16. Centers for Disease Control and Prevention. HIV Surveillance Report 2017 [6/23/2019]. Available from:

https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-report-2017-vol-29.pdf.

17. Selik R, Mokotoff E, Branson BM, Owen SM, Whitmore S, Hall HI. Revised Surveillance Case Definition

for HIV Infection—United States, 2014. MMWR Morb Mortal Wkly Rep. 2014; 63(RR03):1–10.

HIV surveillance including those not in care

PLOS ONE | https://doi.org/10.1371/journal.pone.0219996 August 1, 2019 18 / 19

https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-hssr-mmp-2014.pdf
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-hssr-mmp-2014.pdf
https://doi.org/10.1097/QAI.0000000000001482
http://www.ncbi.nlm.nih.gov/pubmed/28628527
https://doi.org/10.1371/journal.pone.0000550
https://doi.org/10.1371/journal.pone.0000550
http://www.ncbi.nlm.nih.gov/pubmed/17579722
https://doi.org/10.1371/journal.pone.0084318
http://www.ncbi.nlm.nih.gov/pubmed/24391937
https://doi.org/10.1097/QAI.0b013e318236f7d2
https://doi.org/10.1097/QAI.0b013e318236f7d2
http://www.ncbi.nlm.nih.gov/pubmed/21937921
https://doi.org/10.1086/516778
https://doi.org/10.1086/516778
http://www.ncbi.nlm.nih.gov/pubmed/17479948
https://doi.org/10.1089/apc.2013.0073
http://www.ncbi.nlm.nih.gov/pubmed/23869466
https://doi.org/10.1056/NEJMoa1105243
http://www.ncbi.nlm.nih.gov/pubmed/21767103
https://doi.org/10.1080/09540121.2013.824537
http://www.ncbi.nlm.nih.gov/pubmed/23930702
https://doi.org/10.1177/003335491412900408
https://doi.org/10.1177/003335491412900408
http://www.ncbi.nlm.nih.gov/pubmed/24982536
https://www.cdc.gov/hiv/pdf/library/reports/surveillance/cdc-hiv-surveillance-report-2017-vol-29.pdf
https://doi.org/10.1371/journal.pone.0219996


18. Schneider E, Whitmore S, Glynn KM, Dominguez K, Mitsch A, McKenna MT, et al. Revised surveillance

case definitions for HIV infection among adults, adolescents, and children aged< 18 months and for HIV

infection and AIDS among children aged 18 months to< 13 years—United States, 2008. MMWR

Recomm Rep. 2008; 57(RR-10):1–12. PMID: 19052530

19. Padilla M, Mattson CL, Scheer S, Udeagu CN, Buskin SE, Hughes AJ, et al. Locating People Diagnosed

With HIV for Public Health Action: Utility of HIV Case Surveillance and Other Data Sources. Public

health reports (Washington, DC: 1974). 2018; 133(2):147–54. Epub 2018 Feb 27. https://doi.org/10.

1177/0033354918754541 PMID: 29486143.

20. Centers for Disease Control and Prevention. Data Security and Confidentiality Guidelines for HIV, Viral

Hepatitis, Sexually Transmitted Disease, and Tuberculosis Programs: Standards to Facilitate Sharing

and Use of Surveillance Data for Public Health Action. Atlanta, GA2011.

21. The American Association for Public Opinion Research. Standard Definitions: Final Dispositions of

Case Codes and Outcome Rates for Surveys, 7th Edition. AAPOR, 2011.

22. Buchacz K, Frazier EL, Hall HI, Hart R, Huang P, Franklin D, et al. A Matter of Perspective: Comparison

of the Characteristics of Persons with HIV Infection in the United States from the HIV Outpatient Study,

Medical Monitoring Project, and National HIV Surveillance System. The Open AIDS Journal. 2015;

9:123–33. https://doi.org/10.2174/1874613601509010123 PMC4714382. PMID: 26793282

23. Sullivan PS, Juhasz M, McNaghten AD, Frankel M, Bozzette S, Shapiro M. Time to first annual HIV

care visit and associated factors for patients in care for HIV infection in 10 US cities. AIDS care. 2011;

23(10):1314–20. https://doi.org/10.1080/09540121.2011.555746 PMID: 21939408

24. Health Resources and Services Administration. HAB HIV Core Clinical Performance Measures for

Adult/Adolescent Clients: Group 1 2013 [cited 2013 October 17]. Available from: http://hab.hrsa.gov/

deliverhivaidscare/files/habgrp1pms08.pdf.

25. Song R, Green TA. An Improved Approach to Accounting for Reporting Delay in Case Surveillance Sys-

tems. Journal of Biostatistics. 2012; 7(1):1–14.

26. Lee BK, Lessler J, Stuart EA. Weight trimming and propensity score weighting. PLoS One. 2011; 6(3):

e18174. https://doi.org/10.1371/journal.pone.0018174 PMID: 21483818; PubMed Central PMCID:

PMC3069059.

27. Chowdhury S, Khare M, Wolter K, editors. Weight trimming in the national immunization survey. Pro-

ceedings of the Joint Statistical Meetings, Section on Survey Research Methods, American Statistical

Association; 2007.

28. Institute of Medicine. Monitoring HIV Care in the United States: Indicators and Data Systems. Washing-

ton, DC: 2012.

29. Buskin SE, Kent JB, Dombrowski JC, Golden MR. Migration Distorts Surveillance Estimates of Engage-

ment in Care: Results of Public Health Investigations of Persons Who Appear to be Out of HIV Care.

Sex Transm Dis. 2014; 41(1):35–40. https://doi.org/10.1097/OLQ.0000000000000072 PMID:

24326579.

30. Centers for Disease Control and Prevention. Behavioral and Clinical Characteristics of Persons with

Diagnosed HIV Infection—Medical Monitoring Project, United States, 2015 Cycle (June 2015–May

2016). 2018 [6/8/2019]. Available from: https://www.cdc.gov/hiv/library/reports/hiv-surveillance.html.

31. Centers for Disease Control and Prevention. Behavioral and Clinical Characteristics of Persons with

Diagnosed HIV Infection—Medical Monitoring Project, United States, 2016 Cycle (June 2016–May

2017) 2019 [6/8/2019]. Available from: https://www.cdc.gov/hiv/library/reports/hiv-surveillance.html.

32. Dean BB, Hart RL, Buchacz K, Bozzette SA, Wood K, Brooks JT, et al. HIV Laboratory Monitoring Reli-

ably Identifies Persons Engaged in Care. JAIDS Journal of Acquired Immune Deficiency Syndromes.

2015; 68(2):133–9. https://doi.org/10.1097/QAI.0000000000000406 PMID: 25383710

33. Sabharwal CJ, Braunstein SL, Robbins RS, Shepard CW. Optimizing the Use of Surveillance Data for

Monitoring the Care Status of Persons Recently Diagnosed With HIV in NYC. JAIDS Journal of

Acquired Immune Deficiency Syndromes. 2014; 65(5):571–8. https://doi.org/10.1097/QAI.

0000000000000077 PMID: 24326601

34. Osborne J. Best Practices in Using Large, Complex Samples: The Importance of Using Appropriate

Weights and Design Effect Compensation Practical Assessment, Research and Evaluation. 2011; 16

(12):1–7.

35. Sweeney P, Gardner L, Buchacz K, Garland P, Mugavero MJ, Bosshard J, et al. Shifting the Paradigm:

Using HIV Surveillance Data as a Foundation for Improving HIV Care and Preventing HIV Infection. Mil-

bank Quarterly. 2013; 91(3):558–603. https://doi.org/10.1111/milq.12018 PMID: 24028699

HIV surveillance including those not in care

PLOS ONE | https://doi.org/10.1371/journal.pone.0219996 August 1, 2019 19 / 19

http://www.ncbi.nlm.nih.gov/pubmed/19052530
https://doi.org/10.1177/0033354918754541
https://doi.org/10.1177/0033354918754541
http://www.ncbi.nlm.nih.gov/pubmed/29486143
https://doi.org/10.2174/1874613601509010123
http://www.ncbi.nlm.nih.gov/pubmed/26793282
https://doi.org/10.1080/09540121.2011.555746
http://www.ncbi.nlm.nih.gov/pubmed/21939408
http://hab.hrsa.gov/deliverhivaidscare/files/habgrp1pms08.pdf
http://hab.hrsa.gov/deliverhivaidscare/files/habgrp1pms08.pdf
https://doi.org/10.1371/journal.pone.0018174
http://www.ncbi.nlm.nih.gov/pubmed/21483818
https://doi.org/10.1097/OLQ.0000000000000072
http://www.ncbi.nlm.nih.gov/pubmed/24326579
https://www.cdc.gov/hiv/library/reports/hiv-surveillance.html
https://www.cdc.gov/hiv/library/reports/hiv-surveillance.html
https://doi.org/10.1097/QAI.0000000000000406
http://www.ncbi.nlm.nih.gov/pubmed/25383710
https://doi.org/10.1097/QAI.0000000000000077
https://doi.org/10.1097/QAI.0000000000000077
http://www.ncbi.nlm.nih.gov/pubmed/24326601
https://doi.org/10.1111/milq.12018
http://www.ncbi.nlm.nih.gov/pubmed/24028699
https://doi.org/10.1371/journal.pone.0219996

