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Abstract

HIV nucleotide sequences generated through routine drug resistance testing (DRT) and reported to 

Maryland’s Molecular HIV Surveillance system are most effective for elucidating transmission 

patterns and identifying outbreaks if DRT is ordered promptly and sequences are reported 

completely. Among reported cases of HIV infection newly diagnosed during 2011–2013 in 

Maryland residents aged >13 years, we assessed sequence ascertainment completeness. To better 

understand which populations were most likely to have a sequence, we examined associations 

between sequence ascertainment and clinical and demographic characteristics. During 2011–2013, 

4423 new HIV infection diagnoses were reported; sequences were ascertained for 1282 (29.0%). 

Among 3267 cases with complete data, odds for having a sequence ascertained were highest for 

cases in persons living inside Maryland’s Central Region with initial CD4 counts <500 cells/mm3 

(adjusted odds ratio [aOR] 2.4, 95% confidence interval [CI] 1.9–3.1). Sequence ascertainment did 

not vary significantly by patient age, sex, race/ethnicity or HIV transmission category. Educational 

interventions, policy changes and improved processes to increase timely DRT and subsequent 

sequence reporting with a focus on testing at entry to care, particularly for those with higher CD4 

counts and those living outside the Central Region, might improve ascertainment completeness.
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Background

As part of caring for persons living with HIV in the United States, clinical providers order 

drug resistance testing (DRT), which determines nucleotide sequences of parts of the HIV-1 

*The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of the 
Centers for Disease Control and Prevention.

CONTACT Richard B. Brooks zti6@cdc.gov 201 W. Preston St., Room 330, Baltimore, MD 21201, USA

Disclosure statement
No potential conflict of interest was reported by the authors.

HHS Public Access
Author manuscript
AIDS Care. Author manuscript; available in PMC 2020 May 01.

Published in final edited form as:
AIDS Care. 2019 May ; 31(5): 621–628. doi:10.1080/09540121.2018.1545983.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



pol gene that are important anti-HIV drug targets. Pre-2007 U.S. Department of Health and 

Human Services (HHS) guidelines (Panel on Antiretroviral Guidelines for Adults and 

Adolescents, 2006) recommended that providers order DRT immediately before starting 

antiretroviral therapy (ART) as determined by a patient’s CD4 count. Recommendations 

regarding when to initiate ART and order DRT have changed over time. During December 

2009–March 2012, guidelines strongly recommended ART initiation for anyone with a CD4 

count <350 cells/mm3. For persons with a CD4 count 350–500 cells/mm3, the panel was 

split between a moderate and strong recommendation to initiate ART, and 50% of the panel 

considered ART initiation optional for a CD4 count >500 cells/mm3 (Panel on Antiretroviral 

Guidelines for Adults and Adolescents, 2009). Beginning March 2012, ART initiation was 

strongly recommended for everyone with a CD4 count ≤500 cells/mm3 (Panel on 

Antiretroviral Guidelines for Adults and Adolescents, 2012). Furthermore, since December 

2007, guidelines have recommended ordering DRT on all patients with viral load (VL) 

>1000 copies/mL when they enter care, regardless of starting ART, effectively delinking 

ordering DRT and initiating ART. DRT was discouraged and many labs would not perform 

DRT for persons with VL <1000 copies/mL due to unreliable viral amplification (Panel on 

Antiretroviral Guidelines for Adults and Adolescents, 2008).

In 2013, Maryland received funding to participate in the Centers for Disease Control and 

Prevention’s (CDC’s) Molecular HIV Surveillance (MHS) system, an optional component of 

the National HIV Surveillance System (NHSS) at the time; Maryland had participated in 

MHS during 2011–2012 without federal funds. Maryland regulations require that 

laboratories report positive HIV tests, nucleotide sequences from DRT, CD4 counts and VL 

counts to the Maryland Department of Health (MDH) (Code of Maryland Regulations 

10.18.02). MDH requires all laboratories performing DRT (6–8 labs during 2011–2013) to 

report sequences electronically to maximize data integrity and completeness. Although MHS 

was designed to evaluate HIV genetic diversity and monitor drug resistance (CDC and 

CSTE, 2015), MHS also aims to elucidate transmission networks (Oster et al., 2015; Smith 

et al., 2009) and identify disease clusters and outbreaks (France et al., 2016).

To identify clusters or outbreaks, nucleotide sequences from all possible two-way pairings of 

cases are compared. Cases with highly similar sequences are considered possibly linked and 

might have occurred in transmission partners, or if indirectly linked, in persons part of the 

same transmission cluster. Once clusters are identified, investigations can help elucidate 

transmission factors so as to guide interventions.

In 2015, CDC analyzed national HIV sequence data (Oster et al., 2016, February) and 

identified a Maryland cluster of five cases. Despite extensive interviews, no epidemiologic 

links were identified, likely because of missing sequence information. Reasons for missing 

data could include problems anywhere along the continuum from HIV diagnosis and 

reporting to NHSS, to entry to care, to ordering of DRT, to reporting of a sequence to the 

MHS system and matching it with a case in the NHSS (Figure 1).

We examined the completeness of Maryland’s HIV sequence data ascertained by the MHS 

system and aimed to characterize cases with missing sequence data. A better understanding 

of populations at highest risk for lacking sequence data might allow targeting of 
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interventions to increase sequence ascertainment so as to fully describe transmission 

networks, ultimately aiding our ability to stop ongoing transmission. We sought to (1) 

identify the percentage of HIV cases newly diagnosed in Maryland that had a nucleotide 

sequence ascertained by MHS and (2) identify disparities in nucleotide sequence 

ascertainment by examining demographic and clinical characteristics of Maryland patients 

with newly diagnosed and reported HIV infection cases that did and did not have sequences 

in the MHS system.

Methods

Population for analysis

We identified cases of HIV infection reported to MDH as part of routine HIV surveillance 

that were newly diagnosed during 1 January 2011–31 December 2013 in Maryland residents 

aged ≥13 years. The CDC/Council of State and Territorial Epidemiologists (CSTE) HIV 

surveillance case definitions in effect during our analysis period were used (Schneider et al., 

2008). Cases in persons previously diagnosed with HIV infection outside of Maryland were 

excluded.

Measures

We determined the percentage of cases of newly reported HIV infection for which at least 

one nucleotide sequence was ascertained as of 1 February 2015. For cases with a nucleotide 

sequence and a complete HIV diagnosis date, including day, month and year, we calculated 

time from diagnosis to specimen collection for HIV DRT. If cases had more than one 

sequence in the MHS system, the date for the earliest sequence was used. We described 

cases with and without nucleotide sequences by patient demographic and clinical 

characteristics, as defined by NHSS protocols. Demographic characteristics included age at 

diagnosis, sex at birth, race/ethnicity, region of residence in the state, and US-born or 

foreign-born. Race/ethnicity categories included American Indian/Alaska Native, Asian, 

black or African American (henceforth referred to as black), Hispanic/Latino, Native 

Hawaiian/other Pacific Islander, white and multiracial; these categories were mutually 

exclusive. Clinical characteristics included initial CD4 count, typically collected at entry to 

care, first VL and HIV transmission category. Transmission categories included male-to-

male sexual contact (men who have sex with men or MSM), heterosexual contact, persons 

who inject drugs (PWID), MSM who inject drugs, other (including perinatal and 

transfusion-related), and none identified or reported (CDC, 2016).

Statistical analyses

After preliminary analysis, demographic and clinical variables other than year of diagnosis 

and HIV transmission category were dichotomized for univariate and multivariate analyses. 

Because most cases were in persons of black race, we grouped cases in persons from all 

other racial/ethnic categories and conducted subsequent analyses comparing cases in persons 

of black versus non-black race. Final analyses compared cases in persons aged 13–49 years 

with those aged ≥50 years. Transmission was categorized as MSM, heterosexual contact, 

PWID (including MSM who inject drugs, because heterosexuals who inject drugs would be 

also assigned to this group by surveillance definitions) and none/other (combined due to 
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small numbers of other). For univariate analysis, the none/other category was further 

stratified by sex. Initial CD4 count was dichotomized to ≤500 cells/mm3 and >500 

cells/mm3 and VL to <1000 copies/mL and ≥1000 copies/mL.

Most cases included in this study were in residents of the Central Region (comprising the 

city of Baltimore and Carroll, Howard, Anne Arundel, Baltimore, and Harford counties) or 

the National Capital Region (comprising Frederick, Montgomery, and Prince George’s 

counties) (Figure 2). A limited number of patients resided in other regions. Final analyses 

compared Central Region cases to cases from all other regions.

Analyses examining associations between patient demographic or clinical characteristics and 

sequence ascertainment were performed using chi-square tests; prevalence ratios (PRs) and 

95% confidence intervals (CIs) were calculated. Multivariate logistic regression models were 

constructed in STATA 12.0 (StataCorp, 2011; Stata Statistical Software: Release 12. College 

Station, TX: Stata-Corp LP) to further examine these associations. The demographic and 

clinical characteristics considered were those that were determined a priori to be potentially 

related to DRT ordering or nucleotide sequence reporting, based on available literature and 

an understanding of HIV care. To identify characteristics useful in guiding interventions to 

improve sequence ascertainment, all variables identified a priori were included in the models 

to control for potential confounding and all possible two-way interactions were examined. 

The analysis was not limited to cases with VL ≥1000 copies/mL, as our primary objective 

was to examine whether a sequence was ascertained rather than the quality of sequences 

ascertained. The final model did not include VL given its inherent close association with the 

outcome but included all other a priori variables and significant interactions.

Results

We identified 4423 reported new diagnoses of HIV infection in persons aged ≥13 years in 

Maryland during 2011–2013 (Table 1). Diagnosis dates were equally distributed across 2011 

(34.0%), 2012 (33.6%) and 2013 (32.5%). Approximately 70% of patients were male and 

approximately 75% black. There was a peak in those aged 20–29 years, fewer cases in 

persons <20 years, and the remainder evenly distributed across the other age groups. 

Approximately 38% had no identified or reported transmission category, and most others 

were MSM only (33.6%) or heterosexual (23.1%). Approximately 84% of patients had an 

initial CD4 count; of those, 31.6% had an initial count >500 cells/mm3. Most patients 

resided in Maryland’s Central (49.5%) and National Capital (43.4%) regions.

Among cases of newly diagnosed HIV infection, 1282 (29.0%) had HIV DRT performed 

with ≥1 nucleotide sequence ascertained in the MHS system. Among 1275 cases with 

complete data available for dates of HIV diagnosis and DRT specimen collection, the 

median time from diagnosis to collection was 29 days (range 0–1441 days, interquartile 

range 8–176 days), and 872 (68.4%) had a specimen collected ≤90 days from diagnosis.

No significant differences were found by year of HIV diagnosis, race/ethnicity or sex at birth 

for cases with and without an HIV nucleotide sequence (Table 2). Early analyses showed 

that the probability of having a sequence ascertained changed near age 50 years; thus final 
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analyses compared persons aged 13–49 years to those ≥50 years. Sensitivity regression 

analyses using cutoffs of 45 and 55 years had similar findings (data not shown). Among 

cases in persons aged 13–49 years, 30.0% had a sequence ascertained, compared with 25.1% 

of cases in persons aged ≥50 years (PR 1.2; 95% CI 1.1–1.4; p = 0.003). Compared with 

cases in the MSM category (31.4% with a sequence), 32.5% in the heterosexual transmission 

category had a sequence (PR 1.0; 95% CI 0.9–1.2; p = 0.5), 30.9% in the PWID category 

had a sequence (PR 1.0; 95% CI 0.8–1.2; p = 0.9), and 24.5% in the none/other transmission 

category had a sequence (PR 0.8; 95% CI 0.7–0.9; p < 0.001). The none/other transmission 

category was further examined by sex; similar percentages of males (25.0%) and females 

(24.1%) had sequences ascertained. Among 3719 cases with initial CD4 count, 35.5% of 

those with a count ≤500 cells/mm3 had a sequence, compared with 27.6% of those with a 

count >500 cells/mm3 (PR 1.3; 95% CI 1.2–1.4; p < 0.001). Cases with first VL ≥1000 

copies/mL were more likely to have a sequence ascertained (38.0% vs. 21.0%; PR 1.8; 95% 

CI 1.6–2.1; p < 0.001). Sequence ascertainment differed significantly by residence region, 

with 33.1% of cases in persons living inside the Central Region having a sequence compared 

to 24.9% of cases in persons living outside the region (PR 1.3; 95% CI 1.2–1.5; p < 0.001). 

Finally, location of birth was available for 3890 patients; for cases in persons born in the 

United States, 29.4% had a sequence ascertained, compared with 23.1% of those born 

outside the United States (PR 1.3; 95% CI 1.0–1.6; p = 0.01).

We conducted multivariate analysis for 3267 cases with complete data for demographic and 

clinical characteristics (Table 3). Because of significant interaction between residence region 

and initial CD4 count, the effects of these two variables were considered together in our final 

model. Cases in persons residing inside the Central Region of Maryland with initial CD4 

counts ≤500 cells/mm3 had the highest adjusted odds of having a sequence ascertained 

compared to cases in persons residing outside the Central Region with initial CD4 counts 

>500 cells/mm3 (adjusted odds ratio (aOR) 2.4; 95% CI 1.9–3.1; p < 0.001). Cases in 

persons residing inside Maryland’s Central Region with initial CD4 count >500 cells/mm3 

also had increased adjusted odds for having a sequence ascertained (aOR 2.0; 95% CI 1.5–

2.6; p < 0.001). Cases in persons born in the United States had higher adjusted odds of 

having a sequence ascertained than cases in foreign-born persons (aOR 1.5; 95% CI 1.1–2.0; 

p = 0.004).

Discussion

Fewer than one-third of Maryland residents with newly diagnosed HIV infection during 

2011–2013 had nucleotide sequences in the MHS system by 1 February 2015, which is low 

given the recommendation that all persons with HIV infection should have DRT ordered at 

entry to care (Panel on Antiretroviral Guidelines for Adults and Adolescents, 2015). One-

third also falls short of CDC’s standard that ≥50% of cases with newly diagnosed HIV have 

a specimen collected for sequencing within 3 months and reported within 12 months 

following diagnosis (CDC and CSTE, 2015). Specimen collection occurred within 3 months 

of diagnosis for approximately two-thirds of Maryland cases with a specimen (CDC and 

CSTE, 2015). Only 13.8% of the cases lacking sequence data also lacked both CD4 and VL, 

suggesting that failure to engage in care does not explain the majority of missing sequence 

data.
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Despite differences in sequence ascertainment by age and transmission category on 

univariate analysis, these differences did not persist in our multivariable model. On 

multivariate analysis, residents of Maryland’s Central Region (Baltimore City and Baltimore 

County) were more likely to have a sequence ascertained than residents of other regions, 

especially when initial CD4 count was ≤500 cells/mm3. This finding cannot be explained by 

regional differences in age distribution, racial/ethnic composition, or transmission 

categories. These differences might reflect variations in provider practices in DRT or 

reporting in different regions of the state and for patients with different initial CD4 counts. 

Another recent study found that approximately one-third of persons living with HIV in 2013 

were not receiving DRT at entry to care as recommended since 2007 (Panel on Antiretroviral 

Guidelines for Adults and Adolescents, 2007) and in some jurisdictions were less likely to 

receive it at entry to care if initial CD4 counts were ≥500 cells/mm3 (Dasgupta et al., 2017). 

Most persons with HIV infection in Maryland’s MHS system who live outside the Central 

Region live close to Washington, DC and northern Virginia. Sequencing performed in those 

jurisdictions might not be reported to Maryland, resulting in lower ascertainment outside the 

Central Region. However, recent data exchanges with Virginia and Washington, DC health 

departments revealed that <3% of cases with sequences were identified via this mechanism.

We also found higher sequence ascertainment for cases born in the United States, compared 

with foreign-born persons. Evidence shows that foreign- born persons are less likely to have 

insurance (Grieco, 2004; Ku, 2009; Thamer, Richard, Casebeer, & Ray, 1997) and have 

lower rates of health care utilization (Ku, 2009), which might result in lower DRT. 

Additionally, foreign-born cases might have earlier, unreported out-of-country HIV 

diagnoses that are not reflected in this surveillance system, and, therefore might be 

misclassified as a new diagnosis.

Prior to 2007, guidelines recommended DRT immediately before initiation of ART, resulting 

in a close temporal association between the two. Because guidance changes might take time 

to penetrate clinical practice, one might expect disparities in DRT (and thus in sequence 

ascertainment) that are similar to those observed for rates of filled ART prescriptions or 

retention in care. Previous studies covering similar periods as this evaluation have shown 

higher rates of retention in care among women, whites, persons ≥50 years and MSM (Yehia 

et al., 2012); lower rates of retention in care among blacks (Dasgupta, Oster, Li, & Hall, 

2016) and higher rates of filled ART prescriptions among whites, men and persons ≥55 

years (Horberg, Hurley, Klein et al., 2015). In contrast to these studies, however, our 

evaluation did not identify differences in sequence ascertainment by age, sex or transmission 

category after adjusting for other covariates. One previous study did observe lower rates of 

retention in care for patients with initial CD4 counts >500 cells/mm3 (Yehia et al., 2012), 

similar to our finding that cases with higher initial CD4 counts residing outside Maryland’s 

Central Region had lower odds of having a sequence ascertained.

Some components of the HIV care continuum, such as linkage to and retention in care, 

measurement of CD4 counts and VL and rates of filled ART prescriptions, are used as 

indicators of the quality of care for persons living with HIV (Althoff et al., 2014; Horberg, 

Hurley, Towner et al., 2011; Valdiserri, Forsyth, Yakovchenko, & Koh, 2013). Given 

incentives for providers to demonstrate high-quality care, data for these variables are well 
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documented and available for study. In contrast, DRT has not often been used as an 

indicator, which might, in part, explain why less is known about persons receiving DRT or 

timing of DRT. More recently, however, researchers have started to examine DRT patterns. 

While we did not demonstrate differences by transmission categories, Dasgupta et al. found 

that male PWID were less likely to receive DRT compared to MSM (2017).

This evaluation was subject to several limitations. During 2011–2013, one large academic 

center (in Maryland’s Central Region) that performs HIV DRT had not established 

electronic laboratory reporting. A review of reports to MHS for June-December 2017 

showed that 8.2% of sequences came from this lab,. suggesting that their lack of reporting 

during 2011–2013 resulted in missing data. Additionally, in March 2012, HHS 

recommended starting ART for all persons living with HIV, regardless of CD4 count (Panel 

on Antiretroviral Guidelines for Adults and Adolescents, 2012). Thus provider practices 

regarding the timing of DRT during the analysis period might not reflect current practices. 

Finally, insufficient funding during 2011–2012 might have reduced MDH’s capacity to 

collect and analyze data, even if providers were routinely ordering DRT.

In summary, during 2011–2013, HIV nucleotide sequence ascertainment was low in 

Maryland, particularly among foreign-born persons and those with higher CD4 counts who 

live outside the Central Region. Interventions to increase DRT in these populations 

(particularly at entry to care) and sequence reporting might improve data completeness. 

Interventions might include social media or educational campaigns targeting patients and 

providers at Federally Qualified Health Centers where foreign-born persons are more likely 

to receive care or provision of resources to improve electronic laboratory reporting. 

Increased data linkage and sharing with neighboring jurisdictions might improve reporting 

for out-of-state care. Additionally, DRT use as a quality indicator for reimbursement might 

incentivize provider ordering and provider and laboratory reporting. Resulting improvements 

in sequence ascertainment can increase understanding of drug resistance and HIV 

transmission patterns and might ultimately lead to reduced HIV transmission.
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Figure 1. 
HIV sequence ascertainment timeline of events in the MHS system. Sequences might not be 

ascertained by the system due to patient- or provider-level factors that prevent patients from 

having DRT ordered or collected, such as loss to follow-up after diagnosis or tests not being 

ordered at entry to medical care. Surveillance system factors, such as ordered sequences not 

being reported to the system, might also lead to missing sequence data.
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Figure 2. 
Maryland counties by region.
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Table 1.

Demographic and clinical characteristics of Maryland HIV cases newly diagnosed during 2011–2013.

n (%)
Total N = 4423

Year of HIV diagnosis

2011 1502 (34.0)

2012 1485 (33.6)

2013 1436 (32.5)

Sex at birth

Male 3144 (71.1)

Female 1279 (28.9)

Race/ethnicity

White 628 (14.2)

American Indian/Alaska Native 7 (0.2)

Asian 50 (1.1)

Black/African American 3309 (74.8)

Hispanic ethnicity 275 (6.2)

Native Hawaiian/Pacific Islander 0 (0)

Multiple races 154 (3.5)

Age (years) at HIV diagnosis

13–19 200 (4.5)

20–29 1332 (30.1)

30–39 960 (21.7)

40–49 1005 (22.7)

≥50 926 (20.9)

Transmission category

Persons who inject drugs 189 (4.3)

Male-to-male sex (MSM) 1488 (33.6)

MSM who inject drugs 34 (0.8)

Heterosexual 1020 (23.1)

None identified/reported 1684 (38.1)

Other 8 (0.2)

CD4 at diagnosis (cells/mm3)

<350 1818 (41.1)

350–500 727 (16.4)

>500 1174 (26.5)

Unknown 704 (15.9)

First viral load (copies/mL)

<1000 748 (16.9)

≥1000 2727 (61.7)

Unknown 948 (21.4)

Region of residence

Central 2189 (49.5)

AIDS Care. Author manuscript; available in PMC 2020 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Brooks et al. Page 13

n (%)
Total N = 4423

Eastern Shore 124 (2.8)

National Capital 1918 (43.4)

Southern 135 (3.1)

Western 57 (1.3)

Place of birth

Foreign-born 355 (8.0)

US-born 3,535 (79.9)

Unknown 533 (12.1)
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Table 3.

Final multivariable logistic regression model with adjusted
a
 odds for sequence ascertainment by demographic 

and clinical characteristics among Maryland HIV cases newly diagnosed during 2011–2013, N = 3267.

Independent variable Adjusted
OR 95% CI

b p-Value

Year of HIV diagnosis

 2011 Ref N/A N/A

 2012 0.9 (0.8–1.1) 0.5

 2013 0.9 (0.7–1.0) 0.1

Age <50 years at diagnosis 1.2 (1.0–1.4) 0.1

Female sex 1.0 (0.9–1.2) 0.8

Black/African American race 1.0 (0.8–1.1) 0.6

Transmission category

 Male-to-male sex (MSM) Ref N/A N/A

 Heterosexual 1.2 (1.0–1.5) 0.1

 Persons who inject drugs (PWID)
c 1.1 (0.8–1.6) 0.5

 None reported/other 0.9 (0.7–1.0) 0.1

Interaction between region of residence and initial CD4 count

 Outside Central Region and CD4 > 500 mm3 Ref N/A N/A

 Outside Central Region and CD4 ≤ 500 mm3 1.8 (1.4–2.3) <0.001

 Inside Central Region and CD4 > 500 mm3 2.0 (1.5–2.6) <0.001

 Inside Central Region and CD4 ≤ 500 mm3 2.4 (1.9–3.1) <0.001

US-born 1.5 (1.1–2.0) 0.004

a
Final model included all variables identified a priori and significant two-way interactions.

b
CI, confidence interval.

c
Includes MSM who inject drugs.
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