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We examined changes in the proportion of people with human 
immunodeficiency virus (PWH) with virologic suppression (VS) 
in a multisite US cohort before and since the coronavirus disease 
2019 (COVID-19) pandemic. Overall, prior gains in VS slowed 
during COVID-19, with disproportionate impacts on Black 
PWH and PWH who inject drugs.
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Clinical and psychosocial impacts of the coronavirus disease 2019 
(COVID-19) pandemic could compromise past progress toward 
meeting the US Ending the HIV Epidemic (EHE) goals [1, 2]. 
Following the shelter-in-place orders in early 2020, there was a 
60% drop in ambulatory care volume throughout the United 
States [3]. A transition to increased use of telemedicine to provide 
human immunodeficiency virus (HIV) care limited access to in- 
clinic support services, and community HIV programs transi-
tioned to remote provision of many services, which may have lim-
ited access for some patients [4]. Although care volume has since 

partially or fully recovered in most clinics, many community or-
ganizations have experienced staffing and funding shortfalls, with 
HIV-specific resources diverted during this time to support 
pandemic-related activities [1]. Furthermore, the psychosocial 
impacts of the pandemic may have impacted the ability of people 
with HIV (PWH) to remain engaged in HIV care and adherent to 
HIV medicine, particularly given reports of worsening substance 
use severity, loneliness, and mental health symptoms among 
PWH during the pandemic [5]. Data on the pandemic’s impact 
on HIV virologic suppression (VS) in large multisite US cohorts, 
however, have been limited to date [6].

METHODS

Data were drawn from participating Center for AIDS Research 
Network of Integrated Clinical Systems (CNICS) sites from 
1 January 2018 to 1 January 2022. CNICS is a prospective 
observational cohort study of PWH in routine clinical care 
at academic institutions throughout the United States 
[7]; sites in Boston, Massachusetts; Baltimore, Maryland; 
Birmingham, Alabama; Cleveland, Ohio; San Diego, California; 
San Francisco, California; Chapel Hill, North Carolina; and 
Seattle, Washington, contribute electronic medical record data 
to this study. For these analyses, the active clinic cohort was de-
fined as participants who had at least 2 visits in the 24 months prior 
to 21 March 2020 and who also had at least 1 clinic visit and at 
least 1 HIV viral load (VL) measured in the 1 year prior to 
shelter-in-place orders. We assessed VS (<200 copies/mL) trajec-
tories, comparing trends before and after 21 March 2020 across 8 
HIV clinics within CNICS.

Analysis of Change in Virologic Suppression

Interrupted time series (ITS) analyses are a quasi-experimental 
design that is used to analyze outcomes at multiple time points 
before and after an intervention, with changes in slope over 
time providing the strongest evidence of intervention impact 
[8]. Mixed-effects logistic regression and ITS analyses exam-
ined changes in the trend (ie, slope) of VS over time, and max-
imum likelihood estimation was used to account for missing 
VS data among those lost to follow-up (LTFU) post-shelter 
in place. Analyses were adjusted for age, race/ethnicity, sex at 
birth, Centers for Disease Control and Prevention (CDC) 
transmission group (men who have sex with men [MSM], 
people who inject drugs [PWID], MSM/PWID, heterosexuals, 
other/unknown), CD4 nadir, and time on antiretroviral thera-
py (ART). Random effects for the CNICS site and participant 
were included over multiple assessments. Unstable housing 
was examined in separate models, adjusting for the same fac-
tors given that housing status was available only within a subset 
of the cohort. We tested for evidence of interaction between key 
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factors (ie, race/ethnicity, history of injection drug use per CDC 
transmission group) for which the association with outcomes 
differed pre–/post–shelter-in-place orders (interaction P value 
of <.1) and present separate estimates for these subgroups.

As part of an alternate modeling strategy for VS, we first 
constructed a propensity score model to estimate the odds of 
having a VL measured pre- and post-shelter-in-place orders, 
adjusting for sex at birth, race/ethnicity, CDC transmission 
group, CD4 nadir < 200 cells/mm3, time on ART, with age 
and CD4+ count included via cubic splines (Supplementary 
Material). We then performed an inverse probability-weighted 
analysis to examine changes in VS trajectories weighted by the 
probability of having a VL checked in the post–COVID-19 pe-
riod (Supplementary Material). LTFU was defined as not hav-
ing any VL monitoring following shelter-in-place orders. 
Logistic regression was performed and adjusted for the same 
factors as the primary model to assess predictors of LTFU.

RESULTS

Demographics and Definition of the Active Clinic Cohort

Data from 17 999 participants were included and observed 
for 66 221 person-years, providing 120 918 VS assessments. 

The median age was 53 years (interquartile range, 42–61); 
19% were female sex at birth; 44% identified as Black/African 
American; the mean time on ART was 9.5 years; 9% had a his-
tory of injection drug use; 18% were unsuppressed at any point; 
and 16% were LTFU (Supplementary Table).

HIV Viral Load Outcomes

Among the overall population, prior gains in VS slowed and 
leveled off during the COVID-19 pandemic (adjusted odds ratio 
[AOR], 0.92 per quarter-year; 95% confidence interval [CI], 
.88–.96; P = .004; Figure 1A), with VS remaining unchanged 
after the pandemic (86%), after increasing from 81% to 86% 
in the pre-pandemic period. Mean monthly VS (ie, raw data) 
is compared to the adjusted analysis in Figure 1B, and findings 
were similar to those in the unadjusted analysis (AOR, 0.92; 95% 
CI, .88–.97; P = .001). Greater impacts occurred among persons 
with a history of injection drug use (PWID; AOR, 0.77; 95% CI, 
.66–.90; P = .001; test of interaction, P = .01) and among Black 
PWH (AOR, 0.90; 95% CI, .84–.96; P = .001; test of interaction, 
P = .056) in whom prior positive VS trends reversed, with VS 
decreasing in the post–COVID-19 period (Figure 1C, 1D). VS 
remained lower among those with history of unstable housing 

Figure 1. Virologic suppression (VS) before and after coronavirus disease 2019 (COVID-19) SIP orders. A, The difference in the slope for VS (viral load < 200 copies/mL) 
before and after COVID-19 SIP orders for the overall population. The horizontal solid line represents the pre–SIP period, and the horizontal dotted line represents post-SIP 
period. The 2 periods are separated by the dotted, vertical line. B, The overall model and the raw, mean VS each month before SIP orders (additional solid line) and after SIP 
orders (additional dotted line). C, The adjusted model for the subset of the population who are people who inject drugs. D, The adjusted model for the subset of the population 
who are Black people with HIV. Abbreviations: HIV, human immunodeficiency virus; SIP, shelter in place.
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(AOR, 0.44; 95% CI, .40–.50; P < .001) but stayed unchanged 
from the pre-pandemic period.

LTFU

The only significant predictor of LTFU in the post–COVID-19 
period was a history of injection drug use (AOR, 1.34; 95% CI, 
1.17–1.54; P < .001).

Propensity Score Sensitivity Analysis

In the alternate modeling strategy using inverse probability 
weighting to observations by the probability of having a VL 
checked in the post–COVID-19 period, the comparison of 
VS slopes was similar (AOR, 0.95; 95% CI, .92–.99; P = .02), 
with minimal impact on results when performing a trimmed 
analysis within the region of overlap of propensity scores 
(Supplementary Material, Supplementary Figure).

DISCUSSION

Previous gains in VS slowed during the COVID-19 pandemic 
among PWH in a multisite network of US HIV clinics. 
Known disparities in VS according to housing status remained 
unchanged during the pandemic, but VS disparities worsened 
for Black PWH as well as PWH with history of injection drug 
use, for whom prior gains in VS reversed and approached 
2018 levels. Potential explanations for these findings include 
socioeconomic impacts of the pandemic, insurance lapses, re-
duction of in-person clinic services, fear of coming to clinics, 
and/or other factors [6]. Urgent investment in countering the 
HIV epidemic will be needed to achieve the US EHE goals.

Worsening disparities in HIV VS among PWH with a history 
of injection drug use may be related to reports of worsening 
substance use severity during this time, increasing mental 
health symptoms and isolation, and decreased access to sub-
stance use disorder treatment and syringe exchange resources, 
with the fentanyl and methamphetamine epidemics continuing 
to exacerbate during this time [9]. To address these disparities, 
it is crucial to improve healthcare access, expand harm reduc-
tion services, and provide targeted support to ensure equitable 
health outcomes. Innovative integrated care models that com-
bine harm reduction resources, substance use treatment, and 
HIV treatment are needed, potentially involving use of inject-
able ART among viremic populations [10].

The worsening of VS disparities among Black PWH during 
the COVID-19 pandemic could be explained by several factors. 
Black individuals, who already experience higher levels of men-
tal health challenges due to systemic racism and socioeconomic 
disparities, may have faced worsened psychological distress 
during the pandemic [11]. Black PWH experienced a dispro-
portionate burden of COVID-19–related deaths, which may 
have increased fear of accessing care sites [12]. Furthermore, 
the pandemic’s impact on already strained healthcare systems 

and resources further exacerbated existing health disparities, 
including among populations who may have relied on social 
services that have not completely recovered since the onset of 
the pandemic. To address these disparities, HIV care systems 
will need to ensure that healthcare services address the needs 
of Black PWH, provide sufficient mental health support, and 
address social determinants of health that perpetuate dispari-
ties. Efforts must be made to prioritize and invest in the health 
needs of PWH experiencing VS disparities, including Black 
PWH and PWID, to mitigate the impact of both the HIV and 
COVID-19 epidemics and future public health crises.

There are several limitations to this analysis. Although some 
individuals were LTFU in the post–shelter-in-place period, we 
sought to account for this using maximum likelihood estima-
tion approaches, which account for missingness in the outcome 
in a similar fashion to multiple imputations [13]. We sought to 
address potential confounding by using various methods, with 
qualitatively similar results obtained by maximum likelihood 
estimation and inverse probability weighting. However, it re-
mains possible that residual, unmeasured confounding impact-
ed the results. As more vulnerable persons are more likely to be 
LTFU, these results may underestimate negative VS trends but 
would not qualitatively impact results.

Renewed investment in HIV public health and clinical services 
will be vital to achieving the US EHE goals following the 
COVID-19 pandemic. Unfortunately, investment in fighting 
the HIV epidemic has remained flat during the COVID-19 
period, with staffing and funding shortfalls in community orga-
nizations unlikely to be reversed quickly. Additional investment 
will be needed to provide targeted interventions for key popula-
tions with persistent disparities to recover VS and avoid worsen-
ing health disparities.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding 
author.
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