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Background. After coronavirus disease 2019 (COVID-19) shelter-in-place (SIP) orders, viral suppression (VS) rates initially
decreased within a safety-net human immunodeficiency virus (HIV) clinic in San Francisco, particularly among people living with
HIV (PLWH) who are experiencing homelessness. We sought to determine if proactive outreach to provide social services, scaling
up of in-person visits, and expansion of housing programs could reverse this decline.

Methods. We assessed VS 24 months before and 13 months after SIP using mixed-effects logistic regression followed by inter-
rupted time series (ITS) analysis to examine changes in the rate of VS per month. Loss to follow-up (LTFU) was assessed via active
clinic tracing.

Results. Data from 1816 patients were included; the median age was 51 years, 12% were female, and 14% were experiencing
unstable housing/homelessness. The adjusted odds of VS increased 1.34 fold following institution of the multicomponent strategies
(95% confidence interval [CI], 1.21-1.46). In the ITS analysis, the odds of VS continuously increased 1.05 fold per month over the
post-intervention period (95% CI, 1.01-1.08). Among PLWH who previously experienced homelessness and successfully received
housing support, the odds of VS were 1.94-fold higher (95% CI, 1.05-3.59). The 1-year LTFU rate was 2.8 per 100 person-years (95%
CI, 2.2-3.5).

Conclusions. 'The VS rate increased following institution of the multicomponent strategies, with a lower LFT'U rate compared
with prior years. Maintaining in-person care for underserved patients, with flexible telemedicine options, along with provision of
social services and permanent expansion of housing programs, will be needed to support VS among underserved populations during

the COVID-19 pandemic.
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The coronavirus disease 2019 (COVID-19) pandemic could
have lasting effects on the human immunodeficiency virus
(HIV) epidemic [1, 2]. Following the shelter-in-place (SIP)
order on 16 March 2020 in San Francisco, California, there
were citywide directives to cancel nonessential services and
divert in-person medical visits to telemedicine visits when
possible. As other jurisdictions followed suit, there was a 60%
drop in ambulatory care volume throughout the United States
[3]. Data on the impact of the COVID-19 pandemic on HIV

Received 12 November 2021; editorial decision 25 February 2022; published online 4 March
2022.

K. A. C.and M. G. served as joint senior authors.

Correspondence: M. A. Spinelli, 995 Potrero Avenue, Ward 84, San Francisco, CA 94110
(matthew.spinelli@ucsf.edu).

Clinical Infectious Diseases® 2022;75(1):947-54

© The Author(s) 2022. Published by Oxford University Press for the Infectious Diseases Society
of America. All rights reserved. For permissions, e-mail: journals.permissions@oup.com.
https://doi.org/10.1093/cid/ciac179

virologic suppression (VS) are mixed [4-16]. In San Francisco,
there was a citywide decrease in VS among all people living
with HIV (PLWH) from 75% in 2019 to 70% in 2020, with VS
rates among PLWH experiencing homelessness decreasing
from 39% to 20% [17]. At San Francisco General Hospital’s
Ward 86 HIV Clinic, a pivot to telemedicine was associated
with worsening VS soon after the SIP order, with dispropor-
tionate impacts among housing-insecure PLWH [18]. Ward 86
is a safety-net clinic that serves approximately 2000 patients
per year who are predominantly uninsured or publicly insured.
PLWH may experience disparities in access to telemedicine
services in the context of a digital divide in which underserved
populations may not have reliable phone/internet access, tech-
nological literacy, or private spaces to perform telemedicine
visits [19].

In response to concerns that the COVID-19 pandemic
would compromise services, the Ward 86 Clinic insti-
tuted multicomponent support strategies to assist patients
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throughout the pandemic, including proactive outreach to
provide food assistance; medication delivery; mental health,
substance use, and housing support services; resumption of
full in-person care availability; and maintenance of a low-
barrier high-intensity drop-in program for PLWH experien-
cing homelessness (the “POP-UP program” [6]). These clinic
programs were bolstered by municipal programs to provide
supportive temporary housing within unused hotel rooms
[20].

In this analysis, we sought to examine the impact of these
multicomponent strategies on VS using both pre- and post-
analysis and interrupted time series (ITS) methodology. Given
citywide worsening of VS, particularly among PLWH experien-
cing homelessness [17], our goal in this analysis was to under-
stand if multicomponent support strategies improved VS after
an initial destabilization [18].

METHODS

We examined VS (<200 copies/mL) trends 2 years prior to
SIP starting from 16 March 2018, with analysis continuing
through 31 March 2021. Visit data and tracing data were avail-
able through 30 June 2021. The active clinic cohort was de-
fined as participants who had at least 2 visits in the 24 months
prior to 16 March 2020 and who also had at least 1 clinic
visit and at least 1 HIV viral load measured in the 6 months
prior to SIP; those deceased prior to SIP were excluded. The
University of California-San Francisco Institutional Review
Board approved this research, with informed consent not re-
quired given the use of previously collected data for quality
improvement efforts.

Description of the Multicomponent Strategies

Beginning 23 March 2020, medical assistants, nurses, clinicians,
or trained volunteers performed outreach in order to systemati-
cally contact patients by phone or during a clinical visit. Patients
were offered referrals to social workers for food insecurity and
mental health, substance use, or housing resources. The initial
wave of outreach was completed by 30 June 2020 and was re-
peated approximately quarterly. Capability for in-person visits
was returned to near full capacity after the first 2 weeks of SIP,
supported by symptom screening, universal masking, use of
personal protective equipment, social distancing measures, and
improved ventilation. A preexisting program for people with
unstable housing and virologic nonsuppression, the POP-UP
program, which includes incentives, drop-in availability, and a
dedicated nurse and social worker, resumed in-person drop-in
visits at this point [6]. People experiencing homelessness at risk
of severe COVID-19 disease were offered SIP hotels beginning
19 March 2020, where access to nurses and clinicians was pro-
vided on site, while additional housing sites were purchased by
the city and turned into permanent supportive housing [20].

Analysis of Change in VS
First, we performed a pre- and post-analysis of the time periods
before and after the multicomponent strategies, adjusting for
sex at birth, age as a continuous variable, race/ethnicity, housing
status assessed at the beginning of SIP (experiencing homeless-
ness/unstable housing vs housed; also assessed at the end of
the analysis period), and the presence of severe mental illness
based on International Classification of Diseases, Tenth Revision,
Clinical Modification (ICD-10) codes [21], using mixed-effects
logistic regression. A random effect was included for the partic-
ipant over multiple laboratory assessments. Factors for which
the association with outcomes differed pre- and post-SIP (in-
teraction P value of < .1) are presented with separate effect esti-
mates by time interval obtained via post-estimation commands.
ITS analysis is a quasi experimental design used to analyze
outcomes at multiple time points before and after an interven-
tion, with changes in slope over time providing the strongest
evidence of intervention impact [22]. For the ITS analysis, we
examined mean VS over multiple month-long time points, 24
months prior to SIP and 13 months after, comparing differences
in the slope over time following a 2-week lag. We used a 2-week
lag to give time for the intervention to take effect because all of
the interventions were initiated during this 2-week period.

Loss to Follow-up

After determining the crude loss to follow-up (LTFU) over the
post-SIP period, we then requested a match of the Ward 86 data
with the San Francisco Department of Public Health (SFDPH)
enhanced HIV/AIDS Reporting System. Individuals with viral
load measurements completed outside of Ward 86 were assumed
retained in care. Finally, for the remaining individuals, active
clinic tracing was performed using active outreach to the partic-
ipant and emergency contacts. Individuals who were known to
be out of care or who could not be located were assumed lost to
follow-up, with censoring at known LFTU or death [23].

Propensity Score Analysis for Pre- and Post-Intervention VS

As an alternate modeling strategy for the viral load outcome, we
constructed a propensity score model to estimate the odds of
having a viral load measured pre- and post-SIP, adjusting for sex
at birth, race/ethnicity, experiencing homelessness or unstable
housing (both vs housed), and the presence of severe mental ill-
ness based on ICD-10 codes, with age and CD4+ count included
via cubic splines. After propensity scores were stratified into
quintiles, we checked for evidence of interaction between the
exposure and propensity scores; balance for key confounders
was examined across these 5 strata (Supplementary Table 1). We
then calculated the marginal odds ratio for viral nonsuppression
using post-estimation commands. To test the robustness of
these findings, we performed an inverse probability weighted
analysis using the same propensity score model (Supplementary
Materials) and a trimmed analysis (Supplementary Figure 1).
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RESULTS

Demographics and Definition of the Active Clinic Cohort

Data from 1816 individuals was included in the analysis
(Supplementary Figure 2). The median age was 51 years with an
interquartile range (IQR) of 41-58, 12% (n = 221) were female sex
at birth, 8% (144) were Asian, 18% (328) were Black, 26% (479)
were Latinx, and 43% (779) were White (Table 1). At the begin-
ning of SIP, 5% (85) were experiencing homelessness, 9% (155)
were unstably housed, and 16% (282) had severe mental illness.
The median most recent CD4+ T-cell count was 505 cells/mm?®
(IQR, 331-727), with 15% (267) of individuals having a CD4+
T-cell count <200 cells/mm?®. The mean VS was 83.4% (95% con-
fidence interval [CI], 82.8%-85.2%) over the 2 years before SIP.

Multicomponent Strategy Reach

Clinic outreach successfully contacted 91% (1661) of the
clinic cohort to proactively offer social services during the in-
itial wave of attempts through June 2020 (Table 2). Following
housing outreach, 79% (67) of PLWH experiencing home-
lessness and 24% (37) of those unstably housed received
permanent housing or a SIP hotel room. Of the 240 PLWH ex-
periencing homelessness or unstable housing, 38% (97) were
part of the POP-UP program, with 10% (24) enrolled after SIP.

HIV Viral Load Outcomes

The adjusted odds of VS increased 1.34 fold following institution
of the post-SIP multicomponent support strategies (adjusted
odds ratio [AOR], 1.34; 95% CI, 1.21-1.46). PLWH who were in
the POP-UP program at any point experienced 1.51-fold higher
odds of VS (95% CI, 1.07-2.11). Among PLWH previously

Table 1. Demographics of the Clinic Sample and Those Lost to Follow-up

Demographic Overall (N = 1816)

Age, median (IQR), years 51 (41-58)
Female sex at birth, n (%) 221 (12)
Race/ethnicity, n (%)
Asian 144 (8)
Black 323 (18)
Latinx 479 (26)
Mixed/Other 91 (5)
White 779 (43)
Housing status, n (%)
Unhoused® 85 (5)
Unstably housed” 155 (9)
Severe mental iliness via International 282 (16)
Classification of Diseases, Tenth Revision,
Clinical Modification, codes, n (%)
CD4+ T-cell count, median (IQR; most 505 (331-727)
recent), cell/mm?®
<200 cell/mm?, n (%) 267 (15)

Abbreviation: IQR, interquartile range.
“Living on the street, in a vehicle, or within a shelter.

PLiving temporarily with friends or family or in a stabilization room.

Table 2. Multicomponent Strategy Reach and Date of Component
Initiation

Proportion

Impacted,
Strategy Date Initiated n (%)
Clinic outreach 23 March 2020 1661 (91)
Resumption of in-person visits 30 March 2020 1816 (100)

Programs for people experiencing housing insecurity or homelessness
(n = 240)

Permanent housing expansion 19 March 2020 36 (15)
Shelterin-place hotel room 19 March 2020 68 (28)
POP-UP program?® Preexisting 73 (30)
POP-UP program?® expansion 30 March 2020 24 (10)

A low-barrier high-intensity drop-in program for people living with human immunodefi-
ciency virus who are experiencing homelessness.

experiencing homelessness or unstable housing who received
permanent housing or a SIP hotel room during the pandemic,
the odds of VS increased 1.94 fold (95% CI, 1.05-3.59). In the
ITS analysis, the rate of VS increased by 1.05 fold per month
continuously following institution of the multicomponent strat-
egies (AOR, 1.05; 95% CI, 1.01-1.08; Figure 1), increasing from
81.4% at the beginning of SIP to 89.8% at the end of the analysis.

Predictors of Virologic Nonsuppression
After
nonsuppression that changed significantly over time following
COVID-19 SIP, we found that age <40 years was associated with
a 2.1-fold higher odds of unsuppressed viral load in the 2 years
prior to SIP (AOR, 2.11; 95% CI, 1.35-3.31), although this dif-
ference was no longer present in the post-SIP period (AOR,
1.30; 95% CI, .80-2.13; Table 3). Similarly, unstable housing
or lack of housing was associated with 7.28-fold higher odds

examining factors associated with virologic

of virologic nonsuppression during the pre-COVID-19 SIP pe-
riod (95% CI, 4.78-11.08), but this attenuated to an AOR of 3.35
during the post-COVID-19 SIP period (95% CI, 2.10-5.32).

HIV Viral Load Monitoring

The mean rate of viral load monitoring decreased by 15%
after the institution of SIP, with partial recovery to prior levels
(Supplementary Figure 3; incidence rate ratio [IRR], 0.85; 95%
CI, .83-.88). Prior to COVID-19 SIP, there were 2.29 viral load
assessments per person-year, which decreased to 1.83 viral load
assessments per person-year. Among PLWH experiencing home-
lessness, the rate of viral load monitoring did not change signifi-
cantly (IRR, 0.92; 95% CI, .82-1.02). Among youth, the rate of viral
load monitoring decreased by 25% (IRR, 0.75; 95% CI, .66-.85).

LTFU

Without surveillance data or in-depth tracing, the rate of
LTFU would have been calculated as 8.7 per 100 person-years
(95% CI, 7.5-9.8). Following the SFDPH surveillance database
match, 105 individuals had laboratory data outside of the clinic,
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Figure 1.

Mean human immunodeficiency virus virologic suppression (<200 copies/mL) per month before and after the shelter-in-place multicomponent support strategies

via interrupted time series. The solid blue line demonstrates the trend of viral suppression from the adjusted mixed-effects model for the pre—~COVID-19 period, with plotted
points representing predicted means +1 standard error. The green dotted lines and points represent the post-COVID-19 period. The raw virologic suppression number and
percent are listed below the graph for each 3-month period. Abbreviation: COVID-19, coronavirus disease 2019.

of whom 81.9% (86) were virologically suppressed. Therefore,
the rate of LTFU was recalculated to be 4.4 per 100 person-years

Table3. Factors Associated With Unsuppressed Human Immunodeficiency
Virus RNA >200 Copies/mL Over the Study Period: 1 April 2018-31 March 2021

Unsuppressed Human
Immunodeficiency Virus RNA,
Adjusted Odds Ratio; 95% P

Factor Confidence Interval Value
Post-COVID-19 SIP 0.75; .68-.82 <.001
Age <40 years® Over Pre-COVID-19 SIP period
2.11; 1.35-3.31 .001
Over Post-COVID-19 SIP period
1.30; .80-2.13 .29
Male vs female sex at birth 1.13; .71-1.78 .61
Race/ethnicity vs White
Asian 0.52; .28-1.01 .08
Black 1.562; .98-2.28 .08
Latinx 1.09; .79-1.56 .65
Mixed/Other 1.18; .59-2.33 .64
Unstable housing/experiencing Over Pre-COVID-19 SIP period
homelessness vs housed”
7.28; 4.78-11.08 <.001
Over Post-COVID-19 SIP period
3.35;2.10-5.32 <.001
Severe mental illness (International 0.97; .66-1.42 .86

Classification of Diseases, Tenth
Revision, Clinical Modification,
codes)

Abbreviations: COVID-19, coronavirus disease 2019; SIF, shelterin-place.

“Statistically significant change over time pre- and post-SIP (interaction P < .05 with the
time interval indicator). For factors that did change during the SIP period, separate point es-
timates show the relationship for that factor over the pre-COVID-19 and the post-COVID-
19 period, obtained using post-estimation commands.

bL'\vmg on the street, in a vehicle, shelter, temporarily with friends or family, or in a stabi-
lization room.

(95% CI, 3.6-5.3). Following chart review/clinic-led tracing of
the 109 remaining individuals, 11 were deceased, an additional
28 were in care elsewhere (133 total), 51 were known to be out
of care, and 19 were unable to be contacted and no informa-
tion was available from clinic data or tracing efforts (Figure
2). After active tracing, the cumulative 1-year LTFU rate (out
of care or unknown status) was 2.8 per 100 person-years (95%
CI, 2.2-3.5), and the mortality rate was 0.44 per 100 person-
years (95% CI, .22-.79). If individuals known to be out of care
were assumed to be virologically nonsuppressed and individ-
uals with viral load data available via the surveillance match
were included, VS at the end of the analysis period would de-
crease from 89.8% to 87.7%, but the increase would remain sta-
tistically significant (P < .001).

Predictors of LTFU Following Tracing and Surveillance Match

Older individuals had lower odds of LTFU, with 21% lower
odds of LTFU for each 10-year increase in age (AOR, 0.79; 95%
CI, .63-.98). Sex at birth, race/ethnicity, housing status, and un-
suppressed viral load >200 copies/mL were not associated with
LTFU (Table 4).

Scheduled and Attended Visits Before and After SIP

Before SIP, the mean number of scheduled visits per person-
year was 7.03 (95% CI, 6.95-7.11), while the number of at-
tended visits was 3.63 per person-year (95% CI, 3.56-3.69;
Supplementary Figure 4). Following SIP, scheduled visits (in-
cluding telephone visits) decreased by 9.1% (95% CI, .89-
.93), with the mean decreasing to 6.41 per person-year (95%
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Figure 2. Retention in care outcomes following surveillance match and clinic tracing.

CI, 6.31-6.51). Attended visits (including telephone visits)
decreased by 14.7% (95% CI, .83-.88) to a mean of 3.10 per
person-year. The median number of days between visits was
62 pre-SIP (IQR, 29-98) and 63 post-SIP (IQR, 28-112). No
known cases of COVID-19 were traced to contact within the
clinic, either among staff or patients.

The proportion of attended telephone (nonvideo) visits
to total attended visits was 64.9% in April 2020, the first full
month when they were first offered as billable visits, and de-
creased to a minimum of 10.1% at the end of the analysis pe-
riod (P < .001; Figure 3). Predictors of attending a telephone
visit after SIP included having a suppressed viral load (adjusted
rate ratio [ARR], 1.65; 95% CI, 1.33-2.03), while being non-
White was associated with a decreased rate of telephone visit
attendance (ARR, 0.77; 95% CI, .68-.86), as was experiencing
homelessness/unstable housing (ARR, 0.50; 95% CI, .40-.61).

Propensity Score Sensitivity Analysis

In the alternate modeling strategy using propensity scores, the
association between the post-SIP period and higher VS changed
minimally (AOR, 1.30; 95% CI, 1.16-1.45). The inverse proba-
bility weighted analysis yielded results similar to those of the
other 2 strategies (AOR, 1.31; 95% CI, 1.17-1.46).

DISCUSSION

After an initial destabilization after COVID-19 SIP orders [18],
VS rates in a large municipal safety-net clinic increased more
rapidly than in the previous 2 years following the institution of
multicomponent strategies to support the health of PLWH fol-
lowing COVID-19 SIP. Furthermore, disparities among PLWH
experiencing homelessness/unstable housing and young PLWH
narrowed over this time period. The sustained increase in VS
rates and decrease in disparities by housing status at the Ward

Table 4. Factors Associated With Loss to Follow-up After Coronavirus Disease 2019 Shelter-in-Place Order

Factor Loss to Follow-up; Adjusted Odds Ratio; 95% Confidence Interval PValue
Age per 10 years 0.79; .63-.98 .03
Male vs female sex at birth 1.09; .51-2.32 .82
Race/ethnicity vs White

Asian 0.94; .35-2.50 91

Black 1.10; .56-2.16 .78

Latinx 1.16; .65-2.07 .62
Unstable housing or experiencing homelessness?® 1.28; .66-3.22 42
Unsuppressed human immunodeficiency virus RNA >200 copies/mL 1.18; .68-2.06 .56

“Living on the street, in a vehicle, shelter, temporarily with friends or family, or in a stabilization room.
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Figure 3. Attended in-person vs telephone visits per month before and after the shelter-in-place order. Abbreviation: COVID-19, coronavirus disease 2019.

86 HIV Clinic are notable given decreased VS citywide in 2020,
with VS rates among homeless PLWH decreasing from 39%
to 20% in San Francisco [17]. Furthermore, the LTFU rate re-
mained similar or lower compared with prior years after ac-
tive tracing and a surveillance match were performed [23].
Although the number of viral load assessments and attended
visits decreased dramatically after SIP, there was partial re-
covery thereafter. Telephone visits, while initially accounting
for the majority of attended visits in April 2020 at Ward 86, de-
creased to 10% of attended visits by the end of the analysis pe-
riod, echoing analyses elsewhere [12].

Potential differential impacts of the multicomponent strat-
egies on young PLWH may be related to added convenience
of a telemedicine option for HIV care delivery. In a prior anal-
ysis, we found that young PLWH had fewer no-shows immedi-
ately after the institution of telemedicine [18], as has been seen
in an analysis among PLWH receiving video visits in Seattle,
Washington, during COVID-19 [12]. Alternatively, given
greater LTFU among young individuals, it is possible that cer-
tain young PLWH did not present for follow-up assessments,
and this was incompletely adjusted for in models.

Programs targeted toward PLWH experiencing homeless-
ness, including housing within SIP hotels [20], and expan-
sion of housing outreach support in concert with a preexisting
multicomponent program for people with unstable housing
and virologic nonsuppression (the Ward 86 POP-UP program
[6]), likely contributed to the narrowing of disparities among
homeless PLWH. Housing status is a strong predictor of VS and
future mortality among PLWH [24-26], with housing interven-
tions shown to improve disparities [25, 27]. Among individuals
who received permanent housing or housing within a SIP hotel,
VS increased most dramatically. Anecdotally, some patients

initiated antiretroviral therapy for the first time in their lives
as a result. San Francisco plans to extend SIP hotels through
September 2022 and has committed to providing offers of per-
manent housing to individuals currently staying in SIP hotels.
Increases in supportive housing [28] and targeted programs
that seek to meet the unique needs of housing-insecure PLWH,
including outreach, in-person drop-in availability, and incen-
tives [29], will likely be needed to make further gains.

Although telemedicine had high uptake initially, its use de-
clined significantly to 10% at the end of the analysis period.
Although telemedicine provides an important care option for
PLWH not impacted by the digital divide, it could have lim-
ited impact on narrowing disparities among some underserved
populations without additional cointerventions, such as provi-
sion of phones, computers, internet access, and private spaces,
as well as technological literacy interventions [19]. Additional
research is needed to understand the populations for whom
telemedicine is beneficial, particularly given that non-White,
unstably housed, and unsuppressed PLWH had a lower rate of
telephone visit attendance. The risks of in-person visits should
be balanced against the importance of providing continued
access to clinic medical services and social services to under-
served populations.

Although initial calculations suggested a high LTFU rate, a
public health surveillance database match and active tracing re-
sulted in a LTFU rate of approximately 3 per 100 person-years,
similar to or lower than those found in prior analyses [23].
Future analyses should acknowledge that LTFU estimates using
internal administrative data are likely overestimates, although
active tracing is time-consuming and surveillance databases
may not be available in all jurisdictions. Proactive outreach may
also have contributed to a relatively low LTFU rate.
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There are several limitations to this analysis. As there was
no contemporaneous control group or randomization, contin-
uous improvements in VS could be related to outside factors,
such as fear of greater susceptibility to COVID-19 motivating
better medication adherence and other health behaviors [30].
Although the rate of virologic monitoring was somewhat
lower in the post-SIP period among the entire patient popula-
tion, we sought to account for this using maximum likelihood
estimation approaches, which account for missingness in the
outcome in a similar fashion to multiple imputation [31].
Furthermore, there was no difference in the rate of virologic
monitoring among PLWH experiencing homelessness or un-
stable housing over time, the subgroup with the greatest gains
in VS. Given that VS and the rate of virologic monitoring
decreased citywide during this time period, with worsening
disparities by housing status, the improvement in VS in this
large safety-net clinic is unlikely to be related solely to sec-
ular trends [17]. We sought to address potential confounding
by using various methods, with qualitatively similar results
obtained by pre- and post-inverse probability weighting and
ITS analyses. However, it remains possible that residual, un-
measured confounding impacted these findings, particularly
given that we were limited to predominantly electronic med-
ical record-measured covariates. The post-COVID-19 time
period examined is relatively short, so it is possible that gains
may plateau at later time points. The electronic medical re-
cord also did not provide information on gender identity,
limiting the ability to explore impacts on transgender popu-
lations. Although subgroups were explored, we cannot defini-
tively identify mechanisms of the multicomponent strategies’
impact or which components were particularly impactful.
Qualitative research is planned to further explore the mech-
anisms of these findings.

In conclusion, despite initial declines in VS at a large mu-
nicipal HIV clinic following COVID-19 SIP [18], institution of
multicomponent support strategies that included proactive out-
reach for linkage to social services, maintenance of in-person
visits, availability of drop-in care while maintaining telemedi-
cine access, and programs targeted toward the needs of unstably
housed PLWH was associated with sustained increases in VS.
This increase continued for more than a year following the onset
of the multicomponent support strategies at the clinic, despite
concomitant decreases in VS citywide. Expansion of telemedi-
cine and housing resources and promotion of social services via
proactive outreach, while maintaining full access to in-person
services, are needed to support HIV outcomes among under-
served populations during the COVID-19 pandemic.

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.

Notes

Financial support. This work was funded by the National Institutes
of Health, National Institute of Allergy and Infectious Diseases (NIH/
NIAID RO1AI158013 to M. A. S., M. G,, K. A. C,, M. O. J; NIH/NIAID
R24A1067039 to K. A. C.; NIH/NIAID P30AI1027763 to M. G.; and NIAID
T32 5T32A1060530 to M. D. H.).

Potential conflicts of interest. K. A. C. reports investigator-initiated grant
support from Gilead Sciences, participation on a Gilead Sciences medical
advisory board, personal fees from Gilead Sciences, and funding from the
NIH outside the submitted work. D. V. G. reports personal fees from Gilead
Sciences and NIH/National Institute of Mental Health (NIAID) outside the
submitted work. M. O. J. reports consulting fees from Office of HIV/AIDS
Network Coordination (HANC) Consultancy, Adolescent Trials Network
Safety Monitoring Committee (ATN SMC) membership, paid participa-
tion on a data safety monitory board or advisory board for ATN SMC, and
funding from the NTH. J. P. ]. reports a grant from the NIH. M. A. S. reports
grants or contracts from the NTH/NIMH outside the submitted work, con-
sulting fees for membership on the clinical management committee for HIV
Prevention Trials Network 083 paid by Family Health International 360,
and payment from DKBmed for Johns Hopkins electronic HIV Continuing
Medical Education Review. M. G. reports grants or contracts from the NIH/
NIAID outside the submitted work. D. H. reports grants from the NIH out-
side the submitted work. S. P. B. reports funding from the NIH during con-
duct of the study. All other authors report no potential conflicts. All authors
have submitted the ICMJE Form for Disclosure of Potential Conflicts of
Interest. Conflicts that the editors consider relevant to the content of the
manuscript have been disclosed.

References

1. Mitchell KM, Dimitrov D, Silhol R, et al. The potential effect of COVID-19-
related disruptions on HIV incidence and HIV-related mortality among men who
have sex with men in the USA: a modelling study. Lancet HIV 2021; 8:e206-15.

2. Jewell BL, Mudimu E, Stover J, et al. Potential effects of disruption to HIV pro-
grammes in sub-Saharan Africa caused by COVID-19: results from multiple
mathematical models. Lancet HIV 2020; 7:¢629-40.

3. Mehrotra A, Chernew M, Linetsky D, Hatch H, Cutler D. The impact of
the COVID-19 pandemic on outpatient visits: a rebound emerges. The
Commonwealth Fund. Available at: https://www.commonwealthfund.org/publi-
cations/2020/apr/impact-covid-19-outpatient-visits. Accessed 10 June 2020.

4. Budak JZ, Scott JD, Dhanireddy S, Wood BR. The impact of COVID-19 on HIV
care provided via telemedicine-past, present, and future. Curr HIV/AIDS Rep
2021; 18:98-104.

5. Fadul N, Regan N, Kaddoura L, Swindells S. A Midwestern academic HIV clinic
operation during the COVID-19 pandemic: implementation strategy and prelim-
inary outcomes. J Int Assoc Provid AIDS Care 2021; 20:23259582211041423.

6. Hickey MD, Imbert E, Glidden DV, et al. Viral suppression during COVID-19
among people with HIV experiencing homelessness in a low-barrier clinic-based
program. AIDS 2021; 35:517-9.

7. Izzo I, Carriero C, Gardini G, et al. Impact of COVID-19 pandemic on HIV vi-
remia: a single-center cohort study in northern Italy. AIDS Res Ther 2021; 18:31.

8. Latini A, Dona MG, Giuliani M, et al. Short communication: HIV viral load
trends during the coronavirus disease 2019 pandemic in a reference center for
HIV in Rome, Italy. AIDS Res Hum Retroviruses 2021; 37:624-6.

9. Rogers BG, Coats CS, Adams E, et al. Development of telemedicine infrastructure
at an LGBTQ+ clinic to support HIV prevention and care in response to COVID-
19, Providence, RI. AIDS Behav 2020; 24:2743-7.

10. Sorbera M, Fischetti B, Khaimova R, Niewinski M, Wen K. Evaluation of virologic
suppression rates during the COVID-19 pandemic with outpatient interdiscipli-
nary HIV care. ] Am Coll Clin Pharm 2021; 4:964-8.

11. Weerasuria M, Ko C, Ehm A, et al. The impact of the COVID-19 pandemic on
people living with HIV in Victoria, Australia. AIDS Res Hum Retroviruses 2021;
37:322-8.

12. Wood BR, Lan KE, Tao Y, et al. Visit trends and factors associated with telemed-
icine uptake among persons with HIV during the COVID-19 pandemic. Open
Forum Infect Dis 2021; 8:0fab480.

13. Giacomelli A, Bonazzetti C, Conti F, et al. Brief report: impact of the COVID-19
pandemic on virological suppression in people living with HIV attending a large
Italian HIV clinic. ] Acquir Immune Defic Syndr 2021; 88:299-304.

14. Pierone G Jr, Fusco JS, Brunet L, et al. The impact of the COVID-19 pandemic on
clinical follow-up, monitoring and regimen discontinuation for people living with
HIV in the US. In: IDWeek, 29 September-3 October 2021. Abstract 886.

Strategies for HIV Virologic Suppression « CID 2022:75 (1 July) « €953


https://www.commonwealthfund.org/publications/2020/apr/impact-covid-19-outpatient-visits
https://www.commonwealthfund.org/publications/2020/apr/impact-covid-19-outpatient-visits

15.

16.

17.

18.

19.

20.

21.

22.

Wolfe K. “Lives are on the line”: advocates call on SF to keep hotels open
for unhoused residents. KQED Radio. Available at: https://www.kqed.org/
news/11887851/lives-are-on-the-line-advocates-call-on-sf-to-keep-hotels-open-
for-homeless-residents. Accessed 1 October 2021.

Galaviz KI, Shah S, Gutierrez M, et al. Patient experiences with telemedicine for
HIV care during the first COVID-19 wave in Atlanta, Georgia. AIDS Res Hum
Retroviruses 2021; doi: 10.1089/aid.2021.0109.

San Francisco HIV epidemiology annual report 2020. San Francisco Department
of Public Health. Available at: https://www.sfdph.org/dph/files/reports/
RptsHIVAIDS/AnnualReport2020-Purple_20210817Web.pdf. ~ Accessed 1
October 2021.

Spinelli MA, Hickey MD, Glidden DV, et al. Viral suppression rates in a safety-
net HIV clinic in San Francisco destabilized during COVID-19. AIDS 2020;
34:2328-31.

Wood BR, Young JD, Abdel-Massih RC, et al. Advancing digital health equity: a
policy paper of the Infectious Diseases Society of America and the HIV Medicine
Association. Clin Infect Dis 2021; 72:913-9.

Fuchs JD, Carter HC, Evans J, et al. Assessment of a hotel-based COVID-19 isola-
tion and quarantine strategy for persons experiencing homelessness. JAMA Netw
Open 2021; 4:€210490.

Mangurian C, Schillinger D, Newcomer JW, et al. Comorbid diabetes and severe
mental illness: outcomes in an integrated health care delivery system. ] Gen Intern
Med 2020; 35:160-6.

Kontopantelis E, Doran T, Springate DA, Buchan I, Reeves D. Regression based
quasi-experimental approach when randomisation is not an option: interrupted
time series analysis. BMJ 2015; 350:h2750.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Christopoulos KA, Scheer S, Steward WT, et al. Examining clinic-based and
public health approaches to ascertainment of HIV care status. ] Acquir Immune
Defic Syndr 2015; 69(Suppl 1):S56-62.

Khanijow K, Hirozawa A, Ancock B, Hsu LC, Bamberger ], Schwarcz SK.
Difference in survival between housed and homeless individuals with HIV, San
Francisco, 2002-2011. ] Health Care Poor Underserved 2015; 26:1005-18.
Schwarcz SK, Hsu LC, Vittinghoff E, Vu A, Bamberger JD, Katz MH. Impact of
housing on the survival of persons with AIDS. BMC Public Health 2009; 9:220.
Spinelli MA, Hessol NA, Schwarcz S, et al. Homelessness at diagnosis is associ-
ated with death among people with HIV in a population-based study of a US city.
AIDS 2019; 33:1789-94.

Buchanan D, Kee R, Sadowski LS, Garcia D. The health impact of supportive
housing for HIV-positive homeless patients: a randomized controlled trial. Am J
Public Health 2009; 99:5675-80.

Riley ED, Hickey MD, Imbert E, Clemenzi-Allen AA, Gandhi M. Coronavirus
disease 2019 (COVID-19) and HIV spotlight the United States imperative for per-
manent affordable housing. Clin Infect Dis 2020; 72:2042-3.

Imbert E, Hickey MD, Clemenzi-Allen A, et al. Evaluation of the POP-UP pro-
gramme: a multicomponent model of care for people living with HIV with home-
lessness or unstable housing. AIDS 2021; 35:1241-6.

Spinelli MA, Lynch KL, Yun C, et al. SARS-CoV-2 seroprevalence, and IgG concen-
tration and pseudovirus neutralising antibody titres after infection, compared by HIV
status: a matched case-control observational study. Lancet HIV 2021; 8:e334-41.

von Hippel PT. New confidence intervals and bias comparisons show that max-
imum likelihood can beat multiple imputation in small samples. Struct Equ
Model 2016; 23:422-37.

€954 o« CID 2022:75 (1 July) « Spinelli et al


https://www.kqed.org/news/11887851/lives-are-on-the-line-advocates-call-on-sf-to-keep-hotels-open-for-homeless-residents
https://www.kqed.org/news/11887851/lives-are-on-the-line-advocates-call-on-sf-to-keep-hotels-open-for-homeless-residents
https://www.kqed.org/news/11887851/lives-are-on-the-line-advocates-call-on-sf-to-keep-hotels-open-for-homeless-residents
https://doi.org/10.1089/aid.2021.0109
https://www.sfdph.org/dph/files/reports/RptsHIVAIDS/AnnualReport2020-Purple_20210817Web.pdf
https://www.sfdph.org/dph/files/reports/RptsHIVAIDS/AnnualReport2020-Purple_20210817Web.pdf

