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Abstract

Objective: To better characterize the intersection of the HIV and SARS-CoV-2 pandemics,
including our robust statewide panel of people living with HIV, in the State of Delaware.
Methods: We conducted a retrospective descriptive case-series that identified people living with
HIV > 18 years old co-infected with SARS-CoV-2 from 1 March 2020 through 9 March 2021
who attended our ambulatory HIV program, through review of testing results, electronic medical
records and external clinical records. Results: There were 105 confirmed cases of SARS-CoV-2
infection and 4 attributable deaths from COVID-19 among adult people living with HIV from 1
March 2020 through 9 March 2021. Co-infected patients had very high rates of ART prescription
and virologic suppression, with robust CD4 counts. 24/105 (22.9%) SARS-CoV-2 cases were
hospitalized due to COVID-19 and had a significant burden of co-morbidities; a vast majority
were AIDS-defined. Age, BMI >30 kg/m?, cardiovascular disease, chronic kidney disease and
cirrhosis were independently associated with hospitalization by logistic regression. Black
patients appeared to have lower rates of testing and higher rates of hospitalization. Additionally,
those with history of natural immunity to hepatitis B virus exhibited a low rate of hospitalization.
Conclusions: Our cohort data is the first to capture the experience of patients co-infected with
HIV/SARS-CoV-2 in Delaware, demonstrating the risk of long-term immunosuppression and
burden of comorbid disease, even in the setting of virologic suppression. Although not reaching
statistical significance, we identified high rates of resolved hepatitis B virus infection amongst
non-hospitalized co-infected patients and postulate there may be an underlying immunologic
mechanism to this hypothesis-generating observation. Our results also highlight the role that
healthcare disparities have played during these overlapping pandemics. Policy Implications:
Pronounced healthcare disparities are known to worsen outcomes in a variety of disease states.
From our descriptive data, we suggest continued efforts to address the social determinants of
health, especially as they pertain to common chronic comorbid conditions and certain Black
communities.

Background

The intersection of the human immunodeficiency virus (HIV) and severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) pandemics has opened a Pandora’s box of unanswered
questions within medicine. As of this writing, SARS-CoV-2 has infected 210 million individuals
worldwide, including many people living with HIV (PLWH), of whom there are estimated to be
37.9 million individuals at present. Due to the immunosuppressive and inflammatory effects of
HIV, concern has emerged over the possibility of worse outcomes in PLWH affected by
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COVID-19. Worldwide studies have yielded variable associations between HIV and increased
risk of morbidity and mortality from SARS-CoV-2/HIV co-infection when compared to people
without HIV infection.!!? Delaware has been severely affected by overlapping HIV and SARS-
CoV-2 pandemics, including our robust statewide panel of PLWH. We hope to better
characterize this intersection amongst PLWH in Delaware as captured through the first year of
the SARS-CoV-2 pandemic.

Of great concern, the COVID-19 pandemic has disproportionately and more severely affected
communities of color and lower socioeconomic status, both in the United States®*!%1>-15 and
abroad.>!®!7 In similar fashion to non-HIV infected individuals, PLWH with COVID-19 tend to
have at least one high-risk co-morbidity associated with severe disease,>'>!8 including older
age,"!"2% male sex,!®!7 diabetes mellitus type 2 (DM),! 419141721 hypertension

(HTN), 6101415171921 hyperlipidemia (HLD),'* chronic lung disease (CLD),%!%1%2! chronic
kidney disease (CKD),%!” obesity,**!%15 cardiovascular disease (CVD),*!° tobacco use,*!%!! and
chronic liver disease. It is the hope that PLWH, who are adherent to an effective anti-retroviral
treatment (ART) regimen with adequate CD4+ cell count and virologic suppression, incur no
excess morbidity or mortality beyond that imposed by their other comorbid conditions and
demographic risk factors. However, the evidence is not yet definitive in either direction. Here,
we present a cohort of co-infected patients from the ChristianaCare William J. Holloway
Community Program, located at multiple sites in Delaware, with a hope to shed more light on
this question.

Study Population, Setting and Design

The William J. Holloway Community Program serves as the sole Ryan White-funded HIV
clinical program in Delaware. The program cares for 1754 of the state’s 3050 HIV-infected
individuals currently accessing care (57.5%), at six clinical sites: three sites in New Castle
County (with the largest at the Wilmington Hospital campus), two in Kent County and one in
Sussex County. Patients from all clinical sites were eligible for study inclusion. This
retrospective descriptive case-series identified PLWH > 18 years old co-infected with SARS-
CoV-2 from 1 March 2020 through 9 March 2021 who attended any of our ambulatory HIV
programs. Infections were confirmed by documentation of positive SARS-CoV-2
nasopharyngeal polymerase chain reaction (PCR) or reactive SARS-CoV-2 IgG antibody testing
following compatible clinical presentation for COVID-19. Patients were identified during the
study period through review of individual testing results, the ChristianaCare electronic medical
record (EMR) and external inpatient and/or outpatient clinical records. The William J. Holloway
Program is electronically notified in real-time whenever a program-participating patient presents
to a ChristianaCare-affiliated emergency department or is hospitalized within the ChristianaCare
health system. Patients with self-reported SARS-CoV-2 required confirmation of definitive
infection by way of review of all available EMR and external data. Patients for whom SARS-
CoV-2 infection could not be laboratory confirmed were excluded from the study, including
presumptive or probable COVID-19 cases. The study received ChristianaCare Internal Review
Board approval. Utilizing The R Project for Statistical Computing online software environment,
Chi-Square and t-tests compared categorical and continuous variables respectively between
hospitalized and non-hospitalized patients; logistic regression modeling evaluated co-variates
associated with hospitalization.
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Data Collection and Analysis

Pre-defined individual data categories were collected in secure fashion with removal of all
personal identifiers. All chart review and data extraction were completed by two study authors
with the a priori development of all study definitions and terms. To characterize patients co-
infected with HIV/SARS-CoV-2, we collected demographic data, clinical data related to HIV
diagnosis, relevant medical history including co-morbidities, and medication history including
ART, as well as data pertaining to SARS-CoV-2 diagnosis and management. Data of all PLWH
attending the William J Holloway Program was extracted through pre-existing 2020 HIV
CareWare data.

Descriptive data analysis was performed on this case series. Data regarding the general HIV
clinic population is provided for context; however, a case-control study was not undertaken.

Mean values were calculated for non-skewed variables. Attempts were made to uniformly
calculate and present measures of patients co-infected with HIV/SARS-CoV-2 and those
requiring hospitalization across multiple tables.

Results

There were 105 cases of SARS-CoV-2/HIV co-infection with 24 (22.9%) hospitalizations (with
nine of these patients requiring ICU-level care) and four attributable deaths due to COVID-19
among our program’s adult PLWH from 1 March 2020 through 9 March 2021. One hundred four
(104) cases were identified through positive SARS-CoV-2 nasopharyngeal PCR testing. One
case was identified in a patient with a compatible clinical syndrome followed by positive SARS-
CoV-2 IgG antibody testing three months after resolution of symptoms. Baseline demographic
and HIV characteristics of adults co-infected with HIV/SARS-CoV-2 are presented in Table 1.
Overall, the cohort had high rates of ART utilization (95.2%, on predominantly INSTI-based
regimens with TAF-based NRTI backbone), virologic suppression (89.4% with viral load <200
cells/mL) and robust CD4 counts (mean 549 cells/m*) preceding SARS-CoV-2 co-infection.
Sixty-seven percent of co-infected patients were AIDS-defined based on historical nadir CD4
count and/or history of opportunistic infection, and had been living with HIV for a mean of 13
years. Thirty-two percent of all co-infected patients with available data had significant ART
resistance.

Table 1. Baseline Characteristics of HIV/SARS-CoV-2 Co-Infected Patients and HIV Program
Population

(m)(%)
Total 105
Sex, biologic
Male 71 (67.6)
Race
Black 66 (62.9)
White 26 (24.8)
Hispanic 10 (9.5)
Other 329
Mean Age (SD) 50.2 (12.5)
Age Range
18-24 years old 1(1.0)




25-40 years old 22 (21.0)
41-50 years old 23 (21.9)
>6( years old 22 (21.0)
Insurance

None 3(2.9)
Private 41 (39.4)
Public 60 (57.7)
ART Class®

INSTI 75 (75.0)
INSTI + NNRTI 6 (6.0)
INSTI + PI 6 (6.0)
INSTI + PI + NNRTI 2(2.0)
NNRTI 3(3.0)
PI 7(7.0)
PI + EI° 1(1.0)
Mean Years Living with HIV (SD) 13.3(9.3)
HIV Viral Load Range

<200 (copies/mL) 93 (89.4)
200-1000 (copies/mL) 1(1.0)
>1000 (copies/mL) 4 (3.8)
>5000 (copies/mL) 6 (5.8)
Mean CD4 Count (cells/mm?) (SD) 548.9 (257.2)
CD4 Count <200 cells/mm? 10 (9.6)
CD4 Count Nadir Range (cells/mm?)

<50 cells/mm? 20 (19.0)
51-100 cells/mm? 11 (10.5)
101-200 cells/mm? 18 (17.1)
>200 cells/mm? 35(33.3)
CD4 Count Nadir <200 cells/mm? 49 (46.7)
AIDS-Defined 67 (67.0)
HIV ART Resistance ¢ 32 (38.6)
Hepatitis B Infection

Chronic Hepatitis B Infection 8 (7.6)
Resolved Hepatitis B Infection ¢ 15 (14.3)
Hepatitis C Infection

Chronic Hepatitis C Infection 4 (3.8)
Treatment with Cure 9 (8.6)
Spontaneous Clearance 9 (8.6)
Comorbidities

BMI (mean)(SD) 31.4 (8.1)
Cardiovascular Disease (%) 22 (21.0)
Diabetes (%) 21 (20.0)
Hypertension (%) 53 (50.5)
Dyslipidemia (%) 51 (48.6)
Chronic Kidney Disease (%) 16 (15.2)
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Chronic Lung Disease (%) 24 (22.9)
Cirrhosis (%) 7 (6.7)
Hospitalized 24 (22.9)
ICU Admission (%) 9 (13.6)

Note: a = in addition to NRTI backbone (F/TAF in vast majority of patients); b = entry inhibitor,
i.e. maraviroc; ¢ = defined as clinically significant resistance to ART in one or more drug class; d
= either isolated anti-HBc (with negative HBV DNA) or anti-HBc + anti-HBs

Most hospitalized patients were male and Black (Table 2). Hospitalized patients tended to have
less virologic suppression as well as lower proximal and nadir CD4 cell counts, in the setting of
high levels of ART resistance. Notably, 20/24 (87.0%) of hospitalized individuals were
historically AIDS-defined and had been living with HIV for a mean duration of 15.8 years.
Hospitalized versus non-hospitalized co-infected individuals demonstrated statistically
significant differences across multiple variables: mean age (59.0 versus 47.6 years), utilization of
public insurance (82.6% versus 50.6%), mean CD4 count (444 cells/m? versus 579 cells/m?),
nadir CD4 count <200 cells/m? (70.8% versus 39.5%), AIDS-defined status (87.0% versus
61.0%).

Table 2. Historical Immunologic and Virologic Characteristics of HIV/SARS-CoV-2 Co-
Infected Patients

Hospitalized | Not p-Value
(n)(%) Hospitalized
(n)(%)
Total (n) 24 81
Sex, biologic
Male 17 (70.8) 54 (66.7) 0.893
Race 0.265
Black 19 (79.2) 47 (58.0)
White 4 (16.7) 22 (27.2)
Hispanic 1(4.2) 9(11.1)
Other 0(0.0) 33.7)
Mean Age (years) (SD) 59.0 (11.3) 47.6 (11.7) <0.001
Age Range 0.006
18-24 years old 0(0.0) 1(1.2)
25-40 years old 2(8.3) 20 (24.7)
41-50 years old 2(8.3) 21 (25.9)
51-60 years old 9375 28 (34.6)
>60 years old 11 (45.8) 11 (13.6)
Insurance 0.022
None 0 (0.0) 33.7)
Private 4(17.4) 37 (45.7)
Public 19 (82.6) 41 (50.6)
ART Class ? 0.646
INSTI 14 (63.6) 61 (78.2)
INSTI + NNRTI 2(9.1) 4(5.1)
INSTI + PI 1 (4.5) 5(64)
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INSTI + PI + NNRTI 1 (4.5) 1(1.3)

NNRTI 1(4.5) 2(2.6)

PI 3(13.6) 4 (5.1

PI+EI? 0 (0.0) 1(1.3)

Years Living With HIV 15.8 (8.7) 12.6 (9.4) 0.165
(mean)(SD)

HIV Viral Load Range 0.037
<200 (copies/mL) 19 (82.6) 74 (91.4)

200-1000 (copies/mL) 0(0.0) 1(1.2)

>1000 (copies/mL) 0 (0.0) 4(4.9)

>5000 (copies/mL) 4(17.4) 2(2.5)

Mean CD4 Count (SD) 444.3 (243.8) | 578.6 (254.6) 0.026
CD4 Count < 200 cells/mm3 4(17.4) 6(7.4) 0.302
CD4 Count Nadir Range 0.053
(cells/mm3)

<50 cells/mm3 7(29.2) 13 (16.0)

51-100 cells/mm3 5(20.8) 6(7.4)

101-200 cells/mm3 5(20.8) 13 (16.0)

>200 cells/mm3 3 (12.5) 32 (39.5)

CD4 Count Nadir <200 17 (70.8) 32 (39.5) 0.014
cells/mm3

AIDS-Defined 20 (87.0) 47 (61.0) 0.039
ART Resistance © 10 (50.0) 22 (34.9) 0.345
Hepeatitis B Infection 0.417
Chronic Hepatitis B Infection 3(12.5) 5(6.2)

Resolved Hepatitis B Infection ¢ | 2 (8.3) 13 (16.0)

Hepoatitis C Infection = 0.128
Chronic Hepatitis C Infection 2(8.3) 2(2.5)

Treatment with Cure 4 (16.7) 5(6.2)

Spontaneous Clearance 3(12.5) 6(7.4)

Comorbidities

BMI (mean (SD)) 30.6 (8.2) 31.6 (8.1) 0.609
Cardiovascular Disease (%) 14 (58.3) 8(9.9) <0.001
Diabetes (%) 10 (41.7) 11 (13.6) 0.006
Hypertension (%) 17 (70.8) 36 (44.4) 0.041
Dyslipidemia (%) 14 (58.3) 37 (45.7) 0.391
Chronic Kidney Disease (%) 10 (41.7) 6(7.4) <0.001
Chronic Lung Disease (%) 7(29.2) 17 (21.0) 0.575
Cirrhosis (%) 5(20.8) 2 (2.5) 0.007

Note: a = in addition to NRTI backbone (F/TAF in vast majority of patients); b = entry inhibitor,
i.e. maraviroc; ¢ = defined as clinically significant resistance to ART in one or more drug class; d
= either isolated anti-HBc (with negative HBV DNA) or anti-HBc + anti-HBs

Hospitalized co-infected patients also demonstrated a statistically significant higher proportion of
several key comorbid conditions versus their non-hospitalized counterparts including
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cardiovascular disease (58.3% versus 9.9%), diabetes (41.7% versus 13.6%), hypertension
(70.8% versus 44.4%), chronic kidney disease (41.7% versus 7.4%) and cirrhosis (20.8% versus
2.5%). Half of hospitalized patients had known clinically significant ART resistance. Age, BMI
>30 kg/m?, cardiovascular disease, chronic kidney disease and cirrhosis were independently
associated with hospitalization by logistic regression (Table 3).

Table 3. Logistic Regression Model of Hospitalization

Variable Odds 95% Confidence  p-Value
Ratio Intervals
Age 1.12 [1.01;1.23] 0.029
Male sex 0.15 [0.02;1.38] 0.092
Black race 0.86 [0.11;6.63] 0.885
BMI >30 7.36 [0.99;54.79] 0.051
Cardiovascular Disease 26.30 [2.73;253.53] 0.004
Diabetes 1.21 [0.16;8.91] 0.854
Hypertension 0.28 [0.03;2.46] 0.250
Chronic Kidney Disease  44.96 [2.75;735.55] 0.007
Cirrhosis 61.36 [1.81;2081.76] 0.022
AIDS-Defined 0.17 [0.02;1.61] 0.122
INSTI-Based ART 0.79 [0.11;5.51] 0.808
HIV Viral Load <200 0.41 [0.02;7.04] 0.541
Private Insurance 0.45 [0.05;3.95] 0.472

Comparing infection and hospitalization rates across racial and ethnic groups, White co-infected
patients were slightly underrepresented when compared to their share of the overall clinic
population (24.8% versus 30.2% clinic population), but significantly underrepresented in terms
of the proportion that were hospitalized (16.7%). Conversely, Black patients were far more likely
to be hospitalized as compared to White patients (with 79.2% of co-infected Black patients being
hospitalized), while their overall rate of co-infection remained proportional to their share of the
clinic population (62.9% versus 60% clinic population).

In addition to the co-morbidities addressed above, we assessed the hepatitis B status of all
PLWH infected with SARS-CoV-2. While not statistically significant, a lower rate of
hospitalization was seen in individuals with a history of naturally resolved HBV. Amongst those
hospitalized, 2/24 (8.3%) patients had a history of resolved HBV, compared to 13/81 (16%) non-
hospitalized patients.

Discussion and Public Health Implications

Our cohort data is the first to capture the experience of PLWH co-infected with SARS-CoV-2 in
the State of Delaware, during the first year of the COVID-19 pandemic. In keeping with
previously published data, increasing age and the presence of well-defined co-morbidities in the
setting of HIV/SARS-CoV-2 co-infection are independently associated with higher odds of
hospitalization."%11:17-22 Whether HIV itself represents an independent risk factor for severe
COVID-19 remains a matter of debate:"** our study patients” immunologic profiles and HIV-
specific histories (including nadir CD4 count, virologic suppression, AIDS-defined status and
known ART resistance) were not found to be independently associated with hospitalization.
However, from an immunological perspective, we observed that AIDS-defined individuals were
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over-represented amongst PLWH hospitalized with SARS-CoV-2 co-infection, and historical
nadir CD4 counts as well as proximal CD4 counts were lower in hospitalized than non-
hospitalized SARS-CoV-2 cases. These observations, along with high rates of ART resistance
and significant time living with HIV amongst hospitalized patients, altogether buttress the idea
that cumulative lifetime immunosuppression and/or HIV viremia, with the expected associated
changes in the underlying immunologic profiles of these patients, may be associated with higher
rates of progression to severe COVID-19 in PLWH. Recent data further supports this
biologically plausible hypothesis.'!%-222

Furthermore, our data highlight the seeming risk of underlying chronic inflammation that is
either a direct result of HIV itself and/or multi-morbidity.'*!%!72! We hypothesize that this
increased, underlying, chronic inflammation amongst hospitalized co-infected patients may
contribute to a more severe presentation of COVID-19. Although not reaching statistical
significance, we identified high rates of naturally resolved HBV infection amongst non-
hospitalized co-infected patients and postulate there may be an underlying immunologic
mechanism to this hypothesis-generating observation.?**°

Unfortunately, the social determinants of health that so deeply impacted PLWH prior to the
COVID-19 pandemic once again affected our clinic population, with a higher percentage of
Black patients being hospitalized versus their White counterparts. The observation that the rate
of Black patients diagnosed with HIV/SARS-CoV-2 co-infection was similar to that of Black
patients in our general clinic population raises concern for decreased testing in this population,
especially given there are consistently reported increased rates of SARS-CoV-2 infection
amongst other Black communities in the United States.>!%!%1426 The above observations suggest
that Black PLWH in Delaware are testing less frequently for COVID-19 and presenting to care
with more severe disease. Sadly, this picture mirrors the national pattern regarding HIV itself,
with Black patients presenting later to care and with more advanced HIV disease.?’

While our descriptive analysis is potentially suggestive of wider trends, our analysis was limited
by a small sample size, incomplete historical data for some variables, and wide confidence
intervals. While every attempt was made to identify PLWH with SARS-CoV-2 co-infection in
our program population, we certainly did not capture every positive test during the study period.
It is possible that not all our clinic patients were tagged/recognized in the EMR, consequently
preventing us from receiving electronic notification of SARS-CoV-2 infection. There were
instances in which patients reported positive SARS-CoV-2 test results that were unable to be
confirmed, as well as several cases of presumptive COVID-19 diagnoses with either no testing or
negative testing. We also acknowledge that at the start of the pandemic, testing availability was
very limited which resulted in the initial testing of only symptomatic cases. Even as access to
testing has expanded throughout Delaware, there remain many barriers to testing that
disproportionately affect different communities. In summary, the presented confirmed positive
SARS-CoV-2 cases represent our best — albeit imperfect — attempt to capture all cases amongst
our clinic population. Larger studies are needed to further investigate the roles of long-term
immunosuppression and inflammation, burden of comorbidities, and early and late immunologic
responses in COVID-19 outcomes amongst PLWH.
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