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ABSTRACT

There is a desperate search to discover effective therapies against coronavirus disease-2019 (COVID-19). Patients with
human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS) comprise a unique population whose
clinical course may provide insights into the effects of antiretroviral therapy on COVID-19. We describe the case of a
patient with HIV/AIDS on left ventricular assist device support who was hospitalized and recovered from COVID-19.
(Level of Difficulty: Intermediate.) (J Am Coll Cardiol Case Rep 2020;2:1337-41) © 2020 The Authors. Published by
Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

oronavirus disease-2019 (COVID-19) is caused

by the severe acute respiratory syndrome-

coronavirus-2 (SARS-CoV-2), which belongs
to the same family as the severe acute respiratory
syndrome (SARS) and Middle East respiratory syn-
drome coronaviruses. Given the lack of immunity
in the world’s population, the initial outbreak of
SARS-CoV-2 spread quickly through populations
and became a global pandemic. In a desperate search
to discover effective therapies against this new path-

ogen, physicians trialed antimalarials, immune

LEARNING OBJECTIVES

e To describe the presentation of COVID-19 in
a patient with HIV/AIDS on ART supported
with an LVAD.

e To understand the impact of LVAD, ART, and
inflammation on patients with COVID-19.

modulating drugs, and antiretroviral drugs with
varying degrees of success. SARS-CoV-2 is a single-
stranded RNA virus whose genome presents several
potential antiviral targets. These include nonstruc-
tural proteins (e.g., 3-chymotrypsin-like protease,
papain-like protease, RNA-dependent RNA polymer-
ase, and its helicase), structural proteins (e.g., the
capsid spike glycoprotein), and accessory proteins
(1). We present a case of a patient supported by a du-
rable left ventricular assist device (LVAD) with hu-
immunodeficiency (HIV)/acquired
immunodeficiency syndrome (AIDS) on antiretroviral
therapy (ART) and COVID-19.

man virus

HISTORY OF PRESENTATION

A 54-year-old man with HIV/AIDS on ART who
received a HeartMate 3 LVAD as destination therapy
in 2018 experienced 7 days of fever, myalgia, cough
and dyspnea while residing in a nursing facility due
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ABBREVIATIONS
AND ACRONYMS

AIDS = acquired

immunodeficiency syndrome
ART = antiretroviral therapy

COVID-19 = coronavirus

disease-2019

HIV = human immunodeficiency

virus

IL = interleukin

LVAD = left ventricular assist

device

SARS = severe acute
respiratory syndrome

SARS-CoV-2 = severe acute

respiratory syndrome-
coronavirus-2

to lack of stable housing. Prior to hospital
transfer, real-time reverse transcriptase po-
lymerase chain reaction testing from a nasal
swab was positive for SAR-CoV-2.

The patient had a medical history of coronary
heart disease, prior coronary artery bypass
grafting, and type 2 diabetes mellitus. He was
diagnosed with HIV/AIDS in 1991, received
radiation therapy in 1995 for treatment of
Kaposi’s sarcoma, and has had recurrent
thrush. Two months prior to hospitalization,
he had a CD4 count of 266 cells/mm? and an
undetectable HIV viral load. He was taking 3
antiretrovirals:

emtricitabine-tenofovir, a
nucleoside and nucleotide reverse transcriptase in-
hibitor combination, and dolutegravir, an integrase
inhibitor.

Other viral infections such as influenza and respira-
tory syncytial virus were considered, but the pre-test
probability for COVID-19 was high because other
residents at the facility had been diagnosed with
COVID-19 recently.

In the emergency department, the patient was
tachypneic with an initial oxygen (0O,) saturation
98%. Table 1 lists the results of his initial laboratory
testing including normal levels of ferritin, procalci-
tonin, interleukin (IL)-1, and IL-6. Levels of C-reactive
protein, lactate dehydrogenase, and troponin were
elevated. There was a reduced white blood cell count
without lymphopenia. A chest radiograph had no air
space or interstitial infiltrates (Figure 1). There was a
single low-flow LVAD alarm noted 3 days prior to
presentation.

Based upon the adequate room air saturation,
absence of pulmonary infiltrates, and minimally
abnormal inflammatory markers, the patient was
classified as having a mild case of COVID-19. Due to
persistent breathlessness, hydroxychloroquine was
initiated on day 2 with QTc monitoring.
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TABLE 1 Patient Characteristics

Reference Values Patient's Values
Temperature, °C 36.7
MAP, mm Hg 98
Pulse, beats/min 77
Resp rate 33
Sp0,, % 98
0, flow rate, l/min 2
LVAD speed, rpm 4,900
LVAD flow, |/min 34
WBC, x10~3/ul 4.5-1 4.0
Platelet, x103/ul 150-450 123
Absolute neutrophil, x10~3/ul 1.9-8.0 1.4
Absolute lymphocyte, x10~3/ul 1.0-4.5 2.1
Creatinine, mg/dl 0.70-1.30 1.12
AST, U/L 1-35 23
ALT, U/L 1-45 20
Total bilirubin, mg/dl 0.1-1.2 0.4
INR 1.4
CRP, mg/L 0-5.0 1241
LDH, U/L 100-220 230
D-dimer, ug/ml 0.00-0.50 1.59
Ferritin, ng/ml 30-400 215
Interleukin-1, pg/ml =36 5
Interleukin-6, pg/ml 0.0-15.5 34
Procalcitonin, ng/ml <0.49 0.02
Troponin, ng/ml 0.00-0.03 0.08
CK-MB, ng/ml 0.6-6.3 1.0
Creatine kinase, U/L 30-200 12
BNP, pg/ml 0.0-100.0 337
proBNP, pg/ml 300-899 235
AST = aspartate aminotransferase; ALT = alanine transaminase; BNP = brain
natriuretic peptide; CK-MB = creatinine kinase myocardial band; CRP = C-reactive
protein; INR = international normalized ratio; LDH = lactate dehydrogenase;
MAP = mean arterial pressure (obtained via Doppler); SpO, = peripheral oxygen
saturation.

To the best of our knowledge, this is the first re-
ported case of COVID-19 in a patient with HIV/AIDS
on ART supported with an LVAD. COVID-19 is a
viral-induced illness whose outcomes seem to be
determined by the exaggerated immune response
producing tissue damage and multiorgan dysfunc-
tion. The spectrum of disease varies, but comorbid
conditions confer a 2.85- to 21.4-fold increased risk
of in-hospital mortality (2). it was
surprising to see a relatively benign course in our

Therefore,

patient given his immunocompromised state and
complex cardiovascular history. Because the major-
ity of patients with COVID-19 will have mild
symptoms and recover, it is likely that this applies
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FIGURE 1 Chest Radiograph With Mild Subsegmental Atelectasis
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to our patient as well, but we hypothesize that
LVAD support and ART reduced the severity of
COVID-19 manifestation in our vulnerable patient
through its immunomodulatory effects.

CARDIAC INJURY MITIGATED BY LVAD?

Cardiac injury is associated with increased risk of
hospital death. In a study of 416 hospitalized patients
in Wuhan, China, cardiac injury, as reflected by ele-
vations in troponin-I, was associated with a 4-fold
increase risk of in-hospital mortality (3). The mecha-
nism(s) producing myocardial injury in COVID-19
disease are debatable, but include ischemia, result-
ing in either type 1 or 2 myocardial infarction, injury
from decompensated heart failure, or the direct result
of viral myocarditis. Our patient had mild elevations
in cardiac enzymes that were diagnostic of injury and
fell within the interquartile range of troponin-I as
reported in the cohort from Wuhan, China (3). It is
possible that the continuous left ventricular unload-
ing and cardiac output produced by the LVAD
reduced wall stress, myocardial oxygen demand, and
subsequent injury.

INFLAMMATION REDUCED BY
LVAD SUPPORT?

Advanced heart failure patients live in a pro-
inflammatory state and by restoring end-organ
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perfusion and reversing the heart failure state,
LVADs improve the inflammatory profile, reduce
cytokine levels, and lower leukocyte counts (4).
Although the devices’ biomaterials may themselves
be pro-inflammatory, the net effect of LVAD support
is to decrease inflammatory cytokines compared with
their pre-implant levels (4). We hypothesize that the
hemodynamic support provided by the LVAD in our
patient with extensive cardiovascular comorbidities
produced a favorable immunomodulatory effect in
the setting of COVID-19 disease.

INFLAMMATION AND HIV/AIDS

Persons with HIV/AIDS have persistent immune acti-
vation despite the viral suppression produced by ART
(5). In a nested case-control study within the SMART
(Strategies for Management of Antiretroviral Ther-
apy) trial, researchers demonstrated that higher
plasma levels of IL-6, C-reactive protein, and D-dimer
strongly predicted higher mortality and cardiovascu-
lar events. These findings suggest that HIV-induced
inflammation increases mortality risk among HIV
patients and that interrupting ART further increases
this risk (6). Because ART is associated with lowering
the levels of these biomarkers, it may mitigate the
exaggerated inflammatory response seen in patients
with COVID-19 and affect disease severity.

IMPACT OF HIV ANTIRETROVIRAL THERAPY

There are currently no approved antiviral drugs to
treat COVID-19 patients, but combination therapies
used to treat HIV may mitigate other coronavirus
diseases such as SARS and Middle East respiratory
syndrome. In 2004, during the SARS epidemic in
China, it was observed that 0 of 19 patients with HIV/
AIDS contracted SARS even though they were in close
contact and hospitalized with SARS patients. Most
were receiving ART. This compares to 6 of 28 health
care workers with similar exposure who did contract
SARS. This observation leads to a hypothesis that
existing HIV infection might interfere with SARS virus
replication in the same host or that ART might
prevent SARS development (7). These initial obser-
vations were supported by a retrospective matched-
cohort study from Hong Kong where the addition of
lopinavir/ritonavir, a protease inhibitor, to standard
SARS treatment protocols appeared to be associated
with improved clinical outcomes (8).

In the current COVID-19 pandemic, lopinavir/rito-
navir was studied in a randomized, controlled trial in
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TABLE 2 Clinical Trials Using ARTs in COVID-19

and Hydroxychloroquine for Treatment of COVID19: A Randomized
Control Trial

The Clinical Study of Carrimycin on Treatment Patients With COVID-19

Treatment of Moderate to Severe Coronavirus Disease (COVID-19) in
Hospitalized Patients

Evaluating and Comparing the Safety and Efficiency of ASCO9/Ritonavir
and Lopinavir/Ritonavir for Novel Coronavirus Infection

Xiyanping Injection for the Treatment of New Coronavirus Infected
Pneumonia

Multicenter Clinical Study on the Efficacy and Safety of Xiyanping
Injection in the Treatment of New Coronavirus Infection Pneumonia
(General and Severe)

ritonavir, darunavir, favipiravir

Carrimycin, lopinavir/ritonavir, arbidol, chloroquine
phosphate

Lopinavir/ritonavir, hydroxychloroquine sulfate,
baricitinib, sarilumab

ASCO9/ritonavir, lopinavir/ritonavir

Xiyanping injection, lopinavir/ritonavir, alpha-
interferon nebulization

Lopinavir/ritonavir, xiyanping injection

Study Title Interventions Location Status
Evaluation of Ganovo (Danoprevir) Combined With Ritonavir Ganovo/ritonavir, interferon nebulization China Completed
in the Treatment of Novel Coronavirus Infection
The Efficacy of Lopinavir Plus Ritonavir and Arbidol Against Lopinavir/ritonavir, arbidol China Recruiting
Novel Coronavirus Infection
Efficacy and Safety of Darunavir and Cobicistat for Treatment Darunavir, cobicistat China Recruiting
of Pneumonia Caused by 2019-nCoV
Treatment and Prevention of Traditional Chinese Medicines Oxygen therapy, alfa interferon via aerosol China Recruiting
(TCMs) on 2019-nCoV Infection inhalation, lopinavir/ritonavir, TCM granules
Lopinavir/ Ritonavir, Ribavirin and IFN-beta Combination for Lopinavir/ritonavir, ribavirin, interferon beta-1B Hong Kong Recruiting
nCoV Treatment
Comparison of Lopinavir/Ritonavir or Hydroxychloroquine in Lopinavir/ritonavir, hydroxychloroquine sulfate South Korea Recruiting
Patients With Mild Coronavirus Disease (COVID-19)
Trial of Treatments for COVID-19 in Hospitalized Adults Remdesivir, lopinavir/ritonavir, interferon beta-1A, France Recruiting
hydroxychloroquine
COVID-19 Ring-based Prevention Trial With Lopinavir/Ritonavir Lopinavir/ritonavir Canada Not yet recruiting
Various Combination of Protease Inhibitors, Oseltamivir, Favipiravir, Oseltamivir, hydroxychloroquine, lopinavir/ Thailand Not yet recruiting

Not yet recruiting

Not yet recruiting

Not yet recruiting

Not yet recruiting

Not yet recruiting

COVID-19 = coronavirus disease-2019; TCM = traditional Chinese medicine.

Wuhan, China, but produced no benefit in patients
with severe COVID-19 (9). Currently, the Centers for
Disease Control and Prevention recommends that
people with HIV not switch their HIV medicines in an
attempt to prevent or treat COVID-19 (10). Multiple
clinical trials evaluating efficacy of different ARTs for
COVID-19 are underway and their results are likely to
inform future management decisions (Table 2).

The patient was discharged to his nursing facility on
hospital day 5 once a room was available where he
could be quarantined, and he continued to feel well
10 days later.

We describe the first case of a patient on LVAD
support with HIV/AIDS on ART who recovered
from mild COVID-19. Further clinical experience
and research will be required to understand the
full impact of LVADs, HIV/AIDS, and ART on
COVID-19.

ADDRESS FOR CORRESPONDENCE: Dr. Sean P. Pin-
ney, Division of Cardiology, Department of Medicine,
Icahn School of Medicine at Mount Sinai, One Gustave
L. Levy Place, Box 1030, New York, New York 10029.
E-mail: Sean.Pinney@mountsinai.org.
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