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A B S T R A C T

We report two cases of HIV positive patients with SARS-CoV-2 infection and a recent diagnosis of
opportunistic infections of central nervous system (CNS). We investigated the potential impact of
coinfection with SARS-CoV-2 on HIV replication in CNS.
© 2020 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Contents lists available at ScienceDirect

International Journal of Infectious Diseases

journal homepage: www.elsevier .com/ locate / i j id
Introduction

We report the cases of two HIV-positive patients with
coronavirus disease 2019 (COVID-19) and a recent diagnosis of
opportunistic infections of the central nervous system (CNS). The
potential impact of co-infection with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) on HIV replication in the
CNS was investigated.

SARS-CoV-2 is the causative agent of the clinical syndrome
COVID-19 and is associated with mild respiratory tract infections
and severe pneumonia (Wu and McGoogan, 2020). However, SARS-
CoV-2 has been shown to affect other organs both directly, by
binding to specific cellular receptors, and indirectly due to the
triggered abnormal inflammatory response (Bourgonje et al., 2020;
Ye et al., 2020). CNS involvement has been reported and
neurological signs and symptoms have been described (Arbour
et al., 2000; Helms et al., 2020).

It remains unclear whether persons living with HIV (PLWH)
and on antiretroviral treatment, with low CD4 T-cell counts
(<200/mm3), may have a higher risk of contracting COVID-19 and
* Corresponding authors at: National Institute for Infectious Disease “L.
Spallanzani”, Via Portuense 292, 00149, Rome, Italy.

E-mail addresses: carmela.pinnetti@inmi.it (C. Pinnetti),
alessandra.vergori@inmi.it (A. Vergori).

https://doi.org/10.1016/j.ijid.2020.09.040
1201-9712/© 2020 The Authors. Published by Elsevier Ltd on behalf of International So
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
developing more serious clinical pictures of the disease (Guo et al.,
2020). HIV can itself affect the neuronal compartment, and the
interaction between the two viruses in the CNS remains
unexplored.

Case reports

Patient 1

In January 2020, a 55-year-old Ethiopian male, suffering from
hypertension and aortic steno-valvular insufficiency, was diag-
nosed with HIV (CDC stage C) during a hospitalization for
meningitis caused by Mycobacterium chimaera. Specific treatment
with moxifloxacin, rifabutin, azithromycin, and ethambutol was
started, and combined antiretroviral therapy (cART) with tenofovir
disoproxil fumarate, emtricitabine, and dolutegravir was subse-
quently prescribed. After 2 months, while the patient was in a
rehabilitation facility, a cerebrospinal fluid (CSF) examination
revealed no pathological findings; all microbiological tests on the
CSF were reported as negative.

On April 20, 2020, reverse transcriptase PCR (RT-PCR) for SARS-
CoV-2 on two nasopharyngeal swabs (NPSs) was also performed
because of contact with a COVID-19 case, in the absence of
symptoms. The result was positive. For this reason the patient was
admitted to the COVID hospital associated with the National
Institute for Infectious Diseases “L. Spallanzani”. The patient was in
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a fair clinical condition, afebrile and eupneic. The neurological
examination showed hyposthenia of the lower limbs. HIV RNA was
<30 copies/mL in plasma and his CD4 T-cell count was 127/mm3

(18%). High-resolution computed tomography (HRCT) of the
chest revealed interstitial pneumonia, and hydroxychloroquine
therapy was administered for 10 days, according to local guide-
lines, together with his previous therapy and antithrombotic
prophylaxis.

Magnetic resonance imaging (MRI) of the brain was performed
for re-evaluation of his disease status (Figure 1a and b). A lumbar
puncture (LP) was performed and CSF examination showed an
overlapping picture with the previous one. CSF and plasma
albumin were 259 mg/l and 3390 mg/dl, respectively, with a
Link index of 0.47. The inflammatory profile of the CSF
showed a low level of interleukin (IL)-1β (0.17 pg/mL), IL-6
(8.65 pg/mL), IL-8 (36.17 pg/mL), and tumour necrosis factor alpha
(TNF-α) (1.30 pg/mL).

The results of all microbiological tests were negative. RT-PCR for
SARS-CoV-2 in CSF was negative, and HIV RNA in CSF/plasma pairs
was <30 copies/mL. Serology for SARS-CoV-2, performed by
indirect immunofluorescence assay (IFA), was negative in CSF,
Figure 1. (a, b) Axial contrast-enhanced three-dimensional T1 SPGR MRI scan show
(patient 1). (c, d) Axial contrast-enhanced three-dimensional T1 SPGR MRI scan showi
while an IgG titre of 1:320, IgA titre of 1:80, and weak reactivity for
IgM were found in plasma. The patient was discharged with three
consecutive NPSs negative for SARS-CoV-2 and with the indication
to continue anti-mycobacterial therapy and cART.

Patient 2

The second patient was a 32-year-old African American who
was diagnosed with HIV infection in 2017; he was CDC stage C3.
The patient was on cART with tenofovir disoproxil fumarate,
emtricitabine, and efavirenz reaching a poor immunological
recovery. He was hospitalized in February 2020 for cryptococcal
meningitis and was treated with intravenous liposomal ampho-
tericin B and flucytosine. CSF examination at the switch to
consolidation therapy showed a Cryptococcus neoformans antigen
titre of 1:4, with a negative PCR and culture; the titre of
cryptococcal antigen in serum was 1:400.

On April 1, he was tested for SARS-CoV-2 on two consecutive
NPSs as he was a contact of a COVID-19 case; the results
were negative. Chest HRCT revealed the presence of an
interstitial pneumonia. For this reason, he was transferred to the
ing subtle pachymeningeal enhancement in the bilateral frontotemporal region
ng enhancement of the meningeal plane on the posterior frontal left (patient 2).
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COVID hospital for investigations. On admission, the patient
was in a fair clinical condition, afebrile and eupneic. Serology
for SARS-CoV-2 performed at 20 days after the first test, by
means of IFA, was positive: IgA titre 1:80, IgM titre 1:80, and
IgG titre 1:40. HIV RNA was <30 copies/mL and his CD4 T-cell
count was 265/mm3 (8.2%).

MRI of the brain was performed (Figure 1c and d). A LP was also
performed and CSF examination showed only protein at 69.8 mg/
dl. CSF and plasma albumin were 425 mg/l and 3640 mg/dl,
respectively, with a Link index of 0.5. The inflammatory profile in
CSF showed IL-1β of 0.21 pg/mL, IL-6 of 44.27 pg/mL, IL-8 of 295.75
pg/mL, and TNF-α of 8.70 pg/mL. All microbiological test results
were negative; the cryptococcal antigen titre was 1:8 in CSF and
1:400 in plasma. RT-PCR for SARS-CoV-2 in CSF was negative, and
HIV RNA in CSF/plasma pairs was undetectable at <30 copies/mL.
Serology for SARS-CoV-2 in CSF showed negative titres for IgA and
IgM, while the IgG titre was 1:8. During the hospital stay,
consolidation therapy with fluconazole and cART was adminis-
tered. No therapies for SARS-CoV-2 were prescribed, with the
exception of antithrombotic prophylaxis. The patient was dis-
charged after 10 days.

Discussion

HIV viral escape is reported in a variable percentage of cases
among cohorts of PLWH; specifically, secondary HIV viral escape
due to opportunistic CNS diseases has been observed in clinical
reports (Joseph et al., 2016).

The mechanisms of HIV neuro-invasion are still debated. This
neuro-invasion has been associated with damage to the blood–
brain barrier (BBB) resulting from immune activation or infected
cell trafficking in the CNS (Winston et al., 2019).

SARS-CoV-2 might be neurotropic. Indeed, a related necrotizing
haemorrhagic encephalopathy has been described and an associa-
tion with a marked inflammatory response has been hypothesized
(Poyiadji et al., 2020).

Neurological involvement in COVID-19 may mimic a heteroge-
neous spectrum of signs and symptoms, in some cases overlapping
with other neurological diseases, including ischemic stroke,
alterations of the consciousness state (confusion, sleepy state,
seizures), muscle damage, acroparesthesia, and symptoms of
encephalitis (Mao et al., 2020). Moreover, limited data are available
on the prevalence and timing of COVID-19 neurological symptoms,
which often occur in a delayed manner and in severe disease
(Pleasure et al., 2020).

It has been hypothesized that SARS-CoV-2 reaches the CNS
through several mechanisms: trans-synaptic transfer across
infected neurons, entry via the olfactory nerve, infection of the
vascular endothelium, or leukocyte migration across the BBB
(Zubair et al., 2020).

There are data showing that SARS-CoV-2 infects lympho-
cytes, granulocytes, and monocytes by binding to angiotensin-
converting enzyme 2 (ACE2) receptors (Wang et al., 2020). In
addition, the cytokine storm triggered by SARS-CoV-2 might be
associated with an increased permeability of the BBB (Zubair
et al., 2020).

The potential role of the BBB in containing and preventing
access to the brain tissue could be crucial in patients with HIV co-
infection, even if other concomitant opportunistic CNS patholo-
gies, able to alter BBB permeability, are present.

We have described SARS-CoV-2 infections during follow-up for
CNS pathologies and hypothesized that SARS-CoV-2 could have
altered the BBB permeability, resulting in HIV escape in the CNS,
with potential consequent neuronal damage. However, this
hypothesis was not confirmed by virological and immunological
tests performed on the CSF. Indeed, neither SARS-CoV-2 RNA nor
HIV RNA was detected in CSF. In one of the two cases, IgG was found
to be present in the CSF, showing a passage across the BBB of these
antibodies into the CSF.

The absence of HIV in the CNS could be explained by the fact
that both patients were correctly taking the specific therapy for the
opportunistic infections as well as cART. Moreover, the few
symptoms associated with COVID-19 could suggest a contained
inflammatory response in the CNS/plasma, probably due to a low
reactive immune response. Indeed these patients had a poor
immunological recovery, which might have contributed to the lack
of immune-pathogenetic processes and mitigated the symptoms
(Tay et al., 2020).

In conclusion, a CNS study should be proposed for patients with
SARS-CoV-2 and HIV co-infection, in order to clarify the interaction
between HIV and SARS-CoV-2 and the associated inflammatory
response, and to optimize any ongoing treatments.
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