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The emergence of new severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) variants is of public health
concern in case of vaccine escape. Described are 3 patients
with advanced human immunodeficiency virus (HIV)-1 and
chronic SARS-CoV-2 infection in whom there is evidence of
selection and persistence of novel mutations that are
associated with increased transmissibility and immune escape.
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Chronic severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection persisting for several months has
been described in immunocompromised patients [1, 2] but is
less well characterized in patients with advanced human immu-
nodeficiency virus (HIV)-1. In immunocompromised patients
with prolonged virus replication, there is an optimal environ-
ment for virus evolution and the generation of novel variants
[3]. This is a concern for the pandemic global response due
to the possibility of vaccine escape: where novel mutations in
the virus genome (in particular the spike protein [S]) lead to re-
duced susceptibility to neutralizing antibodies (nAbs). Novel
variants with accumulated mutations in the S gene (Alpha,
Beta, and Delta) have already been shown to have reduced

susceptibility to nAbs in relation to wild-type (WT) Wuhan
1-Hu-1 [4, 5]. Neutralizing antibodies are predictive of im-
mune protection from SARS-CoV-2 and correlate with virus
clearance and survival [6].
Here we present 3 patients with advanced HIV-1 (CD4+ cells

,200× 106/L) and chronic SARS-CoV-2 infection in whom
we have detected the emergence of novel mutations in vivo
via next-generation sequencing (NGS). In 1 patient we describe
the nAb response.

METHODS

Case Histories

Patient A, in their 40s, was admitted in early 2021 with short-
ness of breath, significant weight loss, fevers, and night sweats.
SARS-CoV-2 infection was detected via reverse transcription–
polymerase chain reaction (RT-PCR) of a combined nose and
throat swab (CNTS). A new diagnosis of HIV-1 was confirmed
during the admission. Chest radiograph changes were believed to
bemore consistent withmiliaryMycobacterium tuberculosis than
coronavirus disease 2019 (COVID-19) pneumonia. Pneumocystis
jirovecii prophylaxis and empirical anti-tuberculous treatment
was commenced. Antiretroviral therapy (ART) was started
after discharge. This patient had persistent SARS-CoV-2 RNA
detection from respiratory samples for 2 months.
Patient B is also in their 40s and has a history of diffuse large

B-cell lymphoma and HIV-1. The patient was admitted in early
2021 with urosepsis managed with broad-spectrum antibiotics.
The patient was diagnosed with HIV-1 20 years previously and
had had poor adherence to ART. Four weeks into the admis-
sion, a CNTS was positive for SARS-CoV-2 RNA by
RT-PCR. The patient required a short intensive care unit
admission for high-flow oxygen. This patient had persistent
detection of SARS-CoV-2 RNA for almost 3 months.
Patient C is in their 30s and was also admitted in early 2021

with a history of cough, fever, and odynophagia. HIV-1 had
been diagnosed over 10 years previously and adherence to
ART was intermittent since diagnosis. SARS-CoV-2 RT-PCR
on a CNTSwas positive on admission. The patient was swabbed
weekly and SARS-CoV-2 RNA was detected from all subse-
quent respiratory samples for 8.5 months.
For detailed patient histories and materials and methods

please refer to the Supplementary Material.

RESULTS

Clinical and laboratory data (including CD4+ counts and HIV
viral load) for patients A, B, and C were collected during their
inpatient stay (Supplementary Table 1).
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SARS-CoV-2 genome sequencing was performed on all pos-
itive samples. In all cases, sequencing confirmed B.1.1.7
(Alpha) lineage.

Figure 1 shows the amino acid (AA) mutations (located in
the receptor binding domain [RBD] of the S protein) detected
in patient samples over time. Supplementary Table 2 includes
more detailed sequencing data including the AA loci, genome
coverage, and read depth.

We analyzed anti-S immunoglobulin G (IgG) using serum
and ancestral strain virus neutralization for patient C. All se-
rum samples tested were unable to neutralize Wuhan Hu-1
SARS-CoV-2 (half-maximal inhibitory concentration [IC50]
,50; Supplementary Figure 1A) despite detection of anti-S
IgG (.0.8; Supplementary Figure 1B).

DISCUSSION

Three patients, all with advanced HIV-1 infection, CD4+ lym-
phopenia, and chronic SARS-CoV-2 infection, are described.
Persistent detection of SARS-CoV-2 RNA is common and
does not always correspond with productive infection. All 3 pa-
tients had sufficient viral RNA detected in CNTSs sampled over
months of follow-up for successful genome sequencing. This
typically corresponds to a cycle threshold (Ct) value less than
30 in the majority of RT-PCR assays, and although these assays

are frequently not quantitative, this normally equates to a mod-
erate or high viral load [7]. In all 3 patients we observed the
generation of novel mutations over time, some of which per-
sisted either in a mixed population or as the majority variant
(Figure 1). This persistence is evidence of active viral replica-
tion and is presumed to be due to a lack of CD4 T cells and
nAbs. Virus culture was attempted and successful from 1 of pa-
tient C’s samples 245 days after the first positive sample (see
Figure 1C sample “gg” for details of sequencing). This provides
further evidence of replication-competent virus in this patient.
Cellular studies suggest that the mutations we observed in

the recovered SARS-CoV-2 genomes from these patients will
enhance transmissibility and may be associated with nAbs
and vaccine escape. All patients were infected with the B.1.1.7
(Alpha) lineage that contains N501Y, a mutation associated
with an approximately 10-fold higher binding affinity of the
RBD for angiotensin-converting enzyme 2 (ACE2) [8]. All
3 patients developed a mutation at position E484, which is lo-
cated in the receptor binding motif (Figure 1). Substitutions at
E484, including E484K and E484G, enhance affinity of binding
to ACE2 [9]. N501Y and E484K are together present in variant
B.1.351 where a significant decrease in nAb activity from the
sera of vaccinated individuals has been observed [10]. The sum-
mative effects of mutations N501Y, Q498R, and E484K/G ob-
served in patients A and C (Figure 1A and 1C) are also

Figure 1. Amino acid mutations in the RBD of the SARS-CoV-2 spike protein detected via NGS of respiratory samples from patient A (A), patient B (B), and patient C (C ) over
time since the first positive sample. Each column represents 1 sample, sample ID corresponds to sample ID in Supplementary Table 2. Light-gray boxes denote positions
where.75% of reads are the wild-type allele, dark-gray boxes denote positions where.75% of reads are the mutant allele, and striped boxes denote mixed positions, with
the number representing the proportion of reads with the mutant allele detected. White boxes are positions where there is no sequencing coverage. More details on genome
coverage, read depth, and accession numbers are provided in Supplementary Table 2. Abbreviations: NGS, next-generation sequencing; RBD, receptor binding domain;
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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predicted in vitro to increase ACE2 binding by 50-fold, compared
withWT, whichmay translate into increased transmissibility [11].
Q493K (Figure 1B and 1C) located in the RBD has previously
been detected in immunocompromised hosts and has been
shown to lead to resistance to nAbs [12]. Q493K and Q498R
are mutations identified in the Omicron SARS-CoV-2 variant.

There was no neutralization against WT-Wuhan
SARS-CoV-2 detected from sera at different time points frompa-
tientC (Supplementary Figure 1). It is extrapolated that therewill
also be poor neutralization of SARS-CoV-2 B.1.1.7 lineage. The
lack of neutralizing ability in patient C despite detectable anti-S
antibodies emphasizes the importance of a functional assessment
of the immune response in immunocompromised individuals.

Neutralizing antibody responses and CD8+ T-cell responses
are CD4+ T-cell dependent [13, 14] and SARS-CoV-2–specific
CD4+ cells have been associated with accelerated viral clear-
ance [15], which may explain the observed chronic infections
in our patients. Conversely, absent/delayed CD4+ cell respons-
es have been associated with severe/fatal disease, whereas our
patients had short-lived symptoms [15].

CONCLUSIONS

These 3 patients with advanced HIV-1 and chronic
SARS-CoV-2 infection suggest a critical role for CD4+ T cells
to nAb response and the clearance of SARS-CoV-2 infection.
Our observations highlight the need for further research to un-
derstand the consequences of specific immune deficits in con-
trol of SARS-CoV-2 and other (viral) infections.

Early identification of patients with chronic SARS-CoV-2 in-
fection is essential to prevent transmission of variants with po-
tential for vaccine escape. Our patients highlight a novel use of
viral genome-sequencing data to detect replication-competent
virus in real time.We suggest that access to rapid viral sequenc-
ing in clinical diagnostic laboratories is essential in the manage-
ment of this and future epidemics.

If or how patients with chronic infection influence the emer-
gence of novel variants is unclear. Chronically infected patients
pose a significant risk in resource-poor settings: their identifi-
cation is challenging due to reduced access to healthcare and
to RT-PCR and NGS. Furthermore, the majority of the popula-
tion remain unvaccinated, and in sub-Saharan Africa there is a
higher burden of people living with HIV (�30% who are not
receiving appropriate ART) [16]. This underlines themoral im-
perative to ensure equity of access to COVID-19 vaccines
across the world.

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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