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Introduction

Coronavirus disease 2019 (COVID-19) has become pandemic
and continues to cause a high number of casualties. In-
dividuals affected by COVID-19 who are aging with comor-
bidities and immunocompromised status appear to have
poor clinical outcome. A cohort study by Williamson et al.,
which included 10,926 COVID-19-related mortality cases in
the United Kingdom, indicated that mortalities was asso-
ciated with immunocompromised status, including malig-
nancy (non-hematological and hematological), solid-organ
transplantation and rheumatic disorders.1 Nevertheless,
the impact of HIV infection on the survival of people living
with HIV (PLWH) who concurrently have COVID-19 is less
clear.2 Several reports suggested that PLWH might be at an
increased risk of severe COVID-19 disease, especially among
those with lower CD4 cell counts or unsuppressed HIV viral
replication.3 However, for those who are receiving antire-
troviral therapy (ART) with sustained viral suppression and
recovery of CD4 count, the clinical course and immune
response to COVID-19 might be modified.4 Here we present
the clinical course and antibody response of an individual
with HIV infection who was affected by COVID-19.

Case report

The 38-year-old man had developed watery diarrhea four
days prior to this admission, when he was traveling in the
Philippines. Two days later, a fever of 37.4 �C and dry cough
ensued. He was admitted to a negative-pressure isolation
room at the National Taiwan University Hospital upon his
return to Taiwan with deteriorating symptoms. SARS-CoV-2
was later identified by real-time reverse transcription-
polymerase chain reaction (RT-PCR) assay of a throat
swab specimen. He had had HIV infection four years earlier
before this admission and had achieved successful, sus-
tained viral suppression with coformulated abacavir, lam-
ivudine, and dolutegravir. His latest CD4 count was
807 cells/mL four months earlier. Blood examinations
showed mild leukopenia (3390 cells/mL) and lymphopenia
(1389 cells/mL) upon admission. No elevation of C-reactive
protein or aminotransferases was noted. The chest radio-
graph on admission was normal. His symptoms soon
resolved within three days after admission. However, SARS-
CoV-2 virus was persistently detectable by RT-PCR assays
until the 45th day after the onset of the symptoms.
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Laboratory investigations

SARS-CoV-2 viral isolation
Sputum or throat swab specimens obtained from the patient
with COVID-19 were maintained in the viraletransport me-
dium. The specimens were propagated in Vero E6 cells in
DMEM supplemented with 2 mg/mL of tosylsulfonyl phenyl-
alantyl chloromethyl ketone (TPCK) -trypsin (SigmaeAldrich).
Culture supernatants were harvested when more than 70% of
cells showing cytopathic effects. The full-length genomic se-
quences of the derived clinical isolates [SARS-CoV-2/NTU04/
TWN/human/2020 (Accession ID EPI_ISL_422407)] were
determined and submitted, along with the patients’ travel
history and basic information, to the GISAID database.

SARS-CoV-2 antibody detection
Serum specimens of the patient were collected once or
twice per week during the hospital stay. Follow-up serum
specimens obtained at out-patient clinic three months
after discharge was also submitted for antibody detection.
Enzyme-linked immunosorbent assay (ELISA) (recomWell
SARS-CoV-2 IgG: (REF 7304), recomWell SARS-CoV-2 IgA:
(REF 7305), Mikrogen Diagnostik, Germany) and Western
blotting (recomLine SARS-CoV-2 IgG [Aviditat] (REF 7374),
Mikrogen Diagnostik, Germany) were performed to detect
antibodies against SARS-CoV-2 antigens, including seasonal
coronaviruses HCoV (229E, NL63, OC43, HKU1) nucleocapsid
protein, SARS-CoV-2 nucleocapsid protein (NP), SARS-CoV-2
receptor binding domain (RBD) protein and SARS-CoV-2
spike surface (S1) protein.

Virus neutralization assay
Neutralizing antibody titer to SARS-CoV-2 was tested by
plaque reduction neutralization assay from the serum
specimens sequentially collected. The serum specimens
used in these assays were heat-inactivated at 56 �C for
30 min, and then diluted in serum-free DMEM media.

Plaque reduction neutralization assay was performed
in triplicate in 24-well tissue culture plates. The clinical
isolates of SARS-CoV-2 used in the assay were SARS-CoV-
2/NTU04/TWN/human/2020 (Accession ID EPI_-
ISL_422407) from the patient, and SARS-CoV-2/NTU03/
TWN/human/2020 (Accession ID EPI_ISL_413592), which
exhibits the D614G mutation. SARS-CoV-2 (50e100 pla-
que forming unit, pfu) was incubated with diluted test
sera at different time points for 1 h at 37 �C before
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adding to the Vero E6 cell monolayer for another 1 h.
Subsequently, virus-serum mixtures were removed and
the cell monolayer was washed once with phosphate
buffered saline before covering with DMEM media con-
taining 2% fetal bovine serum (FBS) and 1% methylcel-
lulose for 5e7 days. The cells were fixed with 10%
formaldehyde overnight. After removal of overlay
media, the cells were stained with 0.7% crystal violet
and the plaques were counted.

Results

Anti-SARS-CoV-2 IgG and IgA responses of the patient were
first detected by ELISA on the 18th day after initial symp-
toms, which lasted until the day of his discharge from the
hospital (day 48 after symptom onset). The antibody re-
sponses against SARS-CoV-2 via Western Blotting are shown
in Fig. 1. Antibodies against seasonal coronaviruses HCoV
(229E/NL63/OC43/HKU1) nucleocapsid protein were
detected from the very early sample (the fourth day after
symptoms onset) until the last serum sampled on the 157th
day. Antibodies against SARS-CoV-2 specific protein (NP/
RBD/S1) were firstly detected on the 13th day, and
remained detectable on the 157th day.

The results of plaque reduction neutralizing assay are
shown in Fig. 2 and Table 1. Neutralizing effect was not
significantly observed from the serum sampled on the ninth
day after the symptom onset, while the serum specimens
collected on the 26th and 47th day continued to have a
considerable neutralizing effect. However, such neutral-
izing effect gradually diminished over time, from 61% to
36% of the serum specimens collected from 47th to 158th
day, with an 80-fold dilution, respectively. Compared with
the neutralizing effect of the serum collected from this
patient against SARS-CoV-2 with (NTU03) or without
(NTU04) D614G mutation, we found that the neutralizing
effect was detected earlier against the virus without D614G
mutation (NTU04). However, a similar kinetics of neutral-
izing effect against SARS-CoV-2 with or without D614G
mutation was still observed.
Figure 1 Antibody detection against SARS-CoV-2 by Western
blot of the patient coinfected with HIV and SARS-CoV-2 on
different dates.
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Discussion

We present the clinical course of COVID-19 and detection
of neutralizing antibody against SARS-CoV-2 of an indi-
vidual coinfected with HIV and SARS-CoV-2. The findings
of COVID-19 of mild severity in this individual with HIV
infection was similar to those without HIV infection as
recent studies described, in whom prolonged virus
shedding was often noted.5,6 In our case, SARS-CoV-2
could only be readily isolated from the respiratory
specimens collected on the first day of admission. While
PLWH with uncontrolled HIV or lower CD4 counts tend to
have poor outcome when infected with SARS-CoV-2, the
recent study by Dandachi et al. did not demonstrate
excess morbidity and mortality among PLWH affected by
COVID-19 who had achieved HIV viral suppression with
ART.7 However, for PLWH who had multiple comorbidities
and presented with severe COVID-19, the mortality rate
remained high despite higher CD4 counts.2,8

Until now, there are limited therapeutic agents
approved for treating COVID- 19, such as remdesvir, under
certain clinical conditions. Aside from searching for po-
tential therapeutics, decoding SARS-CoV-2 immunity to
facilitate research and development of vaccine is urgent to
end the pandemic. The kinetics of neutralizing effect in our
patient echo the findings of the study by Wang et al., in
which virus-specific antibodies of immunocompetent pa-
tients reached the peak about one month after the onset of
initial symptoms and might gradually decline over a 3-
month period.9

Our study suggests that PLWH with high CD4 counts are
capable of producing considerable neutralizing antibodies
against SARS-CoV-2, which was comparable with the find-
ings by Brochot et al., that neutralizing antibodies reached
a plateau 2 weeks after symptom onset and then declined
in the majority of inpatients without HIV infection.10

The difference of the neutralizing effects against SARS-
CoV-2 with or without D614G mutation is still debating.
D614G spike mutation might increase SARS-CoV-2 suscep-
tibility to neutralization; however, the observations by
Weissman et al. and Lee et al. suggested that D614G mu-
tation did not impact the neutralization capacity of the
elicited antibodies.11,12

Previous studies also highlighted that the disease
severity could be associated with neutralizing antibody
responses.10,13,14 While the impact of HIV infection on ki-
netics of neutralizing antibody detection remains unclear,
our observation suggests that PLWH with higher CD4 counts
should not be excluded from being considered eligible for
vaccination if the vaccination for SARS-CoV-2 is to be scaled
up. However, since SARS-CoV-2 does not induce a prolonged
neutralizing antibody response, investigations to identify
the most effective vaccination strategies among PLWH are
warranted.

In summary, the clinical presentations of COVID-19 in
this PLWH who had achieved good viral suppression of HIV-1
and had high CD4 counts were similar to those reported
among affected individuals without HIV infection. PLWH
with higher CD4 counts could still generate considerable
neutralizing antibodies against SARS-CoV-2.



Figure 2 SARS-CoV-2 inhibition by the patient’s serum samples collected on 9th, 26th, 47th and 157th day after the onset of
symptoms.

Table 1 Inhibition of two virus strain by tested serum of different concentration derived from different time via plaque
reduction assay.

1:80 1:160 1:320 1:640 1:1280

NTU03 NTU04 NTU03 NTU04 NTU03 NTU04 NTU03 NTU04 NTU03 NTU04

Day 9 8% 28% 9% 9% 9% 0 3% 11% 5% 0
Day 26 74% 48% 42% 26% 33% 2% 15% 0 23% 0
Day 47 61% 42% 39% 39% 28% 25% 9% 6% 2% 7%
Day 157 36% 28% 17% 11% 0 1% 7% 1% 5% 13%

*Data shown in percentage of plaque reduction.
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