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Abstract: Background: this study aimed to determine the proportion of people living with HIV
(PLWH) with anti-SARS-CoV-2 IgG antibodies in a large sample from a single HIV referral center
in Rome, Italy; the time-frame included both the first and the second wave of the Italian COVID-19
pandemic; Methods: we conducted a cross-sectional study on stored cryopreserved samples from
1 March 2020 to 30 November 2020. Total antibodies against SARS-CoV-2 were preliminarily tested
using a chemiluminescent immunoassay. Positive results were re-tested with an ELISA assay as an
IgG confirmatory test; Results: overall, 1389 samples were analyzed from 1106 PLWH: 69% males,
median age 53 years, 94% on antiretroviral treatment, 93% with HIV-RNA < 50 copies/mL, median
CD4 cell count 610 cell/µL. Our analysis revealed a total of n = 8 patients who tested IgG positive
during the study period. Seroprevalence was equal to 0% in the first months (March–June); this
started to increase in July and reached a maximum rate of 1.59% in October 2020. The overall
seroprevalence was 0.72% (8/1106, 95% CI 0.37–1.42). Conclusion: our findings from this setting
show a low IgG SARS-CoV-2 prevalence among PLWH as compared to data available from the
general population.

Keywords: HIV; SARS-CoV-2; COVID-19; seroprevalence; antiretroviral therapy

1. Introduction

Despite the ongoing pandemic spread of severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2), which causes Coronavirus Disease 2019 (COVID-19), the impact
of this new coronavirus on people living with HIV (PLWH) is still unclear and data are
fragmentary and, at times, controversial [1,2]. In particular a comprehensive understanding
of the susceptibility to SARS-CoV-2 infection in PLWH must still be determined; more
data are needed to clarify viral transmissibility and to strengthen pandemic prevention
and preparedness efforts in this population. Several reports suggested that PLWH, such
as immunocompromised subjects, should be considered a vulnerable group because they
could have a higher risk of getting SARS-CoV-2, as compared to the general population [3].
Nevertheless, previous large population-based studies found similar [4,5] or lower [6,7]
SARS-CoV-2 incidence among PLWH compared with the general population. However,
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given the high proportion of asymptomatic infections with SARS-CoV-2, incidence esti-
mates from these studies could be biased by differential testing rates among populations [8].
Furthermore, this available data on the SARS-CoV-2 incidence in PLWH derives from RT-
PCR positive testing, which detects active infections. On the other hand, serology testing
for SARS-CoV-2 antibodies has been recognized as a useful tool for diagnosing both pre-
vious and active infection in both symptomatic and asymptomatic individuals. Thus,
seroprevalence studies could be used to better estimate the number of individuals who
have been infected [9]. Here we present the results of a seroprevalence study measuring
IgG antibodies against SARS-CoV-2 in a large sample from a single HIV referral center in
Rome, after the beginning of the Italian outbreak (i.e., 21st February 2020), and up until the
end of November 2020, which was an extended time-frame including the three phases of
the infection in our country.

2. Materials and Methods
2.1. Study Cohort

This was a monocentric cross-sectional study based on a cohort of PLWH who frequent
the healthcare facilities at the Department of Infectious Diseases of the University Hospital
‘Fondazione Policlinico Universitario A. Gemelli IRCCS’—Università Cattolica del Sacro
Cuore in Rome, Italy. For research purposes, we have an ongoing observational cohort of
HIV positive patients in our center, who routinely attend our hospital outpatient service.
All clinical information is prospectively recorded, and the laboratory data are constantly
updated in an electronic database. We also systematically collect, and store residual plasma
samples obtained from routine viral load measurements (plasma HIV-RNA) from the same
outpatients. Thus, for this seroprevalence exploration, we were able to select cryopreserved
plasma samples from this pool starting 1 March 2020, and ending 30 November 2020,
to assess SARS-CoV-2 IgG seroprevalence. Specifically, we decided to assay all samples
available from March to April because only a small number of samples were available due
to the reduced flow of patients during the lockdown period. For the remaining periods, we
randomly selected a convenient sample size, i.e., 50% of the residual samples per month.
We did not establish specific inclusion/exclusion criteria, and we excluded samples only
when associated clinical/laboratory data were missing. Thus, for all selected samples we
had all appropriate demographical, clinical, laboratory and therapeutic data. The few data
that were missing concerned only a small percentage of patients with an unknown risk
factor for HIV transmission.

2.2. Evaluation of SARS-CoV-2 Seroprevalence

To assess IgGs against SARS-CoV-2, we first qualitatively screened total antibodies
with a chemiluminescent immunoassay, the Atellica® IM SARS-CoV-2 Total assay, using an
Atellica® IM Analyzer (Siemens Healthcare, Erlangen, Germany). This assay is directed
toward the receptor-binding domain (RBD) in the S1 subunit of the SARS-CoV spike (S)
protein. All positive samples were re-tested with a confirmatory ELISA assay, SARS-CoV-2
(Euroimmun, Lübeck, Germany) already in use at our center for diagnostic routines. This
assay provides semiquantitative in vitro determination of immunoglobulins classes IgG,
using the S1 domain of the Spike protein, including RBD. Sensitivity and specificity for
Atellica® IM SARS-CoV-2 Total assays were both 95% and for SARS-CoV-2 Euroimmun
ELISA they were 90.3% and 98.5%, respectively. All plasma samples that were confirmed
positive for SARS-CoV-2 IgG using the Euroimmunn ELISA test were considered ‘truly’
positive. Based on the random selection design, testing samples from the same subject at
different times (months) were considered in the study.

We estimated an overall seroprevalence and an additional month-by-month seropreva-
lence as the number of ‘truly’ positive tests/total patients. Seroprevalence was reported as
rate and 95% confidence intervals (CI).



Diagnostics 2021, 11, 1154 3 of 10

2.3. Statistical Analysis

For descriptive statistics, continuous variables were summarized as median and
interquartile ranges (IQR), and categorical variables were expressed as percentages. We
used logistic regression models to explore factors associated with positive SARS-CoV-2
serology in our cohort. The variables analyzed were selected because they were considered
factors that are likely to impact susceptibility to SARS-CoV-2 infection in vulnerable
patients, such as PLWH. Variables such as age, time on ART, CD4 cell counts, CD4/CD8
ratio, CD4 nadir, and pre-ART HIV-RNA log copies/mL were considered as continuous
variables. Variable such as sex, nationality (being Italian), receiving ART, type of ART
(triple vs. dual regimen), having HIV-RNA < 50 copies/mL, past AIDS events, and having
any comorbidities were binary-coded, whereas risk factor (Homo/bi-sexual, Heterosexual
and IVDU), and anchor drug-based regimen (INSTI-based, NNRTI-based and PI-based)
were considered as three-level explanatory variables. Statistical significance was defined
as a two-sided p value of less than 0.05. Data analysis and management were performed
using SPSS software version 22.0 (IBM, SPSS, Chicago, IL, USA).

3. Results

A total of 1389 samples from 1106 PLWH were analyzed: 69% were male, 83% were
Italian, the median age was 53 years (IQR 45–60), the median time from HIV infection
diagnosis was 16 years (IQR 8–24); 94% (n = 1038/1106) of patients were on ART (median
time 13 years, IQR 6–21) of whom 72% (n = 750/1038) were on a triple regimen with
nucleoside reverse transcriptase inhibitors backbone plus an anchor drug (59.5% integrase
inhibitor, 31.5% non-nucleoside reverse transcriptase inhibitor, 9% protease inhibitor),
27% (n = 279/1038) were on a dual therapy (mainly 67% integrase inhibitor-based and
16% protease inhibitor-based), and the remaining 0.9% (n = 9/1038) were on different
combination regimens. The median CD4 cell count was 610 cell/µL (IQR 436–822), and
93% of patients were virologically suppressed (with HIV-RNA < 50 copies/mL). Table 1
summarizes the main characteristics of the patients according to the date (month) of the
plasma samples. Any repeated sample from the same subject occurred in the same month
during the study period.

Overall, 13 tests resulted positive for anti-SARS-CoV-2 IgG antibodies using the
chemiluminescent immunoassay; of these, eight were confirmed to be IgG positive using
the ELISA test. Table 2 reports demographic, clinic and therapeutic characteristics of
the eight patients who resulted positive. The probability of seropositivity was the same
between men and women (both 50%), median age was 53.4 years, median CD4 cell count
831 cell/µL, and median CD4/CD8 ratio 0.86. Analysis of the clinical records showed that
seven patients had a control visit at the same time their blood sample was taken, except
for patient 4 who had last visited in November 2019. Only one patient (patient 7) reported
recent infection with SARS-CoV-2, which manifested as a mild disease without the need
for hospitalization and without any complications. No other patients reported symptoms
related to COVID-19 in recent months. Five patients declared that their health was good,
and patient 6 reported non-COVID-19 related health issues.

Overall, our analysis revealed a seroprevalence of 0.72% (n = 8/1106; 95% CI 0.37–1.42).
Considering plasma samples month by month, the SARS-Cov-2 IgG/seroprevalence ranged
from 0% to 1.59%. Specifically, we did not find any case during March (n = 0/111, 0%;
95% CI 0.00–0.033) April (n = 0/72, 0%; 95% CI 0.00–0.051), May (n = 0/169, 0%; 95% CI
0.00–0.022) and June (n = 0/249, 0%; 95% CI 0.0–0.015); in July and September we found
one case respectively [0.48% (n = 1/208), 95% CI 0.085–2.267 and 0.71% (n = 1/140), 95%
CI 0.13–3.93]. In August, October and November we found two cases respectively [1.52%
(n = 2/132), 95% CI 0.42–5.36; 1.59% (n = 2/126), 95% CI 0.44–5.60 and 1.10% (n = 2/182),
95% CI 0.30–3.92] (Figure 1). In a logistic regression analysis, no demographic or clin-
ical variable was related to a higher risk of infection with SARS-CoV-2; moreover, no
relationship with the type of ART received was observed.
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Table 1. Characteristics of the entire study samples (n = 1389) from HIV-infected patients (n = 1106) according to the month.

(A). Demographic Characteristics

March 2021
n = 111

April 2021
n = 72

May 2021
n = 169

June 2021
n = 249

July 2021
n = 208

August 2021
n = 132

September
2021

n = 140

October 2021
n = 126

November
2021

n = 182

PLWH
Population

n = 1106

Gender, n (%)

Male 74 (66.7) 51 (70.8) 114 (67.5) 169 (67.9) 135 (64.9) 85 (64.4) 102 (72.9) 91 (72.2) 131 (72.0) 760 (68.7)

Age, years, (IQR) 54.1
(45.2–59.3)

48.5
(36.6–58.9)

51.9
(44.7–60.1)

53.3
(46.4–58.9)

55.4
(43.8–60.4)

52.2
(42.1–56.4)

53.2
(43.4–59.7)

54.0
(44.6–63.6)

53.1
(46.1–59.4)

52.9
(44.8–59.3)

Italian, n (%) 88 (79.3) 59 (81.9) 139 (82.2) 198 (79.5) 165 (79.3) 110 (83.3) 111 (79.3) 108 (85.7) 159 (87.4) 912 (82.5)

Risk factor, n (%)

Homo/bi-sexual 34 (30.6) 20 (27.8) 60 (35.5) 72 (28.9) 61 (29.3) 40 (30.3) 53 (37.9) 43 (34.1) 70 (38.5) 362 (32.6)

Heterosexual 40 (36.0) 16 (22.2) 61 (36.1) 111 (44.6) 77 (37.0) 61 (46.2) 48 (34.3) 50 (39.7) 71 (39.0) 431(38.5)

IVDU 15 (13.5) 11 (15.3) 21 12.4) 30 (12.0) 31 (14.9) 20 (15.2) 22 (15.7) 9 (7.1) 18 (9.9) 146 (13.2)

Time since HIV diagnosis, years,
median (IQR) 15.6 (7.6–23.8) 9.8 (1.18–22.4) 14.7 (6.5–22.4) 16.6 (7.5–23.9) 16.5 (7.4–25.8) 16.2 (8.9–26.1) 16.0 (6.3–24.3) 13.0 (6.5–22.4) 18.7

(11.5–24.3) 15.9 (7.6–23.7)

Pre-ART HIV-RNA, log10 copies/mL,
median (IQR) 5.0 (4.1–5.4) 4.9 (3.8–5.5) 5.0 (4.2–5.4) 4.9 (4.1–5.4) 4.9 (4.1–5.4) 4.9 (4.4–5.4) 4.9 (4.5–5.4) 4.9 (4.1–5.6) 4.9 (4.2–5.5) 4.9 (4.2–5.4)

CD4 cell count nadir, cells/mm3,
median (IQR)

205 (67–336) 171 (36–320) 170 (43–327) 173 (50–291) 200 (85–322) 201 (74–285) 125 (41–277) 159 (36–353) 176 (50–299) 190 (56–315)

CD4 count, cells/mm3, median (IQR) 577 (477–773) 487 (275–730) 615 (355–786) 559 (379–781) 619 (463–859) 630 (486–865) 587 (436–830) 603 (434–871) 676 (474–844) 610 (436–822)

CD4/CD8 ratio, median (IQR) 0.79
(0.52–1.13)

0.74
(0.39–1.08)

0.82
(0.53–1.25)

0.85
(0.50–1.18)

0.89
(0.61–1.32)

0.88
(0.59–1.24)

0.85
(0.62–1.16)

0.84
(0.55–1.18)

0.90
(0.59–1.27)

0.87
(0.57–1.23)

HIV-RNA <50 copies/mL, n (%) 100 (90.1) 56 (77.8) 154 (91.1) 238 (95.6) 192 (92.3) 121 (91.7) 126 (90.0) 114 (90.5) 173 (95.1) 1029 (93.0)

Past Aids-defining events
(CDC stage C), n (%) 32 (28.8) 18 (25) 50 (29.6) 87 (34.9) 55 (26.4) 35 (26.5) 48 (34.3) 49 (38.9) 58 (31.9) 335 (30.3)

(B). Clinical Characteristics

March 2021
n = 111

April 2021
n = 72

May 2021
n = 169

June 2021
n = 249

July 2021
n = 208

August 2021
n = 132

September 2021
n = 140

October 2021
n = 126

November 2021
n = 182

PLWH
Population

n = 1106

Patients with at least one
comorbidity, n (%) 47 (42.3) 22 (30.6) 77 (45.6) 124 (49.8) 94 (45.2) 51 (38.6) 72 (51.4) 58 (46.0) 90 (49.5) 498 (45.0)

Dyslipidemia, n (%) 4 (3.6) 2 (2.8) 10 (5.9) 13 (5.2) 3 (5.2) 3 (2.3 8 (5.7) 7 (5.6) 6 (3.3) 44 (4.0)
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Table 1. Cont.

Hypertension, n (%) 11 (9.9) 2 (2.8) 19 (11.2) 30 (12.0) 24 (11.5) 15 (11.4) 12 (8.6) 15 (11.9) 24 (13.2) 118 (10.7)

HCV co-infection, n (%) 23 (20.7) 10 (13.9) 27 (16.0) 39 (15.7) 43 (20.7) 26 (19.7) 33 (23.6) 12 (9.5) 33 (18.1) 193 (17.5)

HBV co-infection, n (%) 2 (1.8) 1 (1.4) 5 (3.0) 9 (3.6) 4 (1.9) 3 (2.3) 6 (4.3) 5 (4.0) 5 (2.7) 30 (2.7)

Diabetes mellitus, n (%) 3 (2.07) 2 (2.8) 4 (2.4) 5 (2.0) 2 (1.0) 1 (0.8) 5 (3.6) 3 (2.4) 3 (1.6) 22 (2.0)

Renal diseases, n (%) 3 (2.7) 1 (1.4) 2 (1.2) 9 (3.6) 7 (3.4) 2 (1.5) 3 (2.1) 5 (4.0) 5 (2.7) 29 (2.6)

Cardiovascular diseases, n (%) 11 (9.9) 8 (11.1) 21 (12.4) 38 (15.3) 27 (13.0) 9 (6.8) 15 (10.7) 17 (13.5) 26 (14.3) 130 (11.8)

History of neoplasms, n (%) 18 (16.2) 6 (8.3) 26 (15.4) 54 (21.7) 30 (14.4) 14 (10.6) 27 (19.3) 22 (17.5) 30 (16.5) 174 (15.7)

(C). Therapeutic Characteristics

March 2021
n = 111

April 2021
n = 72

May 2021
n = 169

June 2021
n = 249

July 2021
n = 208

August 2021
n = 132

September 2021
n = 140

October 2021
n = 126

November 2021
n = 182

PLWH
Population

n = 1106

Currently on ART, n (%) 97 (87.4) 52 (72.2) 161 (95.3) 237 (95.2) 200 (96.2) 130 (98.5) 135 (96.4) 121 (96.0) 178 (97.8) 1038 (93.9)

Time on ART, years, median (IQR) 12.1 (5.5–20.5) 9.7 (0.68–17.6) 11.2 (5.7–21.0) 14.0 (6.5–22.1) 11.9 (5.3–20.9) 14.5 (7.0–21.6) 12.5 (5.9–22.0) 11.1 (5.6–21.3) 15.8 (9.4–22.2) 12.7 (6.4–21.2)

Type of ARTs,
n (% = n/currently on ART)

Triple regimen 71 (73.2) 45 (86.5) 113 (70.2) 176 (74.3) 155 (77.5) 94 (72.3) 96 (71.1) 82 (67.8) 116 (65.2) 750 (67.8)

Dual regimen 25 (25.8) 7 (13.5) 48 (29.8) 58 (24.5) 41 (20.5) 36 (27.7) 39 (28.9) 38 (31.4) 60 (33.7) 279 (25.2)

Other combinations 1 (1.0) 0 (0.0) 0 (0.0) 3 (1.3) 4 (2.0) 0 (0.0) 0 (0.0) 1 (0.8) 2 (1.1) 9 (0.80)

Triple regimen based, n (%)

INSTI-based 47 (66.2) 30 (66.7) 67 (59.3) 92 (52.3) 100 (64.5) 53 (56.4) 67 (69.8) 57 (69.5) 74 (63.8) 446 (59.5)

PI-based 6 (8.5) 4 (8.9) 12 (10.6) 18 (10.2) 11 (7.1) 8 (8.5) 11 (11.5) 7 (8.5) 8 (6.9) 68 (9.1)

NNRTI-based 18 (25.4) 11 (24.4) 34 (30.1) 66 (37.5) 44 (28.4) 33 (35.1) 18 (18.8) 18 (22.0) 34 (29.3) 236 (31.5)

Dual regimen based, n (%)

INSTI-based 17 (68.0) 6 (85.7) 34 (70.8) 40 (69.0) 29 (70.7) 19 (52.8) 23 (59.0) 27 (71.1) 43 (71.7) 186 (66.7)

PI-based 2 (8.0) 0 (0.0) 6 (12.5) 9 (15.5) 6 (14.6) 6 (16.7) 6 (15.4) 6 (15.8) 8 (13.3) 44 (15.8)

Other dual 6 (24.0) 1 (14.3) 8 (16.7) 9 (15.5) 6 (14.6) 11 (30.6) 10 (25.6) 5 (13.2) 9 (15.0) 49 (17.6)

Abbreviations: IQR, interquartile range; IVDU, Intravenous drug users; ART, Antiretroviral Therapy; INSTI, Integrase strand transfer inhibitors; PI, Proteinase inhibitor; NNRTI, Non-Nucleoside Reverse
Transcriptase Inhibitor; HCV, Hepatitis C virus; HBV, Hepatitis B virus.
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Table 2. Demographics, clinical and therapeutic characteristics of the eight SARS-Cov-2 IgG seropositive subjects.

Pz 1 2 3 4 5 6 7 8

Month July August August September October October November November

Gender F F F F M M M M

Age, years 61.5 55.5 39.5 47.9 39.6 66.5 51.4 58.5

Italian Yes Yes Yes No, Uganda Yes Yes Yes Yes

Risk factor Heterosexual Heterosexual Heterosexual Heterosexual Unknown Heterosexual Homo/
bi-sexual

Homo/
bi-sexual

Time since
HIV

diagnosis,
years

27.1 21.0 24.2 14.0 3.0 22.6 12.7 24.3

Currently on
ART Yes Yes Yes Yes Yes Yes Yes Yes

Type of ARTs Triple Triple Triple Dual Dual Dual Triple Dual

INSTI-based INSTI-based NN-based PI-based INSTI-based NN/INSTI NN-based PI-based

3TC,ABC,DTG FTC,TAF,RGV FTC,TDF,EFV 3TC,ATV,cob 3TC,DTG RPV,DTG FTC,TAF,RPV 3TC,DRV,RTV

Time on
ART, years 27.1 20.8 23.8 13.9 3.0 12.3 11.8 20.9

Pre-ART
HIV-RNA,

Log10
cps/mL

4.15 5.24 5.70 5.70 4.54 5.20 4.7 5.70

CD4 cell
count nadir,
cells/mm3

206 298 36 119 390 326 258 328

CD4 count,
cells/mm3 524 1304 1095 783 859 885 423 804

CD8 count,
cells/mm3 620 1094 459 899 1205 1415 673 555

CD4/CD8
ratio 0.84 1.19 2.39 0.87 0.71 0.63 0.62 1.45

HIV-RNA,
copies/mL 0 18 0 0 0 0 0 0

Past Aids-
defining

events (CDC
stage C)

/ / Yes Yes / / / /

Dyslipidemia / / / / / / / /

Hypertension / / / / / / / Yes

HCV/HBV
co-infection / / / / / / / /

Diabetes
mellitus / / / / / / / /

Renal
diseases / / / / / / / /

Cardiovascular
diseases / / / / / Yes / /

History of
neoplasms / / / Yes / / / /

SARS-CoV-2
IgG 1.2 1.5 1 4.5 1.1 3.3 1.8 2.2

Abbreviations: 3TC, lamivudine; ABC, abacavir; DTG, dolutegravir; FTC, emtricitabine; TDF, tenofovir disoproxil fumarate; TAF, tenofovir
alafenamide fumarate; EFV, efavirenz; ATV, atazanavir; DRV, darunavir, RPV, rilpivirine; RTV, ritonavir; cob, cobicistat.
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4. Discussion

The present study was conducted during a period which included the different phases
that have characterized the pandemic in Italy. Here, the diffusion of the COVID-19 epidemic
can be broken down into three phases. The first one, i.e., the first wave, occurred after the
outbreak (i.e., from February to late May), and was characterized by a very rapid spread of
the cases and deaths with high territorial concentration in northern Italy [10,11]. During
the inter-wave period, which occurred in the summer (i.e., from June to mid-September),
the diffusion was initially very contained. However, in late September a growing number
of hotspots were identified across the country. In the second wave, from late September,
the cases increased exponentially all over the country, and in late November a drop in the
incidence of infection was observed [11]. As expected, in our study the month by month
SARS-CoV-2 seroprevalence showed that the positivity rate of serological tests increased
over time, especially during the second wave, in line with an increase of immunization of
the Italian population.

In light of limitations in population-based data, systematic seroprevalence studies are
needed to accurately determine attack rates. However, data on SARS-CoV-2 seroprevalence
in PLWH are presently very scarce. In a study of 500 patients from a single HIV-center
in Munich, Germany, between May and July 2020, the authors stated that SARS-CoV-2
IgG seroprevalence, which was 1.5%, did not significantly differ from that reported in the
general population in similar “hot-spot” areas [12].

Another analysis conducted by Papalini et al. in May 2020 on 270 HIV-positive
patients at the Diseases Clinic of Perugia Teaching Hospital in the Umbrian area of Central
Italy showed no serologically confirmed infection with SARS-CoV-2 versus a 4% IgG
seroprevalence, which was found in a parallel HIV-negative control group [13].

Furthermore, a recent systematic seroprevalence study from Spinelli et al. reported
that PLWH had approximately two times lower IgG seroprevalence of SARS-CoV-2 than
people without HIV in an urban health-care system located in San Francisco, US, over a
3-months period [14].

We can observe that the IgG seroprevalence of SARS-CoV-2 infection found in the
PLWH in our study, relatively to the period after the first pandemic wave in early 2020,
appears to be lower, even if not dramatically, as compared to the results of a study on
SARS-CoV-2 IgG seroprevalence carried out by the Italian Institute of Statistics (ISTAT) on
the general population between 25th May and 15th July 2020 [15]. In fact, in this survey the
percentage in the Lazio region of Italy, which includes the Rome area, was estimated to be
as high as 1%. We found a seroprevalence of 0% in PLWH in the same period. Overall, in
our study, the positivity rate of PLWH was markedly lower when compared with the SARS-
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CoV-2 IgG seroprevalence data obtained in the Vatican City (Rome) general population in a
different study [16], which considered the period June 2020-November 2020, and that was
also analyzed in our study. Indeed, the percentages of positive cases among individuals
from the Vatican City enclave during the inter-wave period varied over time, i.e., it was
5.97% in June, 1% in July and 3.81% in August (vs. 0%, 0.48% and 1.52%, respectively in our
PLWH cohort) and during the second wave it was 3.11% in September, 2.06% in October
and 7.66% in November (vs. 0.71%, 1.59% and 1.10%, respectively). Thus, the overall
infection rates in PLWH in our study appear to be lower than comparative data from the
general population from the same Rome area in the corresponding period. Moreover, other
available seroprevalence data on the Italian general population from regions with a similar
SARS-CoV-2 endemicity during the first pandemic phase showed a higher positivity rate
compared to that of the PLWH in our study [17].

We can conclude that our findings from this setting appear to be consistent with
the findings from recent IgG seroprevalence studies [13,14], and they support previous
population-based analysis [6,7]. Spinelli et al. speculated that PLWHs could have been
vigilant because they perceived themselves to be at higher risk, or additional services
available to PLWH through local Care programs might have facilitated the ability of PLWH
to shelter in place [14]. On the other hand, it was previously postulated that, in PLWH,
as in the general population, other non-HIV-related variables, such as work activities or
adherence to social-distancing procedures, might have been prominent in determining the
risk of infection. [18,19]. In light of our results and the increasing evidence from different
contexts, we also think that a systematic analysis of the potential determinants of a low
susceptibility to SARS-CoV-2 coinfection among PLWH, including a potential protective
role of ART, is warranted, and it should be a focus of future investigations. Since anti-HIV
drugs have been proposed as possibly being effective against SARS-CoV-2, some authors
have hypothesized that ART, and in particular protease inhibitors, could have a protective
effect on SARS-CoV-2 infection [20]. Furthermore, several reports have indicated the use
of specific antiretrovirals as potentially protective against the risk of infection with SARS-
CoV-2, given its reported effect against SARS-CoV-2 polymerase [21–23]. However, in
our study we failed to identify an association between the type of ART-regimen or other
risk factors and evidence of infection with SARS-CoV-2 in PLWH, probably due to the
overall low number of events. All patients who resulted IgG positive were on effective
ART, with virological suppression, a high median CD4 count and with a median CD4/CD8
ratio that could be superimposed on the remaining HIV+/SARS-CoV-2 negative subjects.
Nevertheless, it is interesting to note that in our study the median age of PLWH who
resulted SARS-CoV-2 IgG positive was 51.4 years (IQR 39.5–60.0), which is about a decade
lower than the median age observed in the general population with COVID-19 in Italy
during the outbreak [24]. Many studies from different contexts have also reported the same
phenomenon, which has been associated with a possible accelerated and/or accentuated
aging process experienced by PLWH [2].

One strength of this study is that we estimated the seroprevalence rate by considering
as ‘truly’ positive only samples which tested positive on both assays employed. Indeed,
this double approach substantially increases the positive predictive value of the laboratory
result, which is lower when using only one assay in a context where the prevalence in a
population is low and it decreases the number of false positive results [25]. On the other
hand, a negative test result does not rule out current or previous COVID-19 infection,
because it is known that it takes at least 7–14 days to produce a measurable antibody
response, and some individuals could not produce a sufficient antibody response at all [26].
A limitation of our study is that we could not compare our population with a sample of
sex/age matched HIV-uninfected patients. Unfortunately, prevalence data on the general
population are scarce and do not seem to show differences in seroprevalence according to
gender. Regarding age, the general Italian data show a lower prevalence of SARS-CoV-2
infection in those aged 0–5 years or >85 years, two age strata that were not included in our
sample of HIV-infected patients. Indeed, no differences in prevalence were observed in
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the other age strata [15]. Therefore, based on these observations, comparing our data with
those of the general population might allow us to draw some conclusions, although there
is no certainty that the two populations are sex/age matched. The limits of our analysis
include the fact that it was focused on the cumulative seroprevalence of anti-SARS-CoV-2
antibodies without differentiating between IgM and IgG. Moreover, we did not confirm
IgG positivity against SARS-CoV-2 with the result of a nasopharyngeal RT-PCR test and
thus we were unable to differentiate between active and past infections; however, at the
time of sampling no patient reported symptoms related to COVID-19. Furthermore, our
results can be considered as representative of the Italian HIV-infected population engaged
in outpatient care facilities in central Italy; most of these are currently on ART and virally
suppressed, as stated in the latest report [27]. Thus, further evaluations are certainly
needed in the heterogeneous community of PLWH to analyze cohorts with a different
viro-immunological profile. Despite these limitations, to the best of our knowledge, this is
the largest amount of data that has been presented on the seroprevalence of SARS-CoV-2
infection in PLWH. Although more comparative data are required, our findings from this
setting show a low IgG SARS-CoV-2 prevalence among PLWH as compared to the data
available from the general population. Our results represent a novel important contribution
regarding the debated potential contribution of HIV and/or ART to the risk of SARSCoV-2
co-infection in PLWH.

Author Contributions: Conceptualization, F.L.; methodology, F.L. and R.R.; formal analysis, F.L.; inves-
tigation, R.R.; resources, E.T., E.V., A.B., A.C. and G.B.; data curation, F.L. and S.B.; writing—original draft
preparation, F.L. and S.B.; writing—review and editing, M.F.; visualization, F.L.; supervision, S.D.G. and
M.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Ethical Committee of ‘Fondazione Policlinico
Universitario A. Gemelli IRCCS’-, ID 3070 on 30/3/2020.

Informed Consent Statement: All patients included in the study gave their written informed consent,
which allowed us to use both the stored plasma samples and the clinical data.

Data Availability Statement: All the data used in this study will be made available upon request.

Acknowledgments: We highly thank the clinical staff and the participants of the study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Cooper, T.J.; Woodward, B.L.; Alom, S.; Harky, A. Coronavirus disease 2019 (COVID-19) outcomes in HIV/AIDS patients: A

systematic review. HIV Med. 2020, 21, 567–577. [CrossRef]
2. Prabhu, S.; Poongulali, S.; Kumarasamy, N. Impact of COVID-19 on people living with HIV: A review. J. Virus Erad. 2020, 6,

100019. [CrossRef]
3. Shiau, S.; Krause, K.D.; Valera, P.; Swaminathan, S.; Halkitis, P.N.J.A. The burden of COVID-19 in people living with HIV: A

syndemic perspective. AIDS Behav. 2020, 24, 2244–2249. [CrossRef] [PubMed]
4. Tesoriero, J.M.; Swain, C.-A.E.; Pierce, J.L.; Zamboni, L.; Wu, M.; Holtgrave, D.R.; Gonzalez, C.J.; Udo, T.; Morne, J.E.;

Hart-Malloy, R.; et al. COVID-19 outcomes among persons living with or without diagnosed HIV infection in New York State.
JAMA Netw. Open 2021, 4, e2037069. [CrossRef]

5. Chang, J.J.; Bruxvoort, K.; Chen, L.H.; Rodriguez, J.; Akhavan, B.; Hechter, R.C. COVID-19 testing, characteristics, and outcomes
among people living with HIV in an integrated health system. Open Forum Infect. Dis. 2020, 7 (Suppl. 1), S171–S172. [CrossRef]

6. Inciarte, A.; Gonzalez-Cordon, A.; Rojas, J.; Torres, B.; De Lazzari, E.; De La Mora, L.; Martinez-Rebollar, M.; Laguno, M.;
Callau, P.; Gonzalez-Navarro, A.; et al. Clinical characteristics, risk factors, and incidence of symptomatic COVID-19 in adults
living with HIV: A single-center, prospective observational study. AIDS 2020, 34, 1775–1780. [CrossRef] [PubMed]

7. Del Amo, J.; Polo, R.; Moreno, S.; Diaz, A.; Martinez, E.; Arribas, J.R.; Jarrín, I.; Hernán, M.A. Incidence and severity of
COVID-19 in HIV-positive persons receiving antiretroviral therapy: A cohort study. Ann. Intern. Med. 2020, 173, 536–541.
[CrossRef] [PubMed]

8. Brown, L.B.; Spinelli, M.A.; Gandhi, M. The interplay between HIV and COVID-19: Summary of the data and responses to date.
Curr. Opin. HIV AIDS 2021, 16, 63–73. [CrossRef] [PubMed]

http://doi.org/10.1111/hiv.12911
http://doi.org/10.1016/j.jve.2020.100019
http://doi.org/10.1007/s10461-020-02871-9
http://www.ncbi.nlm.nih.gov/pubmed/32303925
http://doi.org/10.1001/jamanetworkopen.2020.37069
http://doi.org/10.1093/ofid/ofaa439.390
http://doi.org/10.1097/QAD.0000000000002643
http://www.ncbi.nlm.nih.gov/pubmed/32773471
http://doi.org/10.7326/M20-3689
http://www.ncbi.nlm.nih.gov/pubmed/32589451
http://doi.org/10.1097/COH.0000000000000659
http://www.ncbi.nlm.nih.gov/pubmed/33186229


Diagnostics 2021, 11, 1154 10 of 10

9. Lipsitch, M.; Swerdlow, D.L.; Finelli, L. Defining the Epidemiology of Covid-19—Studies Needed. N. Engl. J. Med. 2020, 382,
1194–1196. [CrossRef]

10. Signorelli, C.; Odone, A.; Gianfredi, V.; Bossi, E.; Bucci, D.; Oradini-Alacreu, A.; Frascella, B.; Capraro, M.; Chiappa, F.; Blandi, L.;
et al. The spread of COVID-19 in six western metropolitan regions: A false myth on the excess of mortality in Lombardy and the
defense of the city of Milan. Acta Biomed. 2020, 9, 23–30.

11. Italian Ministry of Health (Ministero della Salute). Novel Coronavirus. Available online: http://www.salute.gov.it/portale/
nuovocoronavirus/homeNuovoCoronavirus.jsp?lingua=english (accessed on 11 December 2020).

12. Noe, S.; Schabaz, F.; Heldwein, S.; Mayer, W.; Ruecker, K.; Tiller, F.W.; Von Krosigk, A.; Wiese, C.; Balogh, A.; Gersbacher, E.; et al.
HIV and SARS-CoV-2 co-infection: Cross-sectional findings from a German ‘hotspot’. Infection 2021, 2, 1–8. [CrossRef]

13. Papalini, C.; Paciosi, F.; Schiaroli, E.; Pierucci, S.; Busti, C.; Bozza, S.; Mencacci, A.; Francisci, D. Seroprevalence of anti-SARS-CoV2
antibodies in Umbrian persons living with HIV. Mediterr, J. Hematol Infect. Dis. 2020, 12, e2020080. [CrossRef] [PubMed]

14. Spinelli, M.A.; Lynch, K.L.; Yun, C.; Glidden, D.V.; Peluso, M.J.; Henrich, T.J.; Gandhi, M.; Brown, L.B. SARS-CoV-2 seroprevalence,
and IgG concentration and pseudovirus neutralising antibody titres after infection, compared by HIV status: A matched case-
control observational study. Lancet HIV 2021. [CrossRef]

15. Available online: https://www.istat.it/it/files/2020/08/ReportPrimiRisultatiIndagineSiero.pdf (accessed on 3 March 2021).
16. Ralli, M.; Arcangeli, A.; Soave, P.M.; Voglino, M.C.; De-Giorgio, F. SARS-CoV-2 seroprevalence in the Vatican City State. Eur. J.

Intern. Med. 2021, 86, 98–99. [CrossRef]
17. Santi, M.; Diotallevi, A.; Brandi, G. Seroprevalence of Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) infection

in an Italian cohort in Marche Region, Italy. Acta Biomed. 2021, 92, e2021070. [CrossRef]
18. Maggiolo, F.; Zoboli, F.; Arosio, M.; Valenti, D.; Guarneri, D.; Sangiorgio, L.; Ripamonti, D.; Callegaro, A. SARS-CoV-2 infection in

persons living with HIV: A single center prospective cohort. J. Med. Virol. 2021, 93, 1145–1149. [CrossRef] [PubMed]
19. Chou, R.; Dana, T.; Buckley, D.I.; Selph, S.; Fu, R.; Totten, A.M. Epidemiology of and risk factors for coronavirus infection in

health care workers. Ann. Intern. Med. 2020, 173, 120–136. [CrossRef]
20. Joob, B.; Wiwanitkit, V. SARS-CoV-2 and HIV. J. Med. Virol. 2020, 92, 1415. [CrossRef]
21. Gervasoni, C.; Meraviglia, P.; Riva, A.; Giacomelli, A.; Oreni, L.; Minisci, D.; Atzori, C.; Ridolfo, A.; Cattaneo, D. Clinical features

and outcomes of HIV patients with coronavirus disease 2019. Clin. Infect. Dis. 2020, 71, 2276–2278. [CrossRef] [PubMed]
22. Elfiky, A.A. Ribavirin, remdesivir, sofosbuvir, galidesivir, and tenofovir against SARS-CoV-2 RNA dependent RNA polymerase

(RdRp): A molecular docking study. Life Sci. 2020, 253, 117592. [CrossRef]
23. Jockusch, S.; Tao, C.; Li, X.; Anderson, K.T.; Chien, M.; Kumar, S.; Russo, J.J.; Kirchdoerfer, R.; Ju, J. Triphosphates of the two

components in DESCOVY and TRUVADA are inhibitors of the SARS-CoV-2 polymerase. bioRxiv 2020. [CrossRef]
24. Epicentro. Available online: https://www.epicentro.iss.it/coronavirus/bollettino/Bollettino-sorveglianza-integrata-COVID-

19.pdf (accessed on 2 April 2020).
25. Centers for Disease Control and Prevention Interim Guidelines for COVID-19 Antibody Testing in Clinical and Public Health

Settings. 2020; (Updated August 1). Available online: https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-
tests-guidelines.html (accessed on 3 November 2020).

26. Long, Q.-X.; Liu, B.-Z.; Deng, H.-J.; Wu, G.-C.; Deng, K.; Chen, Y.-K.; Liao, P.; Qiu, J.-F.; Lin, Y.; Cai, X.-F.; et al. Antibody responses
to SARS-CoV-2 in patients with COVID-19. Nat. Med. 2020, 26, 845–848. [CrossRef] [PubMed]

27. Available online: https://www.unaids.org/en/regionscountries/countries/italy (accessed on 3 November 2020).

http://doi.org/10.1056/NEJMp2002125
http://www.salute.gov.it/portale/nuovocoronavirus/homeNuovoCoronavirus.jsp?lingua=english
http://www.salute.gov.it/portale/nuovocoronavirus/homeNuovoCoronavirus.jsp?lingua=english
http://doi.org/10.1007/s15010-020-01564-8
http://doi.org/10.4084/mjhid.2020.080
http://www.ncbi.nlm.nih.gov/pubmed/33194154
http://doi.org/10.1016/S2352-3018(21)00072-2
https://www.istat.it/it/files/2020/08/ReportPrimiRisultatiIndagineSiero.pdf
http://doi.org/10.1016/j.ejim.2021.01.029
http://doi.org/10.23750/abm.v92i1.10847
http://doi.org/10.1002/jmv.26352
http://www.ncbi.nlm.nih.gov/pubmed/32706409
http://doi.org/10.7326/M20-1632
http://doi.org/10.1002/jmv.25782
http://doi.org/10.1093/cid/ciaa579
http://www.ncbi.nlm.nih.gov/pubmed/32407467
http://doi.org/10.1016/j.lfs.2020.117592
http://doi.org/10.1101/2020.04.03.022939
https://www.epicentro.iss.it/coronavirus/bollettino/Bollettino-sorveglianza-integrata-COVID-19.pdf
https://www.epicentro.iss.it/coronavirus/bollettino/Bollettino-sorveglianza-integrata-COVID-19.pdf
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests-guidelines.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests-guidelines.html
http://doi.org/10.1038/s41591-020-0897-1
http://www.ncbi.nlm.nih.gov/pubmed/32350462
https://www.unaids.org/en/regionscountries/countries/italy

	Introduction 
	Materials and Methods 
	Study Cohort 
	Evaluation of SARS-CoV-2 Seroprevalence 
	Statistical Analysis 

	Results 
	Discussion 
	References

