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Sociodemographic, clinical, and immunological factors
associated with SARS-CoV-2 diagnosis and severe COVID-19
outcomes in people living with HIV: a retrospective cohort
study

Daniel K Nomah*, Juliana Reyes-Uruefia*, Yesika Diaz, Sergio Moreno, Jordi Aceiton, Andreu Bruguera, Rosa M Vivanco-Hidalgo, Josep M Llibre,
Pere Domingo, Viceng Falcé, Arkaitz Imaz, Cristina Cortés, Lluis Force, Emili Letang, Ingrid Vilard, Jordi Casabona, Jose M Miro, and the PISCIS
study group

Summary
Background Factors affecting outcomes of SARS-CoV-2 infection in people living with HIV are unclear. We assessed
the factors associated with SARS-CoV-2 diagnosis and severe outcomes among people living with HIV.

Methods We did a retrospective cohort study using data from the PISCIS cohort of people with HIV in Catalonia (Spain)
between March 1 and Dec 15, 2020. We linked PISCIS data with integrated health-care, clinical, and surveillance
registries through the Public Data Analysis for Health Research and Innovation Program of Catalonia (PADRIS) to
obtain data on SARS-CoV-2 diagnosis, chronic comorbidities, as well as clinical and mortality outcomes. Participants
were aged at least 16 years in care at 16 hospitals in Catalonia. Factors associated with SARS-CoV-2 diagnoses and
severe outcomes were assessed using univariable and multivariable Cox regression models. We estimated the effect
of immunosuppression on severe outcomes (hospital admission for >24 h with dyspnoea, tachypnoea, hypoxaemia,
asphyxia, or hyperventilation; or death) using Kaplan-Meier survival analysis.

Findings We linked 20847 (72-8%) of 28 666 participants in the PISCIS cohort with PADRIS data; 13142 people had
HIV. 749 (5-7%) people with HIV were diagnosed with SARS-CoV-2: their median age was 43 -5 years (IQR 37-0-52-7),
131 (17-5%) were female, and 618 (82-5%) were male. 103 people with HIV (13-8%) were hospitalised, seven (0-9%)
admitted to intensive care, and 13 (1-7%) died. SARS-CoV-2 diagnosis was more common among migrants (adjusted
hazard ratio 1-55, 95% CI 1-31-1-83), men who have sex with men (1-42, 1-09-1-86), and those with four or more
chronic comorbidities (1-46, 1-09-1-97). Age at least 75 years (5-2, 1-8-15-3), non-Spanish origin (2-1, 1-3-3-4), and
neuropsychiatric (1-69, 1-07-2-69), autoimmune disease (1-92, 1-14-3-23), respiratory disease (1-84, 1-09-3-09),
and metabolic disease (2-59, 1-59—4-23) chronic comorbidities were associated with increased risk of severe outcomes.
A Kaplan-Meier estimator showed differences in the risk of severe outcomes according to CD4 cell count in patients
with detectable HIV RNA (p=0-039) but no differences were observed in patients with undetectable HIV RNA (p=0-15).

Interpretation People living with HIV with detectable HIV viraemia, chronic comorbidities, and some subpopulations
could be at increased risk of severe outcomes from COVID-19. These groups should be prioritised in clinical
management and SARS-CoV-2 vaccination programmes.

Funding Fundaci6 “la Caixa”.

Copyright © 2021 Published by Elsevier Ltd. All rights reserved.

Introduction minimising disease severity’ The potential protection

At the beginning of the COVID-19 pandemic, people living
with HIV, particularly those with low CD4 cell count,
detectable HIV RNA viral load, chronic comorbidities, and
not receiving antiretroviral therapy (ART), were speculated
to be at an increased risk of severe disease from the co-
infection.”” The first published case series and cohort
studies on the incidence of COVID-19 or adverse outcomes
among people with HIV, however, showed contradictory
results and remains a matter of debate.* In fact, reports
suggested that high HIV viraemia and low CD4 cell count
might restrict COVID-19-associated immune dysregulation
and diminish the development of a cytokine storm, hence,
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from some anti-HIV agents has also been postulated
by different studies.® The therapeutic effects of these
medications against COVID-19 are, however, inconclusive.®

Nevertheless, a report from the WHO Global Clinical
Platform for COVID-19 involving 37 countries indicated
that HIV is an independent risk factor for severe or
critical presentation at hospital admission and in-hospital
mortality” This finding is similar to those from the UK®
and South Africa,’ reporting increased mortality risk for
patients co-infected with HIV and SARS-CoV-2.

The potential effect of immunosuppression and un-
suppressed HIV RNA on severe COVID-19 outcomes
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Research in context

Evidence before this study

We searched PubMed, Embase, MEDLINE, medRxiv, and Google
Scholar using the search terms “SARS-CoV-2" or “COVID-19" or
“coronavirus disease 2019” and “HIV” or "AIDS” or “human
immunodeficiency virus” from Jan 1 to Oct 30, 2020, without
language restrictions. The published data was inconclusive
regarding an increased risk of people living with HIV to
SARS-CoV-2 infection. The largest cohort study of SARS-CoV-2
infection among people with HIV in Europe (77590 people
with HIV) found a higher incidence than in the general
population (3-7 per 10 000 vs 2-1 per 10 000). Factors
associated with SARS-CoV-2 diagnoses have not, however,
been assessed in large cohort studies of people with HIV.

Three large studies subsequently suggested an increased
incidence of severe COVID-19 outcomes for people with HIV.
There were, however, common limitations, such as an
inadequate adjustment for potentially confounding variables
including socioeconomic factors, comorbidities, and
immunological markers (CD4 cell count and plasma HIV RNA
viral load). Whether immunosuppression and unsuppressed HIV
viraemia are associated with severe COVID-19 outcomes is
unknown. In a large study from South Africa, lower CD4 cell
count was associated with higher mortality, but CD4 cell count
was only measured during the presence of SARSCoV-2
co-infection and could be misleading.

has become a matter of concern.” A pooled analysis of
a combined group of 175 patients with both HIV and
SARS-CoV-2 from Germany, Italy, and Spain identified
an association between low CD4 count (<350 cells per pL)
and severe COVID-19 (adjusted odds ratio 2-85, 95% CI
1-26—6-44; p=0-01)." In this study, a lower nadir CD4 cell
count was associated with increased mortality risk." The
study from South Africa reported a similar increased risk
of mortality for co-infected patients with CD4 counts
less than 200 cells per pL.° This study did not, however,
capture data on socioeconomic status and obesity, both of
which can be associated with increased mortality. Little is
known about the effect of detectable HIV viral load on
patients with severe COVID-19. An analysis by Tesoriero
and colleagues in New York (NY, USA) showed that
co-infected patients with detectable HIV viraemia were
30% more likely to be hospitalised, compared with those
not living with an HIV diagnosis.”

Moreover, COVID-19 might cause more adverse
outcomes among people with HIV because of the
increasing prevalence of comorbidities such as diabetes,
chronic obstructive pulmonary disease, and chronic
kidney disease in this population.” The high presence
of overlapping social determinants of health such as
low socioeconomic status, sex, gender, racial and
minority ethnic groups, and mental health burden
might also contribute to more severe outcomes of
COVID-19 among people with HIV.*

Added value of the study

In this observational cohort study, we investigated SARS-CoV-2
diagnosis and severe outcomes in a cohort of people with HIV.
To the best of our knowledge, this study of 749 people with HIV
with SARS-CoV-2 co-infection is the largest in Europe.

103 (13-8%) co-infected patients were hospitalised and

13 (1-7%) died. All SARS-CoV-2 diagnoses were laboratory
confirmed. SARS-Cov-2 diagnoses were increased among
migrants, men who have sex with men (MSM), and those with
four or more comorbidities. Being aged 75 years or older,

of non-Spanish origin, with chronic comorbidities, and
detectable HIV viraemia were associated with severe COVID-19.

Implications of all the available evidence

Our findings are incongruous with those of previous studies,
which observed reduced SARS-CoV-2 diagnosis rates among
people with HIV. Factors such as non-Spanish origin,
multimorbidity, and MSM were associated with SARS-CoV-2
diagnosis, and studies are needed to further explore this
association. Our results also show that subpopulations

(eg, migrants, people aged 75 years or older, and people with
HIV with chronic comorbidities and unsuppressed HIV RNA
viral load) could be at increased risk of severe COVID-19
outcomes and should be prioritised in terms of clinical
management and SARS-CoV-2 vaccination programmes.

The existing controversy on the effect of SARS-CoV-2
on people with HIV is partly a result of study limitations,
including inadequate sample sizes and an absence of
data on key variables that potentially confound results
(eg, socioeconomic factors, CD4 cell count, plasma HIV
RNA concentrations, ART, and chronic comorbidities).
Large population-based studies are imperative to assess
whether people with HIV or subpopulations thereof are
at increased risk of SARS-CoV-2 infection and severe
COVID-19 disease after adjusting for potential con-
founders. Additional studies are also crucially needed to
investigate whether immunosuppression and detectable
HIV RNA are associated with severe COVID-19. To date,
data available are inconclusive on these matters.”

In this study, we aimed to describe the sociodemographic
and clinical characteristics associated with SARS-CoV-2
diagnosis and COVID-19 outcomes among people living
with HIV in Catalonia (Spain), and assess the risk factors
for severe disease prognosis in a multicentre population-
based cohort of people with HIV (Populational HIV
Cohort from Catalonia and Balearic Islands [PISCIS]).

Methods

Study design and population

We did an observational retrospective cohort study using
the PISCIS cohort of people with HIV in Catalonia,
Spain, between March 1 and Dec 15, 2020. The design
of the PISCIS cohort has been described elsewhere.”

www.thelancet.com/hiv Vol 8 November 2021
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Briefly, PISCIS is a population-based cohort of people
with HIV aged at least 16 years in care at 16 hospitals
in Catalonia. The cohort has collected sociodemographic
and clinical data since Jan 1, 1998.

We linked PISCIS data with integrated health-care,
clinical, and surveillance registries through the Public
Data Analysis for Health Research and Innovation
Program of Catalonia (PADRIS) to obtain data on
SARS-CoV-2 diagnosis, chronic comorbidities, as well
as clinical and mortality outcomes (appendix 4 p 1).
PADRIS encompasses patient-level information on
overall public health-care usage including primary,
emergency, outpatient, and inpatient care, laboratory
and diagnostic tests, pharmacy, and disease surveillance
registries.” We excluded patients who were recorded
dead before Feb 1, 2020.

The study was done in accordance with the Declaration
of Helsinki and adhered to existing legislation on data
protection. The PISCIS cohort study has been approved
by the Institutional Review Board of Germans Trias i Pujol
Hospital, Badalona, Spain. All participating patients have
signed informed consent forms. Patient information
obtained from PADRIS was anonymised and de-identified
before analysis.

Procedures
SARS-CoV-2 diagnoses, hospital admissions, and
mortality were assessed among people with HIV in

the PISCIS-PADRIS cohort. SARS-CoV-2 diagnosis
was defined by a nucleic acid amplification test or
antigen detection from respiratory samples, or anti-
bodies detection according to the Spanish Ministry of
Health guidelines.”

Severe COVID-19 outcome was defined as hospitalisation
(admission for >24 h with any of the following signs:
dyspnoea, tachypnoea, hypoxaemia, asphyxia, or hyper-
ventilation), admission to an intensive care unit (ICU),
or death.

We extracted the most recent data on sociodemographic
characteristics (age, sex, country of origin, and socio-
economic status), HIV-associated variables, chronic co-
morbidities, SARS-CoV-2 diagnosis, hospitalisation, and
mortality. The HIV-associated variables analysed were
years since diagnosis; transmission group (people who
inject drugs [PWID]; men who have sex with men [MSM];
male heterosexual; female homosexual, heterosexual, or
bisexual); years on ART; current ART; most recent CD4
count (<200 cells per pL, 200499 cells per pL, or
2500 cells per pL), and HIV RNA viral load (detectable
and undetectable). Undetectable plasma viral load was
defined as HIV RNA of 50 copies per mL or lower.
Immunosuppression was defined as CD4 count of less
than 200 cells per pL.

We used the International Classification of Diseases
(ICD), ninth and tenth revisions, to extract chronic co-
morbidities. The ICD classification system was modified

28666 people living with HIV included
in the PISCIS cohort
28567 in PADRIS

20847 with data linked in PISCIS and PADRIS

4726 lost to follow-up
2979 died before Feb 1, 2020

.

A 4

| 13142 followed up

v

|
v

| 749 diagnosed with SARS-CoV-2 infection

| 12393 SARS-CoV-2 negative |

v

| 646 managed ambulatorily |

v

| 103 admitted to hospital |

7 1CU admissions

96 non-ICU admissions

v v v v v

v

| 646 recovered | | 0 died | | 6 recovered | | 1 died

| | 84 recovered

| | 12 died

Figure 1: Patient flow diagram
ICU=intensive care unit. PADRIS=Public Data Analysis for Health Research and Innovation Program of Catalonia.
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People living with SARS-CoV-2 negative  SARS-CoV-2 positive  Hospital admission Death
HIV (n=13142) (n=12393) (n=749) (n=103) (n=13)
Sex*
Male 10739 (81-7%) 10121 (81-7%) 618 (82:5%) 81 (78-6%) 10 (76-9%)
Female 2402 (18:3%) 2271 (18-2%) 131 (17:5%) 22 (21-4%) 3(231%)
Unknown 1(<1%) 1(<1%) 0 0 0
Age, yearst
Median (IQR) 47-6 (39-6-54-9) 47-8 (39-8-55-0) 435 (37-0-52.7) 52:3(43-4-59-8) 60-2 (53-6-67-5)
16-39 3442 (26:2%) 3181 (25:7%) 261 (34-9%) 16 (15-5%) 1(7:7%)
40-64 8870 (67-5%) 8426 (68-0%) 444 (593%) 71(68:9%) 7 (53-9%)
65-74 643 (4-9%) 610 (4-9%) 33 (4-4%) 10(97%) 3(23:1%)
275 187 (1-4%) 176 (1-4%) 11 (1-5%) 6 (5-8%) 2 (15-4%)
Place of birth$
Spain 8564 (65-2%) 8162 (65-9%) 402 (53-7%) 59 (57-3%) 11 (84-6%)
Outside Spain 4576 (34-8%) 4229 (34-1%) 347 (46-3%) 44 (42:7%) 2 (15-4%)
Unknown 2 (<0-1%) 2 (<0-1%) 0 0 0
Socioeconomic status
Least deprived 6377 (48:5%) 6004 (48-5%) 373 (49-8%) 54 (52-4%) 5 (38-5%)
Mildly deprived 2523 (19-2%) 2409 (19-4%) 114 (15-2%) 12 (11:7%) 3(231%)
Most deprived 3941 (30-0%) 3696 (29-8%) 245 (32:7%) 34 (33-0%) 5(38:5%)
Missing 301 (2:3%) 284 (2:3%) 17 (2:3%) 3(2:9%) 0
HIV transmission route
PWID 1876 (14-3%) 1817 (14-7%) 59 (7-9%) 19 (18-5%) 2 (15-4%)
MSM 6870 (52-3%) 6425 (51-8%) 445 (59-4%) 48 (46-6%) 4(30-8%)
Male heterosexual 1768 (13-5%) 1680 (13-6%) 88 (11-8%) 14 (13-6%) 4 (30-8%)
Female heterosexual, 1714 (13-0%) 1609 (13-0%) 105 (14-0%) 15 (14-6%) 2 (15-4%)
homosexual, or bisexual
Other 787 (6:0%) 741 (6-0%) 46 (6-1%) 7 (6-8%) 1(7-7%)
Missing 127 (1-0%) 121 (1-0%) 6 (0-8%) 0 0
Years since HIV diagnosis 12.0 (7-0-187) 121 (7-1-18-9) 10-3 (6:1-157) 14-4 (9-4-207) 17-4 (12:7-217)
CD4 count (cells per L)
<200 413 (3:1%) 388 (31%) 25 (3:3%) 8 (7-8%) 2 (15-4%)
200-499 2716 (20-7%) 2552 (20-6%) 164 (21-9%) 30 (29-1%) 6 (46:2%)
=500 9451 (71-9%) 8922 (72:0%) 529 (70-6%) 60 (58-3%) 5(38-5%)
Missing 562 (4-3%) 531 (4-3%) 31 (41%) 5 (4-9%) 0
Median (IQR) 6925 (500-0-917-0) 6920 (500-0-917-0) 6955 (483.5-912:3)  611.0 (387-5-865:8)  469-0 (250-0-587-0)
CD4/CD8 ratio 0-9 (0-6-1-2) 0.9 (0-6-1-2) 0.9 (0-6-1-2) 0-8 (0-6-1-1) 07 (0-5-1.0)
Plasma HIV RNA viral load
Detectable 1068 (8:1%) 1017 (8:2%) 51 (6-8%) 14 (13-6%) 1(7-7%)
Undetectable 10758 (81:9%) 10136 (81-8%) 622 (83-0%) 76 (73-8%) 10 (76:9%)
Missing 1316 (10-0%) 1240 (10-0%) 76 (10-2%) 13 (12:6%) 2 (15-4%)
Number of chronic comorbidities
0 4489 (34-2%) 4231 (34-1%) 258 (34-5%) 5(4-9%) 0
1 3434 (26-2%) 3247 (26:2%) 187 (25-0%) 21 (20-4%) 2 (15-4%)
2 2244 (17-1%) 2106 (17-0%) 138 (18-4%) 19 (18-5%) 1(7:7%)
3 1325 (10-1%) 1253 (10-1%) 72 (9-6%) 22 (21-4%) 3(231%)
>4 1650 (12-6%) 1556 (12-6%) 94 (12-6%) 36 (35:0%) 7 (53-9%)
(Table 1 continues on next page)

to group the most prevalent chronic comorbidities in our
population (appendix 4 p 2).

Socioeconomic status was classified according to the
socioeconomic deprivation level index created by the
Catalan Government according to the basic health area
of residence.” This index is based on five indicators:

proportion of manual workers, proportion of residents
with low education level, proportion with low income,
rate of premature mortality, and rate of avoidable
hospitalisation.” The index produces a continuous
variable of 0 to 100, with zero being the lowest level
and 100 being the highest.® We divided our study
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People living with SARS-CoV-2 negative  SARS-CoV-2 positive  Hospital admission Death
HIV (n=13142) (n=12393) (n=749) (n=103) (n=13)
(Continued from previous page)
Type of chronic comorbidities
Respiratory disease 1665 (12:7%) 1553 (12:5%) 112 (15-0%) 33(32:0%) 6 (46-2%)
Cardiovascular disease 1912 (14-6%) 1800 (14-5%) 112 (15-0%) 31(30-1%) 4(30-8%)
Autoimmune disease 1376 (10-5%) 1282 (10-3%) 94 (12-6%) 22 (21-4%) 2 (15-4%)
Chronic kidney disease 569 (4-3%) 535 (4-3%) 34 (4-6%) 9 (8:7%) 2 (15-4%)
Chronic liver disease 2144 (16-3%) 2038 (16-4%) 106 (14-2%) 33(32:0%) 4(30-7%)
Neuropsychiatric 3458 (26-3%) 3272 (26-4%) 186 (24-8%) 48 (46-6%) 10 (76:9%)
Diabetes (any type) 741 (5-6%) 706 (57%) 35 (4-7%) 11 (10:7%) 0
Metabolic disease 2945 (22-4%) 2781 (22-4%) 164 (22:0%) 53 (51-5%) 5(38-5%)
Cancer 1198 (9-1%) 1133 (9:1%) 65 (8-7%) 15 (14-6%) 5(38-5%)
Hypertension 2752 (20-9%) 2585 (20-9%) 167 (22:3%) 42 (40-8%) 6 (46-2%)
Obesity 1114 (8-5%) 1042 (8-4%) 72 (9-6%) 19 (18-5%) 0
Years on ARTS 9-4 (5-1-15-0) 9.5 (5:1-15-2) 7-8 (4-6-12:9) 11.7 (6:9-17-7) 15-4 (11-2-17-1)
Backbone ART
Tenofovir alafenamide 6606 (50-3%) 6215 (50-2%) 391 (52:2%) 57 (55:3%) 7 (53:9%)
Tenofovir disoproxil fumarate 939 (7-2%) 891 (7-2%) 48 (6-4%) 7 (6-8%) 0
Abacavir plus lamivudine 3820 (29-1%) 3594 (29-0%) 226 (30-2%) 26 (25:2%) 3(231%)
Other 670 (51%) 630 (51%) 40 (53%) 6 (5-8%) 1(7:7%)
Missing 1107 (8-4%) 1063 (8-6%) 44.(5:9%) 7(6-8%) 2 (15:4%)
Third ART
Integrase inhibitors 8048 (61-2%) 7565 (61-0%) 483 (64-5%) 7 (55-3%) 7 (53:9%)
Protease inhibitors 2699 (20-5%) 2574 (20-8%) 125 (16:7%) 29 (28-2%) 3(231%)
NNRTIs 3167 (24:1%) 2993 (24-4%) 174 (23-2%) 28 (27:2%) 4(30:8%)
Other 68 (0-5%) 66 (0-5%) 2(03%) 1(1-0%) 0
Missing 255 (1-9%) 244 (2:0%) 11 (1-5%) 1(1-0%) 0
Data are n (%) or median (IQR). ART=antiretroviral therapy. MSM=men who have sex with men. NNRTI=non-nucleoside reverse transcriptase inhibitor. PWID=people who
inject drugs. *Sex at birth as registered in the health registries of the participating hospitals was used. One participant in the overall cohort had unknown sex. tAge for all
patients was as at Feb 1, 2020. $Country of origin was as indicated by the Public Data Analysis for Health Research and Innovation Program of Catalonia, recorded as Spanish
or non-Spanish. SYears on ART was defined as the difference in time between the first treatment administration date to the latest treatment date or the latest hospital visit if
the latest treatment date was missing.
Table 1: Characteristics of people with HIV with and without SARS-CoV-2 diagnosis, hospitalisation, and death

population into a tertile, with the highest socioeconomic
group being in the first tertile (least deprived) and the
third tertile being the lowest (most deprived).

Statistical analysis

Categorical variables were expressed as counts and
percentages and continuous variables were expressed as
medians and IQRs. Proportions for categorical variables
were compared using the x2 or Fisher’s exact test when
appropriate. Continuous variables were compared with
the Mann-Whitney U test. Univariable and multivariable
Cox proportional hazards regression models were esti-
mated to identify risk factors associated with SARS-
CoV-2 diagnosis and severe COVID-19, providing hazard
ratios (HRs) and unadjusted HRs with 95% Cls.

We assessed the effect of immunosuppression on severe
outcomes stratifying by unsuppressed and suppressed
plasma HIV viral load, using survival analysis techniques.
We reported the survival probability during the study
period using the Kaplan-Meier estimator. We censored
patients who did not have a severe outcome by the end of

www.thelancet.com/hiv Vol 8 November 2021

the follow-up period. The differences between the curves
were assessed with the log-rank test. Statistical significance
was set at a p value of less than 0-05 (two-sided). All
analyses were done with R (version 4.0.0).

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results

We linked 20847 (72-8%) of 28666 participants in
the PISCIS cohort with PADRIS data. 749 (5-7%) of the
13142 people with HIV who were followed up were diag-
nosed with SARS-CoV-2. 103 (13-8%) were hospitalised,
seven (0-9%) were admitted to the ICU, and 13 (1-7%)
died (figure 1).

The median age was 43-5 years (IQR 37-0-52.7) for
co-infected patients and 47-6 years (39-6-54-9) for the
overall cohort. Among co-infected patients, 618 (82-5%)
were male, 131 (17-5%) were female, 347 (46-3%) had
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non-Spanish origin, and 373 (49-8%) were in the least
deprived socioeconomic stratum.

The median time since HIV diagnosis in the co-infected
population was 10-3 years (IQR 6-1-15-7), 14-4 years
(9:-4-20-7) among hospitalised patients, and 17-4 years

(12-7-21-7) among patients who died (table 1). The most
frequently reported HIV transmission group among co-
infected patients was MSM (table 1). 529 (70 - 9%) co-infected
patients had a CD4 count of 500 cells per pL or greater and
622 (83-0%) had HIV viral suppression (table 1).

SARS-CoV-2 diagnosis

Severe COVID-19 outcomes

Female heterosexual, 1-24 (0-93-1-64) 0-14 1-47 (0-79-2-71)
homosexual, or bisexual

Other 118(0-82-168) 037  1.12(0-73-173)
(D4 count, cells per L

=500 1 (ref) - 1 (ref)

200-499 1.09 (0-91-1-29) 0-36 1-14 (0-94-1-39)

<200 111(074-166) 060  134(0-84-213)
Plasma HIV RNA viral load

Undetectable 1 (ref) - 1 (ref)

Detectable 0-83(0-62-110) 020  0-80 (0-59-1.08)
Backbone ART

Other 1 (ref) - 1 (ref)

Tenofovir alafenamide 099 (0-72-137) 0-96 0-97 (0-68-1-38)

Tenofovir disoproxil 0-85 (0-56-1-30) 0-45 0-83(0-52-1-33)

fumarate

Abacavir plus 0-99 (0-71-139) 0-96 1.04 (0-72-1-50)

lamivudine

Number of comorbidities

0 1 (ref) - 1 (ref)

1 0-95(079-1-15) 060  1.04(0-84-128)
2 1.08(0-88-133) 047  1.25(0-98-1.59)
3 0-96 (074-1-24) 074  1.23(0-90-1.68)
>4 1.02(0-80-129)  0-89  1.46(1.09-1.97)

HR (95% Cl); pvalue  Adjusted HR p value HR (95% Cl); pvalue  Adjusted HR p value
n=13142 (95% Cl); n=10227* n=13142 (95% Cl); n=10227*

Sex

Female 1 (ref) - 1 (ref) 1 (ref) - 1 (ref)

Male 106 (0-87-127) 058  1.15(0-68-1.95) 0-61 0-82(0-51-132)  0-42 070 (0-26-1-87) 0-47
Age, years

16-39 1 (ref) - 1 (ref) 1 (ref) - 1 (ref)

40-64 0-65(0-56-076)  <0-0001 0-70 (0-58-0-85)  <0-0001 173 (1:00-2:97) 0-05 1.03 (0-54-1-95) 094

65-74 068 (0:47-0-98)  0-036  0-65(0-42-1.02) 0-059 338 (1:54-7-46)  <0-0001  1.53 (0-58-4-00) 039

275 079 (0-43-1-45) 045  1-00(0-53-1-90) >0-99 710 (2:78-18:14)  <0-0001  3.57 (1-21-10-51) 0021
Place of birth

Spain 1 (ref) - 1 (ref) 1 (ref) - 1 (ref)

Outside Spain 1.64 (1-42-1-89)  <0-0001 1-55 (1-31-1-83) <0:0001  1-40(0-95-2:06)  0-09 2:34(1-46-375)  <0-0001
Socioeconomic status

Least deprived 1 (ref) - 1 (ref) 1 (ref) - 1 (ref)

Mildly deprived 076 (0-62-0.94)  0-012  0-87(0-69-1-10) 026 0-56 (0-30-1-05)  0-07 0-58 (0-29-1-16) 013

Most deprived 1.06 (0-91-1-25) 0445 120 (0-99-145) 0-057 1.02(0-66-1.57)  0.92 113 (0-69-1-84) 063
HIV transmission group

Male heterosexual 1 (ref) - 1 (ref) 1 (ref) - 1 (ref)

PWID 063 (0-45-0-88)  0-0001 0-66 (0-44-0-98) 0-040 128(0-64-255) 048 0-90 (0-36-2-21) 0-81

MSM 131 (1-04-1-65) 0-021  1-42(1.09-1-86) 0-0098 0-88 (0-48-1-59) 0-67 1-49 (0-75-3-00) 0-26

HRs were calculated using Cox proportional hazards models. ART=antiretroviral therapy. HR=hazard ratio. MSM=men who have sex with men. PWID=people who inject
drugs. *Model adjusted for sex, age, country of origin, socioeconomic status, HIV transmission group, backbone ART, plasma HIV RNA viral load (detectable or undetectable),
(D4 cell count (<200 cells per pL, 200-499 cells per pL, and =500 cells per pL), and number of comorbidities.

022 110(0-53-228) 079 075 (0-21-2:70) 0-66
0-59 1-12 (0-45-2-77) 0-81 1-00 (0-33-3-00) 0-99

1 (ref) - 1 (ref)
019 175 (113-2.71) 001  141(0-86-231) 017
021 311(149-650)  <0.0001 1.87(076-462) 017

1 (ref) - 1 (ref)
0-15 1.87(1-06-3-30) 0-03 1.73(0-93-3-23) 0-083

- 1 (ref) - 1 (ref) -

0-86 096 (042-224) 093 142(051-3-99)  0.50
045 083(028-248) 074  1.47(041-526) 056
0-82 076(0-31-1-85) 055 0-99(034-2:87)  0.98

1 (ref) - 1 (ref)
074 5.51(2.08-14-61) <0-0001 5-90 (1.97-17-65)  <0-0001
0-07 7.64 (2:85-20.47) <0.0001 848 (2.76-26:01) <0-0001

019 1509 (571-39-84) <0-0001 18.77 (6-15-57-33)  <0-0001
001 2001 (7-85-50-99) <0-0001 22-63 (7-42-68-97)  <0-0001

Table 2: Factors associated with SARS-CoV-2 diagnosis and severe COVID-19 outcomes among people living with HIV
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Among co-infected patients, 491 (65-5%) had chronic
comorbidities, which was similar to the proportion in the
overall cohort (table 1). The most prevalent comorbidities
among co-infected patients were neuropsychiatric con-
ditions, hypertension, and metabolic disease (table 1). All
patients who died had at least one chronic comorbidity.

705 (94-1%) co-infected patients were on ART before
a SARS-CoV-2 diagnosis (table 1). The median time
on ART was 7-8 years (IQR 4-6-12-9; table 1). Most
co-infected patients and those without SARS-CoV-2
diagnosis (57-3%) were receiving tenofovir-based ART
(table 1).

Patient characteristics in terms of age, country of birth,
HIV transmission group, years since HIV diagnosis,
and years on ART varied significantly between people
living with HIV with and without SARS-CoV-2 diagnosis
(appendix 4 p 29).

In a multivariable Cox regression model, non-Spanish
origin, being MSM, and having four or more chronic
comorbidities were associated with an increased risk of
SARS-CoV-2 diagnosis (table 2). Being a PWID and aged
40-64 years were negatively associated with SARS-CoV-2
diagnosis in adjusted analysis (table 2).

In a multivariable Cox regression analysis, we found
that age 75 years or older, non-Spanish origin, and having
one or more chronic comorbidities were associated with
severe COVID-19 outcomes (table 2). Our adjusted analysis
also showed an increased risk of severe COVID-19 out-
comes for people living with HIV with neuropsychiatric
conditions, autoimmune disease, respiratory disease, and
metabolic disease (figure 2).

Kaplan-Meier survival analysis revealed that, compared
with higher CD4 cell counts, a CD4 count of less than
200 cells per pL was significantly associated with severe
COVID-19 outcomes during the study period (p=0-0010).
A detectable HIV RNA viral load was also associated
with severe COVID-19 outcomes (p=0-029; figure 3).
We then did a Kaplan-Meier survival analysis, stratifying
patients into detectable and undetectable HIV RNA.
We found differences in the risk of severe outcomes
according to CD4 counts in patients with detectable HIV
RNA (p=0-039) but no differences were observed in
patients with undetectable HIV RNA (p=0-15; figure 3).

Discussion

In a multicentre population-based cohort of people
with HIV, SARS-CoV-2 diagnosis was more common
among migrants, MSM, and those with four or more
comorbidities; whereas, severe COVID-19 was associ-
ated with older age and increased numbers of chronic
comorbidities. Notably, we observed differences in the
risk of severe outcomes according to CD4 cell counts
in patients with detectable HIV RNA viral loads. Our
results show that people with HIV with chronic
comorbidities and unsuppressed HIV RNA viral load
could be at increased risk of severe outcomes and
should be prioritised in terms of testing strategies,

www.thelancet.com/hiv Vol 8 November 2021

A CoVID-19 diagnosis Hazard ratio
(95%Cl)
Chronic kidney disease R 114 (0-76-171)
Diabetes — 0-84 (0:57-1-25)
Cancer J — 115 (0-86-1-52)
Cardiovascular disease = 116 (0-91-148)
Obesity JE —— 126 (0-95-1-68)
Neuropsychiatric conditions e 0-97 (0-80-1-18)
Hypertension —. 1.04 (0-84-1-29)
Autoimmune disease — - 130 (1:03-1-66)
Chronic liver disease J 119 (0-92-1.54)
Respiratory disease - 122 (0-96-1-56)
Metabolic disease —.— 1.01(0-81-1-25)
r T T 1

B Severe COVID-19 outcomes

Chronic kidney disease —_—.— 0-90 (0-40-2:04)
Diabetes . 1-00 (0-50-1-99)
Cancer —t— 1-32(0-72-2:41)
Cardiovascular disease —t 130 (0-75-2-25)
Obesity 4 1.67(0:93-2:99)
Neuropsychiatric conditions —. 1-69 (1-07-2-69)
Hypertension 4 1.53(0-92-2:55)
Autoimmune disease B 1.92 (1-14-3-23)
Chronic liver disease —_— 156 (0-88-2.79)
Respiratory disease —. 1-84 (1-09-3-09)
Metabolic disease ——=—— 2.59(1.59-4-23)

0&5 0%0 100 260 460
Adjusted hazard ratios

Figure 2: Estimated hazard ratios for each chronic comorbidity for
SARS-CoV-2 diagnosis and severe COVID-19 outcomes, from a multivariable
Cox model

clinical management, and SARS-CoV-2 vaccination
programmes.

The proportion of patients who tested positive for
SARS-CoV-2 was higher in our study than in the general
population in Catalonia during the same period. Existing
data on the incidence of COVID-19 do not suggest that
the incidence is higher among people living with HIV
compared with the worldwide general population.* In a
large study from New York (NY, USA), the rate of
SARS-CoV-2 diagnosis was higher among people living
with HIV compared with that of the general population
(2:8% vs 1-9%) but, when the analysis was adjusted
for sex, age, and region, the relative risk (RR) between
HIV-positive and HIV-negative individuals was almost
the same (RR 0-94, 95% CI 0-91-0-97).” The testing
protocols in Spain might, however, mask the true
diagnosis rate, because people living with HIV are not
prioritised for SARS-CoV-2 testing.” With emerging data
suggesting an increased risk of severe COVID-19 out-
comes for people living with HIV, testing strategies
should be revised to target this population.

The mortality rate from our study was lower than the
reported mortality rates from other studies of patients
co-infected with HIV and SARS-Cov-2.* The mortality

For data on COVID-19 in
Catalonia see https://dadescovid.
cat
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Figure 3: Kaplan-Meier survival curves for people living with HIV in Catalonia,

rate in the general Catalan population was approximately
double what we found in our population during the
same period. Also, the rate of hospitalisation in our
study was similar to the reported hospitalisation rates in
the general Catalan population during the same period.
In our cohort, patients were younger than in the general
Catalan population and 34-5% of co-infected patients
were without chronic comorbidities. Both older age and
chronic comorbidities have been identified as major risk
factors for severe COVID-19, which partially explains the
lower incidence of poorer outcomes in our population.**

The COVID-19 pandemic has highlighted the existing
health inequities affecting specific subpopulations
because of their social background. After adjusting for
potential confounders, SARS-CoV-2 diagnosis was more
common among individuals born outside of Spain.
A study from Catalonia has shown that precarious employ-
ment is more prevalent among migrants than among
non-migrants and the positive association between
precarious employment and poor health is well known.”
During the COVID-19 pandemic, people in precarious
employment might find it difficult to work from home or
follow physical-distancing guidelines. This situation
might partly explain why SARS-CoV-2 diagnosis is more
prevalent in people of non-Spanish origin. Similar results
were observed in the ENE-COVID study assessing the
seroprevalence of SARS-CoV-2 in the overall Spanish
population.” Intuitively, we would expect socioeconomic

Spain, from March 1 to Dec 15, 2020

deprivation to have similar effects on SARS-CoV-2
diagnosis and severe outcomes as country of origin, but
we did not find this association in our analysis. This
finding could partly be explained by the fact that socio-
economic deprivation in our analysis was an ecological
variable based on place of residence. Place of residence
might not, however, always reflect the socioeconomic level
of an individual.

Our results suggest the possibility of an increased
SARS-CoV-2 diagnosis rate among MSM. Studies from
London, UK,” Brazil,* and Portugal* showed that, despite
implemented isolation measures to control COVID-19
transmission, a large proportion of MSM continued to
engage in sex outside their homes that could potentially
increase their risk of SARS-CoV-2 diagnosis. We, however,
do not have data to support this finding among MSM in
Catalonia. Surprisingly, the decreased risk of SARS-CoV-2
diagnosis among PWID was unanticipated. PWID face
additional risk for COVID-19 infection due to potential
difficulties in adhering to physical distancing and isolation
measures, poor hygiene, stigmatisation, and reduced
access to key services during the pandemic. These social
health disparities could also hamper SARS-CoV-2 testing
opportunities in this population and could contribute,
albeit marginally, to explaining the decreased risk in our
analysis. Our findings call for further studies to understand
the increased risk of SARS-CoV-2 diagnosis among MSM
and the reduced risk among PWID.
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People living with HIV with four or more co-
morbidities were also identified to have an increased
risk of SARS-CoV-2 diagnosis. We conceive that people
with more comorbidities are more likely to become ill
and visit health-care centres more frequently. This
explanation means that such patients are more likely to
be tested for SARS-CoV-2 and hence their increased risk
of SARS-CoV-2 diagnosis in our analysis.

As expected, older age (=75 years) was associated with
a higher risk of severe COVID-19 outcomes. This finding
is similar to that of a large study on the risk factors
of severe COVID-19 showing that people older than
80 years have at least a 20-times risk of severe COVID-19
compared with the 50-59 years age group.” We also
observed an increased risk of severe outcomes for
migrants. This finding is similar to findings from other
studies in the general population that have reported an
increased risk of severe outcomes for migrants and
minority ethnic groups.®* This finding also reflects
the existing vulnerabilities among migrants including
reduced patronage of health-care services, unequal
socioeconomic factors, and an increased prevalence of
comorbidities.”

The effect of comorbidities on severe COVID-19 has
been established in different studies.” Our study shows an
increasing risk of severe COVID-19 with increasing
number of comorbidities. Neuropsychiatric conditions,
autoimmune, respiratory, and metabolic disease were
associated with an increased risk of severe COVID-19
outcomes compared with the group without chronic
diseases. Similar findings have been reported in other
studies.”” Clinical outcomes for people with HIV with
SARS-CoV-2 infection and comorbidities could be
detrimental and therefore special consideration must be
given in the clinical management of such individuals.

Early reports indicated that advanced HIV infection,
immunosuppression, and high viraemia might restrict
COVID-19-associated immune dysregulation and the
development of cytokine storm and therefore might reduce
disease severity.” However, our findings show that low
CD4 count (<200 cells per pL) and detectable plasma HIV
RNA viral load were associated with worse outcomes from
HIV-COVID-19 co-infection. Notably, low CD4 cell count
was not associated with severe outcomes among patients
with HIV virological suppression. These findings are
similar to those of a study by Hoffmann and colleagues
who showed that low CD4 count (<350 cells per pL) or low
nadir CD4 cell count were predictors of worse outcomes."
However, a multicentre study from the USA showed that
CD4 count less than 200 cells per pL, regardless of viro-
logical suppression, was associated with worse outcomes
of HIV-COVID-19 co-infection.” Immunosuppression was
not associated with worse outcomes among patients with
virological suppression in our study.

This study has some limitations. First, because our
overall cohort has not been tested for SARS-CoV-2, we
cannot precisely assess the incidence of the infection in
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our study population. The fact that we found a higher
diagnosis rate than did reports from other cohorts of
people with HIV suggests that, at least during the
first year of the pandemic in Spain, HIV-positive patients
were not specifically targeted for SARS-CoV-2 screening,
but rather testing was done on the basis of presenting
symptoms, existing comorbidities, or age.” Therefore,
we might have overestimated the diagnosis rate in this
population. Second, our data do not include information
on smoking and body-mass index. Both factors are
associated with worse COVID-19 outcomes. Third, we
could not link patient-level information for some PISCIS
cohort participants with the PADRIS data. We were able
to link 20847 out of the 28 666 (72-8%) participants of the
PISCIS cohort with the PADRIS data. But the proportion
of participants alive as of Feb 1, 2020, and followed up
was still a good representable sample size to be analysed
and make deductions.

In conclusion, our results show that among people living
with HIV, migrants, MSM, and those with comorbidities
were at an increased risk of SARS-CoV-2 diagnosis;
however, the diagnosis rate of SARS-CoV-2 infection could
be masked because of the absence of specific testing
policies addressing this population, because testing in
Spain has been based on presenting signs and symptoms
and contact tracing. The fact that people with HIV were
not prioritised for SARS-CoV-2 testing could disguise the
real picture of the pandemic in this population. Finally,
our findings also suggest that people with HIV with
immunosuppression, detectable HIV viraemia, chronic
comorbidities, and subpopulations (eg, older people and
migrants) could be more susceptible to severe outcomes
from COVID-19 and should be prioritised in testing
strategies, clinical management, and considered a target
group for SARS-CoV-2 vaccination programmes.
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