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Background: The incidence and severity of coronavirus disease
2019 (COVID-19) among HIV-positive persons receiving anti-
retroviral therapy (ART) have not been characterized in large
populations.

Objective: To describe the incidence and severity of COVID-19
by nucleos(t)ide reverse transcriptase inhibitor (NRTI) use among
HIV-positive persons receiving ART.

Design: Cohort study.

Setting: HIV clinics in 60 Spanish hospitals between 1 February
and 15 April 2020.

Participants: 77 590 HIV-positive persons receiving ART.

Measurements: Estimated risks (cumulative incidences) per
10 000 persons and 95% Cls for polymerase chain reaction-
confirmed COVID-19 diagnosis, hospitalization, intensive care
unit (ICU) admission, and death. Risk and 95% Cls for COVID-19
diagnosis and hospital admission by use of the NRTIs tenofovir
disoproxil fumarate (TDF)/emtricitabine (FTC), tenofovir alafen-
amide (TAF)/FTC, abacavir (ABC)/lamivudine (3TC), and others
were estimated through Poisson regression models.

Results: Of 77 590 HIV-positive persons receiving ART, 236
were diagnosed with COVID-19, 151 were hospitalized, 15 were
admitted to the ICU, and 20 died. The risks for COVID-19 diag-

nosis and hospitalization were greater in men and persons older
than 70 years. The risk for COVID-19 hospitalization was 20.3
(95% Cl, 15.2 to 26.7) among patients receiving TAF/FTC, 10.5
(Cl, 5.6 to 17.9) among those receiving TDF/FTC, 23.4 (Cl, 17.2
to 31.1) among those receiving ABC/3TC, and 20.0 (Cl, 14.2 to
27.3) for those receiving other regimens. The corresponding
risks for COVID-19 diagnosis were 39.1 (Cl, 31.8 to 47.6), 16.9
(Cl, 10.5 to 25.9), 28.3 (Cl, 21.5 to 36.7), and 29.7 (Cl, 22.6 to
38.4), respectively. No patient receiving TDF/FTC was admitted
to the ICU or died.

Limitation: Residual confounding by comorbid conditions can-
not be completely excluded.

Conclusion: HIV-positive patients receiving TDF/FTC have a
lower risk for COVID-19 and related hospitalization than those
receiving other therapies. These findings warrant further investi-
gation in HIV preexposure prophylaxis studies and randomized
trials in persons without HIV.

Primary Funding Source: Instituto de Salud Carlos Ill and Na-
tional Institutes of Health.
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he recent severe acute respiratory syndrome coro-

navirus 2 (SARS-CoV-2) pandemic (1, 2) has collided
with the preexisting HIV pandemic. By 22 May 2020,
234 824 coronavirus disease 2019 (COVID-19) cases
and 28 628 COVID-related deaths had been reported
in Spain (3), the country with the highest HIV preva-
lence in Europe (4).

The relation between HIV and SARS-CoV-2, how-
ever, is unclear (5-7). Despite the higher mortality due
to COVID-19 reported among some persons with immu-
nosuppression (8), HIV infection was not identified as an
important comorbid condition in hospitalized patients
with COVID-19 in New York City (9) or Madrid (10). One
possibility is that HIV-positive persons do not develop the
intense immunologic response that often complicates the
clinical course of COVID-19 (10). Yet, 8 HIV-positive pa-
tients with COVID-19 in Wuhan, China, had preserved
CD4 cell counts (7).

In fact, COVID-19 might be expected to be more
severe in HIV-positive persons, because risk factors for
severity—older age, male sex, hypertension, diabetes
mellitus, chronic obstructive pulmonary disease, and
kidney disease (9-12)—are common in this population.
In Spain, more than 75% of HIV-positive persons are

men (13, 14), and among those older than 50 years
who are receiving antiretroviral therapy (ART), 24% have
relevant comorbid conditions (CoRIS: AIDS Research Net-
work Cohort. Personal communication, 18 March 2020).
HIV-positive persons have a greater prevalence of geriat-
ric syndromes, such as frailty, at younger ages (15, 16).

The lack of increased risk for serious COVID-19
among HIV-positive persons might be the result of their
use of ART. Antiretroviral therapy was proposed as a pro-
tective factor against SARS in 2003, but the small number
of cases did not permit conclusions to be drawn (17).
Studies of molecular docking and extension reactions
with RNA-dependent RNA polymerase (RNAdRNAp) sug-
gest that nucleos(t)ide reverse transcriptase inhibitors
(NRTIs), such as tenofovir disoproxil fumarate (TDF), teno-
fovir alafenamide (TAF), abacavir (ABC), and lamivudine
(3TC), may be effective against SARS-CoV-2 by inhibiting
RNAJRNAp (18-24).

More than 90% of known HIV-positive persons in
Spain are receiving ART (25), most often 2 NRTIs plus
an integrase inhibitor, a protease inhibitor, or a non-
nucleoside reverse transcriptase inhibitor (NNRTI) (13).
Here, we describe the incidence, clinical severity, and
mortality of COVID-19, by type of NRTI regimen,
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among 77 590 HIV-positive patients receiving ART in
Spain.

METHODS

Data Sources

Between 1 February and 15 April 2020, the HIV
clinics of 60 Spanish hospitals identified all polymerase
chain reaction (PCR)-confirmed COVID-19 diagnoses
among HIV-positive patients receiving ART. For each
confirmed case, the clinics ascertained age, sex, and
ART regimen at the time of the COVID-19 diagnosis.
Regimens were classified according to both the NRTI
backbone (TDF/FTC, TAF/FTC, ABC/3TC, or other
drugs) and the third drug (integrase inhibitor, protease
inhibitor, or NNRTI).

In addition, HIV clinics provided the total number
of HIV-positive patients receiving ART who were being
followed in their units. We obtained the age and sex
distribution, as well as the distribution of ART regimens,
of all HIV-positive persons from the 2019 National HIV
Hospital Survey (13). To examine the possibility of re-
cent changes in ART prescription not captured by the
2019 National HIV Hospital Survey, we compared this
information with that provided by hospital pharmacies.
The distribution was similar among the 36 hospital
pharmacies that reported this information, and virtually
identical for all hospitals in Madrid.

We accessed the national COVID-19 Health Informa-
tion System to obtain the age and sex distribution of con-
firmed COVID-19 diagnoses in the general population.
The age and sex distribution of the population of Spain
was obtained from the National Statistics Institute.

Outcome Definitions

The diagnosis of laboratory-confirmed COVID-19
required positive results from a PCR test following the
Ministry of Health protocols (26). Clinical severity was
graded as diagnosis, hospital admission, intensive care
unit (ICU) admission, and death. Length of hospitaliza-
tion was calculated in days from the date of hospital
admission to the date of discharge.

Statistical Analysis

For each patient, follow-up started on 1 February
and ended on 15 April 2020. We therefore calculated
the 75-day risk (cumulative incidence) and 95% ClI for
COVID-19 diagnosis, hospital admission, ICU admis-
sion, and death, overall and by age group, sex, and
NRTI regimen. We used multivariable Poisson regres-
sion models to estimate risks and 95% Cls for
COVID-19 diagnoses and hospital admissions by NRTI
regimen.

We restricted the analyses to persons living in Ma-
drid, the region with the highest number of COVID-19
diagnoses and largest between-hospital variability in
ART regimens (and, therefore, where the choice of reg-
imen is more likely to be determined by local hospital
preferences). Finally, we compared age- and sex-
standardized risks in HIV-positive patients receiving
ART with those in the general population aged 20 to 79
years.
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Analyses were conducted with Stata, version 15.0
(StataCorp).

Institutional Review Board Approval

This study was approved by the institutional review
board at University Hospital Ramén y Cajal, Madrid,
Spain.

Role of the Funding Source

The funding sources had no role in the design,
conduct, or analysis of the study or in the decision to
submit the manuscript for publication.

RESULTS

Between 1 February and 15 April, 236 PCR-
confirmed diagnoses of COVID-19 were made among
77 590 HIV-positive persons receiving ART in Spain. Of
these, 151 (64%) were hospitalized, with 15 (6%) admit-
ted to the ICU, and 20 (8%) died (Figure).

Table 1 shows the distribution of age group, sex,
and ART in the patients with COVID-19 compared with
all 77 590 HIV-positive persons. The most common
NRTI backbone used among HIV-positive patients was
TAF/FTC (33%), followed by ABC/3TC (26%) and TDF/
FTC (16%). In contrast, only 9% of the patients with
COVID-19 received TDF/FTC. The proportion of per-
sons receiving other regimens (only 3TC in dual thera-
pies or NNRTI in patients treated with protease inhibi-
tor monotherapy) was similar among those with and
without COVID-19. Most patients received regimens
based on integrase inhibitors (50%), followed by
NNRTIs (21%) and protease inhibitors (19%), as the
third drug.

Table 2 shows the risks per 10 000 persons for
COVID-19 diagnosis (30.4), hospital admission (19.5),
ICU admission (1.9), and death (2.6). After standardiza-
tion to the age and sex distribution of Spain, the risk
per 10 000 among the 77 590 HIV-positive persons was
30.0 for COVID-19 diagnosis and 3.7 for death. For
comparison, in the Spanish general population aged
20 to 79 years during the same period, the risk for
COVID-19 diagnosis was 41.7 per 10000 (33.0 per
10 000 after health care workers were excluded) and
the risk for death was 2.1 per 10 000.

Table 2 also shows the risks among HIV-positive
persons stratified by their baseline characteristics. The
risks for COVID-19 diagnosis and hospitalization were
greater in men than women and increased notably in
those older than 70 years. After stratification by NRTI
regimen, persons receiving TDF/FTC had the lowest
risk for COVID-19 diagnosis (16.9 per 10 000) and hos-
pitalization (10.5 per 10 000).

The median duration of hospitalization for 116 dis-
charged patients was 7 days (interquartile range [IQR],
4 to 10 days) and increased by age: 4 days (IQR, 3to 8
days) in the 20- to 39-year age group, 6.5 days (IQR, 4
to 9 days) in the 40- to 49-year group, 6 days (IQR, 5 to
10 days) in the 50- to 59-year group, 8 days (IQR, 6 to
11 years) in the 60- to 69-year group, and 9 days (IQR,
9 to 11 years) in the 70- to 79-year group.
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Figure. Study flow chart of 77 590 HIV-positive persons receiving ART in Spain from 1 February to 15 April 2020.

| Patients receiving ART (n =77 590) |

| Patients with PCR-confirmed diagnosis (n =236) |

| Hospitalized patients (n=151) | | Nonhospitalized patients (n = 85) |
| ICU admissions (n =15) | | Non-ICU admissions (n = 136) | | Died (n=3) | | Recovered (n = 82) |
4 A\ 4
oy - T - ABC/3TC (n=1) ABC/3TC (n=9)
| Died (n =5) | | Recovered (n =10) | |D|ed (n= 12)| | Recovered (n = 124)| TAF/ETC (n=2) TAF/ETC (n = 46)
TDF/FTC (n =8)

Y Y Y Y Dual therapy (n=17)
ABC/3TC (n=2) ABC/3TC (n=4) ABC/3TC (n=5) ABC/3TC (n =36) Others (n=2)
TAF/FTC (n=3) TAF/FTC (n =4) TAF/FTC (n =5) TAF/FTC (n =40)

Dual therapy (n1=2) | | Dual therapy (n=2) TDF/FTC (n=13)
Dual therapy (n=29)
Others (n =6)

3TC = lamivudine; ABC = abacavir; ART = antiretroviral therapy; FTC = emtricitabine; ICU = intensive care unit; PCR = polymerase chain reaction;
TAF = tenofovir alafenamide; TDF = tenofovir disoproxil fumarate.

The risks for diagnosis and hospitalization were those living in the Madrid region. The risks for diagno-
57% lower and 48% lower, respectively, in persons re- sis and hospitalization were 37% versus 20% lower, re-
ceiving TDF/FTC and those receiving TAF/FTC. These spectively, in 3 hospitals that predominantly used teno-
estimates did not materially change after the analysis fovir as TDF/FTC versus 27 that predominantly used
was restricted to persons younger than 60 years and to TAF/FTC.

Table 1. Characteristics of PCR-Confirmed COVID-19 Diagnoses, Hospital Admissions, ICU Admissions, and Deaths Among
77 590 HIV-Positive Persons Receiving ART, 1 February to 15 April 2020, Spain

Characteristic HIV-Positive Persons COVID-19 COVID-19 Hospital COVID-19 ICU COVID-19
Receiving ART, n (%)* Diagnoses, n (%) Admissions, n (%) Admissions, n (%) Deaths, n (%)
Total 77 590 236 151 15 20
Sex
Men 58 120 (75) 204 (86) 136 (90) 12 (80) 16 (80)
Women 19 470 (25) 32(14) 15(10) 3(20) 4(20)
Age
20-39y 14 506 (19) 41(18) 15(10) 1(7) 0
40-49y 19 373 (25) 54 (23) 39 (26) 1(7) 2(10)
50-5%9y 32321 (42) 85 (36) 54 (36) 7(47) 7(35)
60-69y 8762 (11) 34 (14) 24.(16) 4(26) 4(20)
70-79y 2628 (3) 22(9) 19 (12) 2(13) 7 (35)
NRTI
TDF/FTC 12 395 (16) 21(9) 13(9) 0 0
TAF/FTC 25570(33) 100 (42) 52 (34) 7 (46) 10 (50
ABC/3TC 20 105 (26) 57 (24) 47 (31) 6 (40) 8 (40
Other regimens 19 520 (25) 58 (25) 39 (26) 2(14) 2(10)
Third drug
NNRTI 15733 (21) 36 (15) 24.(16) 4(27) 5(25)
Protease inhibitor 14 267 (19) 34 (15) 27 (18) 3(20) 5(25)
Integrase inhibitor 37 622 (50) 143 (60) 86 (57) 7 (47) 9 (45)
Other 9968 (10) 23(10) 14(9) 1(6) 1(5)

3TC = lamivudine; ABC = abacavir; ART = antiretroviral therapy; COVID-19 = coronavirus disease 2019; FTC = emtricitabine; ICU = intensive care
unit; NNRTI = nonnucleoside reverse transcriptase inhibitor; NRTI = nucleos(t)ide reverse transcriptase inhibitor; PCR = polymerase chain reaction;
TAF = tenofovir alafenamide; TDF = tenofovir disoproxil fumarate.

* Distribution derived from the 2019 National HIV Hospital Survey (13); counts are estimated from this distribution.
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Table 2. Risk per 10 000 Persons for PCR-Confirmed COVID-19 Diagnosis, Hospital Admission, ICU Admission, and Death
Among 77 590 HIV-Positive Persons Receiving ART, 1 February to 15 April 2020, Spain

Characteristic COVID-19 COVID-19 Hospital COVID-19 ICU COVID-19 Death
Diagnosis (95% Cl) Admission (95% ClI) Admission (95% Cl) (95% ClI)
Risk
Overall 30.4 (26.7-34.6) 19.5(16.5-22.8) 1.9(1.1-3.2) 2.6 (1.6-4.0)
Standardized* 30.0(29.8-30.2) 17.8(17.7-18.0) 2.5(2.4-2.6) 3.7 (3.6-3.8)
Sex
Men 35.1(30.4-40.3) 23.4(19.6-27.7) 2.1(1.1-3.6) 2.8 (0.6-4.5)
Women 16.4(11.2-23.2) 7.7 (4.3-12.7) 1.5(3-4.5) 2.1(0.6-5.3)
Age
20-39y 28.3(20.3-38.3) 10.3(5.8-17.6) .7 (0-3.8) 0(-2.9)t
40-49y 27.9(20.9-36.4) 20.1(14.3-27.5) 0.5 (0-2.9) 1.0 (0. 1 -3.7)
50-59y 26.3(21.0-32.5) 16.7 (12.6-21.8) .2(0.9-4.5) 2 (0.9-4.5)
60-69y 38.8(26.9-54.2) 27.4(17.6-40.8) 4.6(1.2-11.7) 6(1.2-11.7)
70-79y 83.7 (52.4-126.7) 72.3(43.5-112.9) 7.6 (0.9-27.5) 26 6(10.7-54.9)
NRTI
TDF/FTC 16.9 (10.5-25.9) 10.5(5.6-17.9) 0(-2.9)t 0 (-2.9)
TAF/FTC 39.1(31.8-47.6) 20.3(15.2-26.7) 2.7 (1.1-6.5) 9(1. 9 7.2)
ABC/3TC 28.3(21.5-36.7) 23.4(17.2-31.1) 3.0(1.1-6.5) 0(1.7-7.8)
Other regimens 29.7 (22.6-38.4) 20.0(14.2-27.3) 1.0(0.1-3.7) 1 O (0.1-3.7)

3TC = lamivudine; ABC = abacavir; ART = antiretroviral therapy; COVID-19 = coronavirus disease 2019; FTC = emtricitabine; ICU = intensive care
unit; NRTI = nucleos(t)ide reverse transcriptase inhibitor; PCR = polymerase chain reaction; TAF = tenofovir alafenamide; TDF = tenofovir disoproxil

fumarate.

* Standardized to the age and sex of the general population of Spain aged 20 to 79 y.

T One-sided 97.5 Cl.

DISCUSSION

The risks for PCR-confirmed COVID-19 diagnosis,
hospitalization, ICU admission, and death among HIV-
positive persons receiving ART in Spain were greater in
men and those older than 70 years. The risk for hospi-
talization varied by NRTI regimen and was lower in pa-
tients receiving TDF/FTC versus those receiving other
regimens.

The observed age and sex patterns are consistent
with those reported for HIV-negative persons (9-12).
Risks for COVID-19 diagnosis in persons receiving ART
were notably higher only in those aged 70 to 79 years.
However, risk for hospitalization, ICU admission, and
death, as well as duration of hospitalization, increased
with age, consistent with the higher burden of comor-
bid conditions in older persons (?-12).

The lower risk for COVID-19 diagnosis among per-
sons receiving TDF/FTC might be the result of less in-
tensive testing for SARS-CoV-2 infection in this group
compared with those receiving other ART regimens.
However, no data—or even circumstantial evidence af-
ter consultation with treating physicians—exist to sup-
port such differential testing. Also, differential testing
cannot explain the lower risk for hospitalization associ-
ated with TDF/FTC use. It is theoretically possible that
persons who received TDF/FTC in February 2020 in
Spain are a highly select group from which those most
susceptible to SARS-CoV-2 infection have been re-
moved. We cannot think of any mechanisms that might
explain such an extreme form of depletion of suscepti-
ble persons.

Alternatively, another explanation for these find-
ings is that TDF/FTC prevents serious COVID-19 in HIV-
positive persons. Molecular docking (18-23) and other
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in vitro studies (24) suggest that NRTls, such as TDF,
TAF, ABC, and 3TC, might be effective against SARS-
CoV-2 infection by inhibiting RNAdRNAp. This also
might explain the 32% lower risk for COVID-19 diagno-
sis in persons receiving ABC/3TC compared with those
receiving TAF/FTC. Tenofovir diphosphate (TFV-DP) is
the common active triphosphate form of TAF or TDF
and, because of its smaller size, has been proposed to
fit better in the active site of SARS-CoV-2 RNAdRNAp
(24). Compared with TAF, TDF produces higher blood
levels of TFV-DP, and lower intracellular concentrations
(27). In addition to its inhibition of the reverse transcrip-
tase of HIV to ensure antiviral activity, tenofovir has
been described as having various immunomodulatory
effects in several animal and human cell lines (28-30).
Interleukin (IL)-6, interferon-y, IL-10, and monocyte che-
moattractant protein-1 are increased in patients with
severe COVID-19 (31), and tenofovir has been shown to
diminish the production of the inflammatory cytokines
IL-8, IL-10, and monocyte chemoattractant protein-1 in
monocytes and peripheral blood mononuclear cells. This
alters the cytokine balance toward IL-12 and thus pro-
motes a T-helper type 1 response by inducing production
of interferon-y by T and natural killer cells (32). Whether
higher extracellular levels of tenofovir correlate with an
increased immunomodulatory action is unknown. In con-
trast to TDF (33), phosphorylated tenofovir concentrations
in genital tract and rectal tissue achieved with TAF were
almost unquantifiable in healthy seronegative volunteers
(34). Penetration of antiretroviral drugs into the lung and
other tissues has been shown for tenofovir in animal mod-
els (35) and for tenofovir, FTC, 3TC, and efavirenz in hu-
mans (36). Furthermore, TDF/FTC recently was shown to
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reduce SARS-CoV-2 titers in nasal washes from ferret in-
fection models (37).

The patients receiving ART included in this study
represent 65% of all persons receiving ART in Spain
(25), the vast majority of whom do not have overt im-
munosuppression and 95% of whom have achieved
HIV viral suppression (13, 25). In line with the greater
all-cause mortality of HIV-positive persons compared
with the general Spanish population (38), we found
greater age- and sex-standardized mortality from
COVID-19 in HIV-positive persons (3.7 per 10 000 com-
pared) than in the general population (2.1 per 10 000).
This comparison, however, is not straightforward, be-
cause biological age in persons with long-standing HIV
infection is estimated to be 5 to 10 years greater than
chronologic age (39-42), as the result of chronic im-
mune activation by persistent gut microbial transloca-
tion, sustained chronic antigen stimulation, and co-
infection by other pathogens (39, 42).

Comparisons with the general population also
must be done with caution because of the inevitable
reporting delays in the midst of a public health emer-
gency (43). Although reporting delays are not expected
for the HIV-positive persons in our study (clinicians
were individually prompted to provide data from hos-
pital records), the risk for COVID-19 diagnosis was
lower in the HIV-positive population (30.0 per 10 000)
than in the general population (41.7 per 10 000), even
after removal of health care workers who were heavily
tested (33.0 per 10 000). This risk was noticeably lower
among HIV-positive persons receiving TDF/FTC (16.9 per
10 000). That this lower incidence of COVID-19 diagnosis
can be explained by less social interaction or lower diag-
nostic intensity is unlikely. In the context of outbreaks in
Spain, only clinically symptomatic persons seeking health
care receive a PCR-confirmed diagnosis and, if anything,
HIV-positive patients are expected to be investigated
more intensely than the general population.

In summary, we took advantage of the overlap be-
tween 2 ongoing pandemics (HIV and SARS-CoV-2) in
Spain. Our results suggest that the risk for COVID-19
diagnosis is not higher in HIV-positive persons than in
the general population, and that HIV-positive patients
receiving TDF/FTC had a lower risk for COVID-19 and
related hospitalization than other HIV-positive persons.
These findings warrant further investigation in studies
of HIV preexposure prophylaxis and in randomized tri-
als for the treatment and prevention of COVID-19 (44)
in persons without HIV.
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