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Impact of tenofovir on SARS-CoV-2 infection and severe outcomes
among people living with HIV: a propensity score-matched study
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Background: Reports on the impact of some antiretrovirals against SARS-CoV-2 infection and disease severity
are conflicting.

Objectives: We evaluated the effect of tenofovir as either tenofovir alafenamide/emtricitabine (TAF/FTC) or te-
nofovir disoproxil fumarate/emtricitabine (TDF/FTC) against SARS-CoV-2 infection and associated clinical out-
comes among people living with HIV (PLWH).

Methods: We conducted a propensity score-matched analysis in the prospective PISCIS cohort of PLWH (n=14
978) in Catalonia, Spain. We used adjusted Cox regression models to assess the association between tenofovir
and SARS-CoV-2 outcomes.

Results: After propensity score-matching, SARS-CoV-2 diagnosis rates were similar in TAF/FTC versus ABC/3TC
recipients (11.6% versus 12.5%, P=0.256); lower among TDF/FTC versus ABC/3TC recipients (9.6% versus
12.8%, P=0.021); and lower among TDF/FTC versus TAF/FTC recipients (9.6% versus 12.1%, P=0.012). In
well-adjusted logistic regression models, TAF/FTC was no longer associated with reduced SARS-CoV-2 diagnosis
[adjusted odds ratio (aOR) 0.90; 95% confidence interval (CI), 0.78-1.04] or hospitalization (aOR 0.93; 95% CI,
0.60-1.43). When compared with ABC/3TC, TDF/FTC was not associated with reduced SARS-CoV-2 diagnosis
(aOR 0.79; 95% (I, 0.60-1.04) or hospitalization (aOR 0.51; 95% CI, 0.15-1.70). TDF/FTC was not associated
with reduced SARS-CoV-2 diagnosis (aOR 0.79; 95% CI, 0.60-1.04) or associated hospitalization (aOR 0.33;
95% (I, 0.10-1.07) compared with TAF/FTC.

Conclusions: TAF/FTC or TDF/FTC were not associated with reduced SARS-CoV-2 diagnosis rates or associated
hospitalizations among PLWH. TDF/FTC users had baseline characteristics intrinsically associated with more be-
nign SARS-CoV-2 infection outcomes. Tenofovir exposure should not modify any preventive or therapeutic SARS-
CoV-2 infection management.
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Introduction

Tenofovir has been postulated as a treatment candidate for
COVID-19.! This nucleotide analogue is very prominent in anti-
retroviral treatment (ART) and is available as the prodrugs tenofo-
vir alafenamide (TAF) and tenofovir disoproxil fumarate (TDF). The
two medicines are also efficacious as HIV pre-exposure prophy-
laxis (PrEP) in high-risk populations without HIV infection.” The re-
purposing of TAF and TDF is due to their well-established safety
profile, the wide availability of the generic forms, and the low
cost of TDF.2 In pre-clinical studies, tenofovir showed some in vitro
activity against SARS-CoV-2, inhibiting its RNA-dependent RNA
polymerase (RdRp).* Furthermore, triphosphate forms of tenofovir
are believed to be incorporated by SARS-CoV-2 RdRp and retard
polymerase extension, which could explain why the nucleotide
analogue could inhibit SARS-CoV-2.> However, a recent compre-
hensive set of in vitro analyses performed by the drug manufactur-
er has finally indicated that neither TAF, TDF, nor emtricitabine
(FTC) are inactive against SARS-CoV-2.% These results are corrobo-
rated by the lack of interaction between tenofovir triphosphates
and SARS-CoV-2 RdRp observed both in biochemical assays and
in structural modelling analyses.®

A study of people living with HIV (PLWH) receiving ART in Spain
suggested that individuals receiving TDF/FTC were at a lower risk
of COVID-19 and related hospitalization than those receiving
other antiretroviral regimens.” However, the analysis was not ad-
justed for baseline co-morbidities and important sociodemo-
graphic characteristics, and could be overestimating the
protective effect of TDF/FTC because recipients of TDF/FTC are
likely to be younger and without comorbidities such as renal
and cardiovascular diseases, which have been established as
risk factors for COVID-19 and severe outcomes.®™'° In another
study, from South Africa, TDF/FTC (versus abacavir or zidovudine)
was again associated with lower mortality among PLWH after
adjusting for kidney disease, viral suppression, and antiretroviral
treatment duration.'* Zidovudine, a second-line regimen, is how-
ever associated with prior virological failure or presence of tuber-
culosis, both of which were not adjusted for in that study.
Similarly, among HIV-negative individuals with chronic hepatitis
B infection, lower rates of severe COVID-19, ICU admission,
need for respiratory support, and shorter hospitalization duration
were found among patients receiving TDF/FTC compared with en-
tecavir.'? However, again, the prevalence of chronic comorbid-
ities was significantly lower among those receiving TDF/FTC,
establishing again a channelling prescription bias.*?

A study that assessed the protective effects of tenofovir
against SARS-CoV-2 infection among HIV-negative individuals
found just the opposite: a higher SARS-CoV-2 seroprevalence
among PreP (tenofovir) users compared with persons not receiv-
ing tenofovir (15.5% versus 9.2%, P=0.026)."* The study found
no statistically significant differences in COVID-19 clinical mani-
festations between users of PrEP, TDF/FTC or TAF/FTC and the con-
trol group.’® Similarly, the PREVENIR-ANRS and SAPRIS-Sero
study from France also showed no reduction in SARS-CoV-2 sero-
prevalence among TDF/FTC PrEP users.'* That study is particularly
relevant as there were no baseline patient characteristics biasing
the analysis through a channelling prescription.

There are several on-going clinical trials assessing the poten-
tial of tenofovir as prophylaxis against SARS-CoV-2 infection and

treatment for COVID-19.? Understanding the preventive effect of
tenofovir is very relevant given the rapidly changing COVID-19
situation and the surge of new variants with potential to escape
vaccine- or infection-induced immune protection.

We evaluated the association between TAF/FTC and TDF/FTC
exposure against SARS-CoV-2 infection and severe COVID-19
among PLWH, mitigating the limitations in existing studies by ad-
justing adequately for potential baseline confounders.

Patients and methods
Study population and design

We performed a retrospective study using data from the Populational HIV
Cohort from Catalonia and Balearic Islands (PISCIS). PISCIS is a prospect-
ive, multicentre, population-based cohort which follows PLWH aged >16
years accessing care at 15 hospitals in Catalonia, Spain.’®> We linked
PISCIS data with data from several administrative official public health
databases to obtain information about chronic comorbidities,
SARS-CoV-2 diagnosis, and related clinical outcomes. Data were mana-
ged through the Analytical Data for Research and Innovation in Health
Project of Catalonia (PADRIS) so as to ensure anonymization in accord-
ance with current data protection legislation.'® The study period was
from 1 March 2020 to 18 July 2021. We excluded patients who were re-
ported dead before 1 March 2020, those without information on ART, and
those who had at any point switched their ART regimen since cohort
entry.

Study definitions and outcomes

We divided the study population into three groups according to nucleos(t)
ide reverse transcriptase inhibitor (NRTI) exposure: (i) TAF/FTC; (ii) TDF/FTC;
and (iii) abacavir/lamivudine (ABC/3TC). The primary outcome variables of
interest were SARS-CoV-2 diagnosis confirmed by a positive reverse tran-
scription polymerase chain reaction (RT-PCR) and/or antigen detection;
and COVID-19 outcomes graded as asymptomatic, symptomatic requir-
ing community management (mild symptoms managed as outpatients
or at the emergency department for <24 h), and hospital admissions
(>24 h with any of the following signs: dyspnoea, tachypnoea, hypox-
aemia, asphyxia or hyperventilation). Among hospitalized patients, we
also assessed admission to the ICU (suffered a respiratory failure or sep-
sis) and death.

Independent variables in the study included patient sociodemo-
graphic characteristics: age; sex; socioeconomic deprivation based
on the Catalonian Government socioeconomic deprivation index clas-
sified as least deprived, mildly deprived, and moderately/severely de-
prived;'” and country of origin (Spanish and non-Spanish origin). The
HIV-associated variables we included in the study were HIV acquisi-
tion risk groups as stated in Table 1; duration since HIV diagnosis in
years; CD4 cell count (categorized <350 cells/mm?, 350-499 cells/
mm?3, and >500 cells/mm?) and CD4/CD8 cell ratio; plasma HIV-RNA
[detectable and undetectable (<50 copies/mL)]; and duration on
ART in years. We included chronic comorbidities extracted using the
International Classification of Diseases, ninth revision, Clinical
Modification (ICD-9-CM) and tenth revision (ICD-10-CM) and grouped
theminto 11 groups (Table S1, available as Supplementary data at JAC
Online).

Statistical analysis

Continuous variables are presented as median with interquartile ranges
(IQR) and frequencies with percentages for categorical variables.
Proportions for categorical variables were compared using the x? or
Fisher's exact test where appropriate. Continuous variables were
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PISCIS cohort of PLWH
Catalonia (1998-2021)
N=26808

\

PADRIS records N=47348

PISCIS + PADRIS COHORT

N=22501
A
Lost to follow-up On follow-up Death (as of 1 March 2020)
N=4529 N=14978 N=2994
R Missing information in ART
Switched ART regimen ~ " N=1562
N=T776 D
A4 Y \2 v
TAF/FTC TDF/FTC ABC/3TC Other
N=T7099 N=943 N=3916 regimens
N=682

Figure 1. Flow diagram of people living with HIV in the PISCIS cohort in Catalonia showing the reception ART regimens and inclusion into the analysis.
Abbreviations: PADRIS, Analytical Data for Research and Innovation in Health Project of Catalonia; ART, antiretroviral therapy; TAF, tenofovir alafena-
mide; TDF, tenofovir disoproxil fumarate; FTC, emtricitabine; ABC/3TC, abacavir/lamivudine.

compared using the Kruskal Wallis test. We performed four rounds of
propensity-score matching for TAF/FTC versus ABC/3TC and a single
round for TDF/FTC versus ABC/3TC and TAF/FTC versus TDF/FTC using
nearest-neighbour algorithms with a calliper width of 0.1 of the pooled
standard deviations to ensure that key baseline characteristics of the
groups were adequately balanced. We matched patients by sex, age,
plasma HIV-RNA [detectable and undetectable (HIV RNA <50 copies/
mL)], and number of comorbidities (none, one, two, three, four or
more). We did three separate propensity score matches in a ratio 1:1
for TAF/FTC versus ABC/3TC, and 1:3 for TDF/FTC versus ABC/3TC, and
TDF/FTC versus TAF/FTC. To evaluate the effect of ART regimens on
SARS-CoV-2 diagnosis and severe outcomes, we used Cox regression
models and provided adjusted odds ratios (aOR) and unadjusted odds
ratios (UOR) along with their 95% confidence intervals (95% CI) to re-
move residual confounding.'® We adjusted for the factors that were sig-
nificantly different after propensity score matching. We adjusted for
country of origin, socioeconomic status, CD4 count (continuous vari-
able), time in years on ART, CD4/CD8 ratio, diabetes, chronic kidney dis-
ease, and metabolic disease. In multivariable analysis, we removed the
time since HIV diagnosis due to collinearity with the time in years on ART
(Table S2). Records of missing values for adjustment covariates were ex-
cluded in adjusted analyses, as they were few and not expected to af-
fect estimates significantly. A two-sided P value <0.05 was considered

statistically significant. We performed all statistical analyses using R
Statistical Software version 4.0.2.

Ethics

The PISCIS cohort study was approved by the Ethics Committee of the
Germans Trias i Pujol University Hospital, Badalona, Spain (EO-11-108).
Data collection was also approved by the ethics committees of participat-
ing hospitals. Patient-level information obtained from PADRIS was anon-
ymized and de-identified before the analysis. This study follows the
Strengthening the Reporting of Observational studies in Epidemiology
(STROBE) guidelines.*® The planning, conduct, and reporting of the study
was in line with the Declaration of Helsinki, as revised in 2013.

Access to data

The study protocol is available from Dr Juliana Reyes-Uruefa (e-mail:
jmreyes@iconcologia.net). Statistical code for the analysis can be re-
quested from Yesika Didz, Sergio Moreno, and Jordi Aceiton (ydiazr@
iconcologia.net, smorenof@iconcologia.net, jaceiton@igtp.cat). The
data for this study is available at the Centre for Epidemiological Studies
of Sexually Transmitted Diseases and HIV/AIDS in Catalonia (CEEISCAT),
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the coordinating centre of the PISCIS cohort and from each of the collab-
orating hospitals upon request via https://pisciscohort.org/contacte/.

Results

Out of 14978 PLWH (median age: 46.4 years, male sex: 82.1%)
on follow-up in our cohort, 1562 had missing information on
ART, 776 had switched their ART regimen at least once during
the study period, and 11958 were included in the present ana-
lysis. Of them, 7099 were treated with TAF/FTC, 943 with TDF/
FTC, 3916 with ABC/3TC, and 682 were receiving other regimens
(Figure 1). PLWH receiving TDF/FTC were younger (median age
44.6 years) compared with those receiving TAF/FTC (45.6 years)
or ABC/3TC (48.2 years) (P<0.001). Individuals receiving TDF/
FTC had a lower number of comorbidities than those receiving
TAF/FTC or ABC/3TC (P<0.001) and significantly different socio-
economic deprivation (Table S3).

Of the patients included in the analysis, 1445 (12.1%) indivi-
duals had tested positive for SARS-CoV-2 as of 18 July 2021, of
whom 670 (46.4%) were asymptomatic, 630 (43.6%) were
symptomatic with mild disease requiring community manage-
ment, and 145 (10.0%) were hospitalized. In the latter, 7
(0.5%) were admitted to the ICU, and 20 (1.4%) died.

Out of 7099 PLWH receiving TAF/FTC, 3512 were matched 1:1
to an equal number of ABC/3TC recipients (n=3512). Out of 943
TDF/FTC recipients, 763 were matched 1:3 to 2289 ABC/3TC reci-
pients; and 770 TDF/FTC recipients were matched 1:3 to 2310
TAF/FTC recipients. No key covariates exhibited major imbalances
(standard mean difference <0.1) (Figure S1). The baseline char-
acteristics of the propensity score-matched groups are presented
in Table 1.

TAF/FTC was not associated with a reduction in SARS-CoV-2
diagnosis (aOR 0.90; 95% CI, 0.78-1.04) or associated hospital-
ization (aOR 0.93; 95% (I, 0.60-1.43) compared with ABC/3TC
in adjusted analysis. TDF/FTC compared with ABC/3TC was not as-
sociated with a reduction in SARS-CoV-2 diagnosis (aOR 0.79;
95% CI, 0.60-1.04) or hospitalization (aOR 0.51; 95% CI, 0.15-
1.70). We finally compared the association between TDF/FTC
and TAF/FTC in adjusted analysis. TDF/FTC was not associated
with a reduction in SARS-CoV-2 diagnosis (aOR 0.79; 95% (I,
0.60-1.04) or associated hospital admissions (aOR 0.33; 95%
(I, 0.10-1.07) compared with TAF/FTC (Table 2).

Discussion

We assessed the association between current TAF/FTC and TDF/
FTC treatment and SARS-CoV-2 diagnosis and COVID-19 out-
comes in a prospective multicentre cohort of PLWH using a pro-
pensity score-matched approach. TAF/FTC and TDF/FTC were
not significantly associated with a reduction in SARS-CoV-2 diag-
nosis and poorer COVID-19-related outcomes including hospita-
lizations, ICU admissions, and death among PLWH. We found no
significant association either when TAF/FTC or TDF/FTC were com-
pared with ABC/3TC or against each other.

Importantly, we found significantly lower rates of SARS-CoV-2
infection and associated hospitalizations in unadjusted analyses
among those receiving TDF/FTC. Compared with patients receiv-
ing TAF/FTC and ABC/3TC, those receiving TDF/FTC were signifi-
cantly younger, and had a lower number and prevalence of

comorbidities. When the analysis was adjusted for these vari-
ables, the potential protective effect disappeared. This finding
supports that the differences in baseline factors intrinsically asso-
ciated with lower SARS-CoV-2 infection rates and more benign
SARS-CoV-2 infection outcomes constitute a channelling bias
that could have influenced many previous analyses that indi-
cated that TDF could have a protective role against SARS-CoV-2
infection, but lacked an adequate adjustment of these variables
that are directly correlated with the primary outcome.”**

Analyses performed in PrEP studies with TDF/FTC, such as
PREVENIR-ANRS and SAPRIS-Sero* sub-study from France,
where these biases do not exist, found no reduced risk in
SARS-CoV-2 infection among TDF/FTC PrEP users.

Similarly, TDF/FTC in our study reduced COVID-19-associated
hospitalizations in unadjusted analysis but not in adjusted ana-
lysis, which is contrary to previous large studies.”*! As previously
discussed, the lack of adjustment for baseline patient character-
istics probably influenced the results of the study from del Amo
et al.” by confounding and channelling bias. In the subsequent
large study from the Western Cape, South Africa,*’ there was
an adjustment for kidney disease, viral suppression, and anti-
retroviral treatment. Zidovudine use (the alternative to TDF),
however, was preferentially prescribed to individuals with prior
virologic failure as per the WHO guidelines®® and can be asso-
ciated with higher rates of tuberculosis, both of which were not
adjusted for in that study.

The rationale behind the possible protective benefits of teno-
fovir was a result of the potential activity that the nucleotide ana-
logue showed against SARS-CoV-2 in pre-clinical studies and
animal models (ferrets)*?! and the more potent immunomodu-
latory effects of TDF?? including the decreased production of
interleukin-8 and -10,?* and the higher penetration into mucosal
tissues.?* However, in a recent analysis, none of these drugs (TAF,
TDF or FTC) showed any significant in vitro anti-SARS-CoV-2 effect
at concentrations up to 100-fold higher than the clinically
relevant levels.® These results are corroborated by the lack of
interaction between the respective NRTI-triphosphates and
SARS-CoV-2 RdRp observed both in biochemical assays and in
structural modelling analyses.®

Our finding that TAF does not prevent SARS-CoV-2 diagnosis or
severe disease is in-line with a report from Ayerdi et al.* who ac-
tually found a higher SARS-CoV-2 seroprevalence among
HIV-negative PrEP users receiving TAF or TDF versus those without
PrEP. That study also demonstrated no differences in terms of
clinical manifestations between people receiving tenofovir (TAF
or TDF) and those not on tenofovir.'®

The study by del Amo et al.” found a lower risk for SARS-CoV-2
diagnosis among persons receiving TDF/FTC compared with those
on other regimens. SARS-CoV-2 diagnosis in Spain has also been
disproportionately affected by sociodemographic factors includ-
ing country of origin and socioeconomic status in both the gen-
eral population?® and among PLWH.'> The del Amo et al.’
study did not adjust for these sociodemographic factors.

In recent findings from a clinical trial involving 30 participants
on TDF/FTC and a control group of 30 participants on standard of
care therapy, TDF/FTC did not expedite the natural clearance of
nasopharyngeal SARS-CoV-2 viral load at day 4 (primary end-
point), there were no differences in the time to symptom recov-
ery nor in the hospitalization rates.’® However, there was a
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significantly greater increase in the Ct RT-PCR on the seventh day,
with an effect corresponding to approximately 0.8 log;o decrease
of SARS-CoV-2 RNA, a reduction of unknown microbiological or
clinical relevance.

Our study is limited by its epidemiological nature, depriving us
of having information on treatment adherence and exposure to
SARS-CoV-2, which are both relevant given the objectives of our
study. Secondly, assessing the association between ART and
SARS-CoV-2 infection is challenging in a scenario where not
everyone is tested equally for SARS-CoV-2. For example, testing
could be more frequent among patients with higher risks of
poor COVID-19 outcomes. The identification of a higher incidence
of SARS-CoV-2 infection and associated hospitalizations in un-
adjusted analyses that disappears in the propensity score match-
ing and adjusted Cox regression models suggests that indeed
subjects treated with TDF have intrinsic characteristics that
lend them a lower risk for SARS-CoV-2 infection or poorer
COVID-19 outcomes. Our analyses demonstrate that failure to
evaluate potential sociodemographic and clinical confounding
factors can bias observational study results and lead to errone-
ous inferences.

In conclusion, the use of TAF/FTC or TDF/FTC among PLWH was
not associated with a reduction in SARS-CoV-2 diagnosis or
poorer COVID-19 outcomes including hospital and ICU admis-
sions or death. Until well-designed randomized clinical trials re-
veal new robust evidence, existing preventive measures and
treatment approaches for PLWH against SARS-CoV-2 infection
should be maintained, independent of tenofovir exposure.
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