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Background. Early treatment of coronavirus disease 2019 (COVID-19) with remdesivir in high-risk patients, including those 
with immunosuppression of different causes, has not been evaluated. The objective of this study was to assess the clinical 
effectiveness of early remdesivir treatment among patients with mild to moderate COVID-19 at high risk of progression.

Methods. This prospective cohort comparative study was conducted in a tertiary referral center in Mexico City. Patients with 
mild to moderate COVID-19 at high risk for progression were treated with an ambulatory 3-day course of remdesivir. The primary 
efficacy composite outcome was hospitalization or death at 28 days after symptom onset. A Cox proportional hazards regression 
model was used to identify associations with the primary outcome.

Results. From December 1, 2021, to April 30, 2022, a total of 196 high-risk patients were diagnosed with COVID-19, of whom 
126 were included in this study (43%, 54/126, received remdesivir; 57%, 72/126, did not receive remdesivir). Baseline clinical 
characteristics were similar between groups; autoimmune diseases (39/126), solid organ transplant (31/126), and malignant 
neoplasms (24/126) were the most common immunocompromising conditions. Diabetes mellitus was strongly associated with 
the primary outcome in both groups. Prior severe acute respiratory syndrome coronavirus 2 infection or vaccination was not 
independently associated with COVID-19 progression. Treatment with remdesivir significantly reduced the odds of 
hospitalization or death (adjusted hazard ratio, 0.16; 95% CI, 0.06–0.44; P < .01).

Conclusions. Early outpatient treatment with remdesivir significantly reduces hospitalization or death by 84% in high-risk, 
majority immunosuppressed patients with Omicron variant COVID-19.
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Disease severity and mortality from coronavirus disease 2019 
(COVID-19) have decreased in the general population, primarily 
due to widespread vaccination and possibly to evolution to less se-
vere variants of the severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) virus [1, 2]. However, immunosuppressed pa-
tients experience diminished vaccine efficacy and higher rates of 
severe COVID-19 [3, 4]. Therefore, they are still at higher risk 

of hospitalization or death from COVID-19 than the general pop-
ulation [5–7], and close clinical management is advised [8].

Early treatment with remdesivir in patients with an increased 
risk of progression avoids hospitalization and death [9]. These 
findings have been reproduced in a small cohort of solid organ 
transplant (SOT) recipients [10], but not in larger cohorts or in 
patients with different kinds of immunosuppression. In addi-
tion, evidence from large randomized controlled trials supports 
the early administration of antiviral agents in treating high-risk 
patients with COVID-19 [11, 12]. Consequently, the World 
Health Organization’s latest treatment recommendations for 
patients with COVID-19 at high risk of hospitalization include 
the antivirals nirmatrelvir/ritonavir, remdesivir, and molnupir-
avir [13]. However, access to these treatments in low- and 
middle-income countries (LMICs) is limited [14], and plans 
for equitable distribution are yet to be implemented.

There is a limited supply of COVID-19 treatments in 
Mexico. Anti-SARS-CoV-2 monoclonal antibodies are not 
available, and nirmatrelvir/ritonavir just became available in 
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August 2022. On January 17, 2022, based on the results of the 
PINETREE clinical trial by Gottlieb et al. [9], local guidelines 
at our institution included remdesivir as the standard of care 
for high-risk patients with early COVID-19. We report the clin-
ical outcomes of high-risk patients treated with early ambulato-
ry remdesivir, compared with those who did not receive any 
treatment. We aimed to compare the proportion of high-risk 
patients with mild to moderate COVID-19 who progressed to 
hospitalization or death between those who received early re-
mdesivir and those who did not.

METHODS

Instituto Nacional de Ciencias Médicas y Nutrición “Salvador 
Zubirán” is a national referral center for rheumatologic, onco-
logic, hematologic, and renal diseases and is a specialized center 
for SOT and hematopoietic stem cell transplant (HSCT). From 
the beginning of the COVID-19 pandemic, our institution be-
came an only-COVID-19 center and has gradually resumed at-
tention for non-COVID-19 patients. This study is part of the 
COVID-19 prospective cohort that started at our institution 
on March 16, 2020. We included patients aged ≥18 years 
with high-risk conditions with confirmed mild to moderate 
COVID-19 who attended the emergency department at our in-
stitution from December 1, 2021, to April 30, 2022.

High-risk conditions for COVID-19 progression were de-
fined as having >1 of the following: age ≥60 years, body mass 
index (BMI) >35 kg/m2, uncontrolled diabetes [15], uncon-
trolled arterial hypertension [16], cerebrovascular disease, is-
chemic heart disease, chronic renal disease on renal 
replacement therapy, liver cirrhosis, pregnancy, no vaccine his-
tory against SARS-CoV-2 or incomplete vaccine schedule 
(1 dose from a 2-dose primary series), and immunosuppres-
sion. In addition, immunosuppression was defined as ≥1 of 
the following: primary immunodeficiency, active cancer receiv-
ing chemotherapy and/or immunotherapy, HIV with CD4+ 

T-cell count <200 cells/mL, chronic steroid therapy (>2 weeks 
of prednisone >15 mg/d or its equivalent), SOT, HSCT, active 
autoimmune disease on immunosuppressive treatment, and re-
cent use of anti-CD20 or antimetabolite drugs.

Per local guidelines, starting on January 17, 2021, patients 
were treated with a 3-day outpatient course of remdesivir 
when the following criteria were met: ≤7 days from symptom 
onset, confirmed COVID-19 (positive polymerase chain reac-
tion [PCR] or antigen test), oxygen saturation at room air 
≥90%, and >1 high-risk condition for COVID-19 progression. 
The threshold for oxygen saturation on room air was selected 
based on the normal gasometric values reported for Mexico 
City (altitude 2240 above sea level) [17]. Patients who met these 
criteria received an intravenous infusion of 200 mg remdesivir 
on day 1 and 100 mg on days 2 and 3. The comparison group 
also met the inclusion criteria. Patients who did not receive 

remdesivir were diagnosed with COVID-19 before the remde-
sivir outpatient policy was implemented (no specific early 
COVID-19 treatments were available at the time).

The primary outcome was a composite of hospitalization 
(>24-hour in-hospital stay) or death from any cause at day 
28 after symptom onset. Considering a prevalence of 21% for 
hospitalization or death for immunosuppressed patients during 
the Omicron variant period [6], a prevalence of 0.07% for hos-
pitalization or death in a remdesivir-treated high-risk popula-
tion [9], a probability of type 1 error of 0.05%, and a 
statistical power of 90%, we calculated a sample size of at least 
94 patients (47 per group).

A nonprobabilistic consecutive sampling of all patients who 
met the inclusion criteria was implemented. Clinical data were 
collected prospectively. Categorical variables were reported as 
frequencies and proportions. Continuous variables were re-
ported using mean and standard deviation or median and in-
terquartile range (IQR) values. Comparisons between the 
remdesivir and nonremdesivir groups were made using the 
chi-square test or Fisher exact test, as appropriate, and 2 
independent-sample Wilcoxon tests. A bivariate analysis was 
used to identify factors associated with the primary outcome. 
Hazard ratios (HRs) and 95% CIs were calculated. To find an 
independent association between remdesivir treatment and 
the primary outcome, a multivariate Cox proportional hazards 
regression model that included variables of clinical and biolog-
ical importance and those with P < .2 in bivariate analysis was 
constructed. The assumption of proportional hazards was met 
for the modeling. Adjusted HRs (aHRs) and 95% CIs were cal-
culated. A 2-sided P value <.05 was considered statistically sig-
nificant. Missing data were not replaced. Statistical analysis was 
done using STATA, version 15.1 (StataCorp, College Station, 
TX, USA).

RESULTS

During the study period, 2588 patients were evaluated at our 
institution for COVID-19. One hundred ninety-six were con-
sidered high-risk per our definition, 55 were initially classified 
as severe/critical COVID-19, and 141 were initially classified as 
mild or moderate COVID-19. Fifteen patients were excluded 
because they were referred to other institutions for follow-up; 
thus, no information to evaluate the outcomes was available. 
For this study, we included 126 patients with mild to moderate 
COVID-19: 54/126 (42.9%) received remdesivir, and 72/126 
(57.1%) did not receive remdesivir (Figure 1).

The median age (IQR) was 49 (35–63) years, and 57.1% (72/ 
126) were female. Comorbidities were present in 99.2% (125/ 
126), immunosuppression was present in 93.7% (118/126), 
88.1% (111/126) had 2 or more high-risk conditions for 
COVID-19 progression (48/54 in the remdesivir-treated group 
and 63/72 in the non-remdesivir-treated group), vaccination 
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status was complete for 79.4% (100/126), and previous 
COVID-19 was self-reported by 9.3% (19/126). One patient 
did not report any comorbidities; however, he was considered 
high risk because he had not received any dose of the 
SARS-CoV-2 vaccine, and his age was >65. Diagnosis was 
made by PCR in 92.8% (117/126), and the median cycle thresh-
old (ct) value (IQR) was 23 (21–27). Omicron was the predom-
inant strain in 94.8% of the samples monitored by SGTF (110/ 
116; 10 patients diagnosed with rapid antigen testing). The rest 
of the baseline clinical characteristics are described in Table 1.

The primary outcome was directly assessed at our institution 
and occurred in 5/54 (9.3%) remdesivir-treated patients vs 31/ 
72 (43.1%) non-remdesivir-treated patients (P < .01) (Table 2). 
On bivariate analysis, age ≥60 years (HR, 2.57; 95% CI, 1.33– 
4.94), diabetes mellitus (HR, 3.40; 95% CI, 1.76–6.59), and cir-
rhosis (HR, 3.38; 95% CI, 1.19–9.58) were associated with in-
creased frequency of death or hospitalization. Previous 
SARS-CoV-2 vaccination was inversely associated with the pri-
mary outcome (HR, 0.48; 95% CI, 0.24–0.96). In multivariate 
analysis, diabetes mellitus (adjusted HR, 3.35; 95% CI, 1.58– 
7.07) was independently associated with the primary outcome 
(Table 3). Treatment with remdesivir was independently asso-
ciated with lower risk of hospitalization or death in bivariate 
(HR, 0.18; 95% CI, 0.07–0.45) and multivariate analyses 
(aHR, 0.16; 95% CI, 0.06–0.44) (Figure 2 and Table 3).

DISCUSSION

This study shows real-world evidence on the effectiveness of re-
mdesivir for the early treatment of COVID-19 in high-risk pa-
tients. All baseline characteristics were similar between groups, 
except for age. Increasing age is a well-known risk factor for 

severe COVID-19 [18]. In our study, patients from the 
remdesivir-treated group were a median of 7 years younger 
than those in the non-remdesivir-treated group. Although 
this might have contributed to the higher hospitalization or 
death rate seen in the non-remdesivir-treated group, age was 
not independently associated with the primary outcome.

Hospitalization or death was high in this population (28.5%). 
Possible reasons for this include the variety of immunocom-
promising conditions present in the patients evaluated, inclu-
sion of patients with 2 or more high-risk conditions (possibly 
adding to the odds of a worse outcome), diabetes and hyperten-
sion were considered for inclusion only if uncontrolled, inclu-
sion criteria were wider compared with those used in the 
PINETREE study, and the primary outcome also included hos-
pitalizations or death not directly related to COVID-19. The 
patients seen at our institution have multiple and complex 
medical disorders; thus, hospitalizations for underlying diseas-
es in the 28-day follow-up are expected. As seen in Table 2, the 
events directly related to progression of COVID-19 were fewer, 
but still significantly different in both groups.

COVID-19 severity has changed throughout the pandemic 
[1]. To control for this effect, we included patients in similar 
pandemic time frames. Both groups were assessed during the 
time when the Omicron BA.1/BA.2 variant was the dominant 
circulating variant in Mexico [19]; therefore, no impact of the 
different variants of the virus is expected. There might be con-
cern for including patients in the last part of the Delta wave, but 
for Mexico City the entry of Omicron BA.1/BA.2 was earlier 
than in other Mexican states [20]. Furthermore, by this time, 
our institute had implemented a PCR test (Thermo Fisher 
TaqPath) where 1 of the 3 target genes is not detected (called 
S gene dropout or S gene target failure [SGTF]). This test was 

Figure 1. Enrollment and inclusion. Abbreviation: COVID-19, coronavirus disease 2019.
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used as a marker for the Omicron variant, pending sequence 
confirmation, and 94.8% of the samples in this study were pos-
itive for the SGTF marker.

Interestingly, in our study diabetes mellitus was associated 
with risk of hospitalization or death from COVID-19, despite 
the lower severity of disease reported for the Omicron variant. 
While the lower severity of Omicron is still controversial, the 
observation of diabetes mellitus as a risk factor for progression 
has been reported by other researchers [21] and warrants future 

investigations on the intricate relationship between 
SARS-CoV-2 and dysglycemia.

The findings on SOT as a variable with potentially lower 
odds of hospitalization or death are interesting. Although this 
was not replicated in the multivariate analysis, it certainly high-
lights observations from other investigators suggesting that im-
munosuppressive drugs for solid organ transplant might play 
an beneficial anti-inflammatory role and that the higher risk 
of COVID-19 progression in these patients is possibly driven 
by their other comorbidities, especially diabetes mellitus and 
cardiovascular disease [22, 23]. The recently published retro-
spective cohort [10] that evaluated early remdesivir treatment 
in 24 SOT recipients found results similar to ours regarding 
lower probability of hospitalization and/or death. However, 
the small sample size, the retrospective nature of the study, 
and the inclusion of only SOT recipients may limit the gener-
alizability of their observations, especially to patients with other 
immunocompromising diseases. In contrast, our study showed 
a positive effect of early remdesivir treatment for SOT recipi-
ents as well as for patients with other immunocompromising 
conditions.

Some studies have suggested that previous SARS-CoV-2 nat-
ural infection as protection against severe reinfections is ex-
tremely effective [24]. Reinfection in our study group was 
seen in 9.3% of the population, without difference among treat-
ment groups. However, this proportion of reinfections is low, 

Table 2. Hospitalization and/or Death

Outcome

All  
n = 126 
(100%)

Received 
Remdesivir  

n = 54 
(42.9%)

Did Not 
Receive 

Remdesivir  
n = 72 (57.1%) P

Primary outcome, No. 
(%)

36 (28.5) 5 (9.3) 31 (43.1) <.001

All-cause 
hospitalization, No. 
(%)

27/36 5/5 22/31 .004

COVID-19-related 
hospitalization, No. 
(%)

20/27 0/5 20/22 <.001

All-cause death, No. 
(%)

9/36 0/5 9/31 .007

Italic formatting indicates subsections of the primary outcome. Patients who died were 
previously hospitalized.  

Abbreviation: COVID-19, coronavirus disease 2019.

Table 1. Clinical Characteristics of the Study Population

Characteristic All n = 126 (100%)
Received Remdesivir  

n = 54 (42.9%)
Did Not Receive Remdesivir  

n = 72 (57.1%) P

Sex—female, No. (%) 72 (57.1) 26 (48.1) 46 (63.9) .344

Age, median (IQR), y 49 (35–63) 43 (31–61) 51.5 (41.4–64.5) <.001

Obesity, No. (%) 24 (19.1) 10 (18.5) 14 (19.4) .896

Type 2 diabetes mellitus, No. (%) 27 (21.4) 10 (18.5) 17 (23.6) .491

Arterial hypertension, No. (%) 40 (31.8) 14 (25.9) 26 (36.1) .224

Cerebrovascular disease, No. (%) 4 (3.2) 1 (1.9) 3 (4.2) .635

Ischemic heart disease, No. (%) 5 (4.0) 2 (3.7) 3 (4.2) 1.000

Chronic lung disease, No. (%) 6 (4.8) 3 (5.6) 3 (4.2) 1.000

Advanced chronic kidney disease,a No. (%) 9 (7.1) 4 (7.4) 5 (6.9) .920

Liver cirrhosis,a No. (%) 6 (4.8) 1 (1.9) 5 (6.9) .237

Solid organ malignant neoplasm,a No. (%) 9 (7.1) 5 (9.3) 4 (5.6) .424

Malignant hematologic disorders,a No. (%) 15 (11.9) 5 (9.3) 10 (13.9) .427

Uncontrolled HIV infection,a No. (%) 2 (1.6) 0 (0) 2 (2.8) .506

Autoimmune disorders,a No. (%) 39 (31.0) 16 (29.6) 23 (31.9) .781

Solid organ transplant recipient,a No. (%) 31 (24.6) 13 (24.1) 18 (25.0) .905

Hematopoietic stem cell transplant recipients,a No. (%) 7 (5.6) 4 (7.4) 3 (4.2) .461

RT-PCR ct value, median (IQR), units (n = 117) 23 (21–27) 21 (23–26) n = 45 23.5 (20.5–28) n = 72 .702

Previous vaccination against SARS-CoV-2, No. (%) 100 (79.4) 45 (83.3) 55 (76.4) .340

Previous SARS-CoV-2 infection, No. (%) 19 (9.3) 5 (9.3) 14 (19.4) .114

Time from symptom onset to hospital presentation, median (range), d 4 (0–7) 3 (0–7) 4 (1–7) .82

Time from symptom onset to remdesivir administration, median (range), d … 3 (0–7) …

Abbreviations: ct, cycle threshold; IQR, interquartile range; RT-PCR, real-time polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.  
aIndicates comorbidities considered to be immunocompromising.
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which might influence the lack of association with protection. 
Also, immunocompromised patients are expected to present 
an impaired immune response against natural SARS-CoV-2 in-
fection [25], and thus might not display this so-called protec-
tion against reinfection.

The SARS-CoV-2 vaccines used in Mexico are varied. 
BNT162b2 (Pfizer BioNTech) and AD122 Covishield (Astra 
Zeneca) account for >70% of the total national adult vaccina-
tion program [26]. Vaccine efficacy, although not assessed, is 
expected to be low among the patients included in this study. 
The proportion of vaccinated patients in both groups was sim-
ilar, eliminating potential confounders for the effect of remde-
sivir. The negative association with the primary outcome 
observed on bivariate analysis was not observed on multivari-
ate analysis, probably reflecting the low unvaccinated propor-
tion of the population and that vaccine efficacy is expected to 
be low in immunocompromised patients, leaving them at high 
risk for COVID-19 progression. Of note, an overall vaccine 
coverage <80% should raise awareness for emphasizing this 
public health intervention among these high-risk groups.

The burden of COVID-19 in developing countries is higher, 
probably reflecting limited access to appropriate health care, 
limited access to antiviral treatments, and previously over-
whelmed health care systems [14, 27]. The need for early 
treatments that could potentially alleviate the burden of 
COVID-19 has been highlighted since the beginning of the 
pandemic [28]. Effectively treating high-risk patients helps pre-
vent an important number of COVID-19-related hospitaliza-
tions, thereby lowering costs at the health care system level, 
as well as costs and hospital-acquired complications at the pa-
tient level.

Our study serves as proof of concept regarding the feasibility 
of an outpatient remdesivir treatment clinic for early 
COVID-19 in the setting of a developing country and in the 
absence of other efficacious treatments. Patients received the 
intravenous infusion on day 1, were instructed on the appropri-
ate care for an intravenous peripheral access, and were sent 
home. They returned on days 2 and 3 to receive the infusion us-
ing the same peripheral access. There were no adverse events 
related to the peripheral access, including catheter-related in-
fections during treatment or follow-up. This reflects the exper-
tise of the outpatient parenteral antimicrobial therapy (OPAT) 
nursing team at our institution and reinforces the feasibility of 
these kinds of programs for COVID-19.

The strengths of our study include the clear and structured 
definition of high-risk conditions, inclusion of predominantly 
immunosuppressed patients whose vaccine response is expect-
ed to be low, different types of immunosuppression, successful 
implementation of an OPAT-like clinic for COVID-19 in a de-
veloping country, inclusion of patients during the same time 
point of the pandemic, and prospective collection of data. 
Also, while inclusion criteria were based on the PINETREE 
study, the wider range of values allows for the criteria in our 
study to be used in other centers as they were adapted for 
pragmatism.

The limitations of our findings include that the observations 
were done in 1 center, the median age was 7 years younger in 

Table 3. Association of Clinical Variables With Hospitalization and/or 
Death

Characteristic HR (95% CI), P aHR (95% CI), P

Male sexa 1.37 (0.71–2.64), .432 0.95 (0.43–2.10), .908

Age ≥60 ya 2.57 (1.31–3.80), .003 1.52 (0.69–3.35), .295

BMI >35 kg/m2 1.04 (0.45–2.36), .934

Diabetes mellitusa 3.40 (1.76–6.59), <.001 3.35 (1.58–7.07), .002

Arterial hypertension 1.25 (0.63–2.46), .527

Cerebrovascular disease 2.17 (0.52–9.05), .287

Ischemic heart disease 1.67 (0.40–6.96), .480

Chronic lung disease 1.05 (0.25–4.39), .943

Chronic kidney disease 1.79 (0.63–5.07), .271

Cirrhosisa 3.38 (1.19–9.58), .022 1.28 (0.37–4.87), .716

Solid organ malignant 
neoplasm

1.35 (0.41–4.41), .617

Malignant hematologic 
disordersa

2.23 (0.98–5.11), .057 1.70 (0.61–4.75), .312

Autoimmune disordersa 0.62 (0.28–1.37), .239 0.77 (0.26–2.31), .640

Solid organ transplant 
recipienta

0.44 (0.17–1.13), .088 0.33 (0.10–1.08), .067

Hematopoietic stem cell 
transplant recipient

0.47 (0.06–3.43), .457

Previous SARS-CoV-2 
vaccinationa

0.48 (0.24–0.96), .037 0.65 (0.27–1.56), .340

Previous SARS-CoV-2 
infectiona

0.87 (0.34–2.23), .767 0.58 (0.21–1.57), .281

Treatment with 
remdesivira

0.18 (0.07–0.45), <.001 0.16 (0.06–0.44), <.001

Abbreviations: aHR, adjusted hazard ratio; BMI, body mass index; HR, hazard ratio; 
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.  
aIndicates variables included in the multivariable regression model.

Figure 2. Kaplan-Meier estimates for hospitalization and/or death. Reported HR 
corresponds to bivariate analysis according to treatment with remdesivir. Abbre-
viation: HR, hazard ratio.
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the remdesivir group (a known risk factor for adverse out-
comes), treatment was not randomized, there were no available 
data on post-COVID-19 syndrome for these patients due to 
lack of long-term follow-up, and the time from vaccination 
or prior COVID-19 episode to current COVID-19 could not 
be evaluated due to the self-reported nature of these variables.

CONCLUSIONS

Early outpatient treatment with remdesivir significantly reduc-
es hospitalization or death by 84% in high-risk, majority immu-
nosuppressed patients with Omicron variant COVID-19.
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