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a b s t r a c t 

Objectives: Georgia introduced remdesivir for the treatment of COVID-19 in December 2020. We eval- 

uated the real-world effect of remdesivir on mortality and the need for mechanical ventilation among 

inpatients with COVID-19. 

Methods: The study included 346 remdesivir recipients and 346 controls not receiving remdesivir se- 

lected through propensity score matching based on age, gender, presence of any chronic comorbid condi- 

tion, and oxygen saturation at admission. Factors associated with in-hospital mortality and the need for 

mechanical ventilation were assessed in a multivariable logistic regression model. 

Results: The groups were comparable by age, gender, comorbidities, and baseline oxygen saturation. 

Among 346 remdesivir recipients, 265 (76.6%) received a generic formulation of the drug. Eight (2.3%) 

patients died in the remdesivir group and 18 (5.2%) in the control group ( P = 0.046). In the multivariable 

analysis, remdesivir was associated with non-statistically significant reduced odds of death (odds ratio: 

0.39, 95% confidence interval: 0.14-1.04, P = 0.06). Significantly fewer patients in the remdesivir group 

required mechanical ventilation compared to controls: 2.9% vs 6.4% ( P = 0.03). Statistically significant 

difference was maintained in multivariable analysis (odds ratio: 0.40, 95% confidence interval: 1.04-5.60, 

P = 0.04). 

Conclusion: Borderline reduction in the odds of death and statistically significant decrease in the need 

for mechanical ventilation support use of remdesivir in hospitalized patients with COVID-19. 

© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Remdesivir, a direct-acting nucleotide analog and RNA- 

ependent RNA-polymerase inhibitor, is the first antiviral drug 

uthorized for the treatment of COVID-19 in the United States 

nd European Union [ 1 , 2 ]. Authorizations followed the findings 

f adaptive COVID-19 treatment trial (ACTT-1), showing reduced 

ime to recovery among remdesivir recipients [3] . ACTT-1 also 

howed a trend toward reducing mortality, but the difference did 

ot reach statistical significance [3] . Neither did the World Health 

rganization (WHO) Solidarity trial demonstrate the survival ben- 
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fit of remdesivir [4] . Real-world data on the impact of remdesivir 

n mortality yielded conflicting results so far, with several large 

bservational studies indicating significant reduction in mortality, 

hile others failed to show such benefit [5–9] . 

Georgia, an independent Eastern European country, was hit 

ard by the COVID-19 pandemic, with cumulative 415,0 0 0 in- 

ections and 40 0 0 deaths reported per million population as of 

pril 25, 2022 [10] . Georgia was one of the first resource-limited 

ountries to recommend remdesivir for the treatment of hospital- 

zed patients in December 2020. The country procured a generic 

ormulation of the drug (Desrem, Mylan, India), but because of 

andemic-related shipment delays, the brand product (Veklury, 

ilead, USA) was also available for a short period of time through 
 donation from Gilead Sciences. 
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The primary objective of the study was to evaluate the real- 

orld effect of remdesivir on mortality among hospitalized pa- 

ients with COVID-19 in Georgia. The secondary objective was to 

ssess the impact of remdesivir on the new need for mechanical 

entilation. 

ethods 

ational protocols on COVID-19 management 

Management of patients with COVID-19 in Georgia is governed 

y national guidelines first approved by the Ministry of Health in 

pril 2020 and last updated in December 2021 [11] . Hospitalization 

riteria have been changing depending on the epidemiological situ- 

tion in the country and the burden on the healthcare system dur- 

ng outbreak waves. In general, hospitalization was strongly rec- 

mmended for patients with severe COVID-19 disease (e.g., oxygen 

aturation on room air < 94%, severe pneumonia with > 50% infil- 

ration of lung tissue). Patients with moderate COVID-19 disease 

e.g., oxygen saturation on room air ≥94%, pneumonia with ≤50% 

nfiltration of lung tissue) were also eligible for hospitalization, es- 

ecially those at higher risk of disease progression, including peo- 

le aged ≥65 years, presence of comorbid conditions such as car- 

iovascular disease, chronic lung disease, diabetes mellitus, cancer, 

besity, chronic kidney disease, and immunocompromised condi- 

ions. 

The December 2020 update of national guidelines recom- 

ended remdesivir for the treatment of hospitalized patients with 

OVID-19 with oxygen saturation < 94% on room air and for pa- 

ients at high risk of disease progression (age ≥65, chronic comor- 

id conditions). Treatment with remdesivir is recommended to be 

nitiated within 10 days of symptom onset (or within 10 days of 

iagnosis if initially asymptomatic) with the following scheme: a 

olus dose of 200 mg on day 1 and 100 mg daily on days 2 to 5.

reatment can be expanded to 10 days. According to the national 

OVID-19 treatment guideline, using remdesivir was not recom- 

ended in patients with hypersensitivity reactions to the medicine 

r any of its components, in patients with estimated glomerular fil- 

ration rate < 30 ml/min per 1.73 m 

2 , or patients with liver enzyme

evel elevations > 5 times the upper limit of normal. Using remde- 

ivir was not recommended during pregnancy unless the potential 

enefit outweighed the potential risk. 

According to the national guidelines, the standard of care con- 

ists of symptomatic treatment, prophylactic anticoagulation for 

very hospitalized patient, and corticosteroids for patients requir- 

ng supplemental oxygen. 

tudy design and participants 

We conducted a comparative effectiveness retrospective cohort 

tudy at the Infectious Diseases, AIDS and Clinical Immunology Re- 

earch Center (IDACIRC) in Tbilisi, Georgia. This 100-bed hospital is 

he country’s referral institution for infectious diseases, with 75% 

f its capacity devoted to caring for patients with COVID-19 during 

he pandemic. 

The cohort included adults (age ≥18 years) with laboratory- 

onfirmed COVID-19 (positive nasopharyngeal antigen or poly- 

erase chain reaction test) first hospitalized at IDACIRC for at least 

2 hours between November 01, 2020, and August 15, 2021, and 

ot requiring mechanical ventilation at the time of hospitalization. 

he remdesivir arm of the study included consecutive patients who 

eceived at least one dose of the drug. Controls were selected 

hrough propensity score matching with 1:1 ratio based on age, 

ender, presence of any chronic comorbid condition, and oxygen 

aturation on room air at the time of hospitalization. Patients from 

oth the remdesivir and control group were included during the 
64 
ame timeframe (November 2020-August 2021). The differences in 

he prescription of the drug were due to eligibility criteria, prior- 

tization due to supply shortages, drug stock-out, and physicians’ 

iscretion. 

tatistical analysis 

Primary outcome of interest was in-hospital mortality, and 

he secondary outcome of interest was the need for mechani- 

al ventilation (combined non-invasive and invasive ventilation). 

atients were followed from their admission until discharge or 

eath during hospitalization. For assessing secondary outcomes, 

ata were censored at the date of the start of mechanical venti- 

ation. All data were extracted from the electronic medical records 

ystem that contained detailed information on every hospitaliza- 

ion. Bivariate comparisons were tested using Pearson’s chi-square 

r Fisher’s exact test as appropriate. Factors associated with in- 

ospital mortality and the need for mechanical ventilation were 

ssessed in a multivariable logistic regression model. The multi- 

ariable regression model included all variables used for propen- 

ity score matching (baseline age, gender, pre-existing comorbidi- 

ies, and oxygen saturation), including baseline laboratory values 

or neutrophils, lymphocytes, platelet count, C-reactive protein, d- 

imer, and ferritin. To account for potential impact of circulat- 

ng viral strain on outcomes of interest regression models were 

lso adjusted for hospital admission periods, categorized by domi- 

ant SARS-CoV-2 strain circulating in Georgia: pre-variants of con- 

ern period (November 2020-January 2021), Alpha strain period 

February-June 2021), and Delta strain period (July-August, 2021) 

12] We performed sub-group analysis for patients who received 

eneric remdesivir with propensity score-matched controls. All sta- 

istical analyses were performed using SAS 9.4. A P -value of < 0.05 

as considered statistically significant. 

esults 

A total of 1683 adults with laboratory-confirmed COVID-19 

ere admitted to IDACIRC between November 01, 2020, and Au- 

ust 15, 2021. Among them, 1591 were eligible for inclusion in the 

ohort. A total of 346 patients received remdesivir, and all were 

ncluded in the analysis, with 346 propensity score-matched con- 

rols selected among those not receiving remdesivir ( Figure 1 ). The 

wo groups were comparable in terms of age, gender, pre-existing 

omorbidities, and baseline oxygen saturation at the time of hos- 

italization ( Table 1 ). No statistically significant differences were 

bserved by individual comorbid conditions. The most common 

omorbid conditions in both groups were hypertension (32.4% in 

emdesivir group and 30.7% in control group, P = 0.62). There 

ere significant differences in some of the baseline laboratory 

arkers, including white blood cells, platelets, d-dimer, and fer- 

itin ( Table 1 ). More remdesivir patients had a platelet count of 

 150 × 10 9 /l (26.6% vs 17.6%, P = 0.005), while more controls had

-dimer > 1 mcg/ml (15.0% vs 9.8%, P = 0.04). Patients were hos- 

italized after median of 5 (interquartile range [IQR]: 3-7) days 

ince symptom onset, including 5 (IQR: 3-6) days for remdesivir 

roup and 6 (IQR: 4-9) days for control group ( P < 0.0 0 01). Differ-

nces were also found in admission time periods. In both groups, 

ost of the patients were admitted during the dominance of the 

lpha strain, and 30.2% of the total cohort was hospitalized dur- 

ng the dominance of the Delta strain ( Table 1 ). No statistically 

ignificant differences were found in terms of vaccination status. 

verall, 18 (2.6%) participants had any history of vaccination at the 

ime of admission; among them, only 4 (0.6%) were fully vacci- 

ated ( Table 1 ). 

No statistically significant differences were observed in the pre- 

cription of therapeutics other than remdesivir. Over the course 
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Figure 1. Study flow diagram. 

Table 1 

Baseline population characteristics at the time of hospitalization and COVID-19-related use of therapeutics (n = 652). 

Remdesivir (n = 346) No remdesivir (n = 346) P -value 

Age in years, median (IQR) 60 (50-69) 60 (52-69) 0.61 

Age ≥65, n (%) 115 (33.2) 121 (35.0) 0.63 

Women, n (%) 150 (43.3) 154 (44.5) 0.76 

Any pre-existing comorbidity, n (%) a 228 (65.9) 230 (66.5) 0.87 

Hypertension 112 (32.4) 106 (30.7) 0.62 

Heart diseases 45 (13.0) 37 (10.7) 0.35 

Diabetes mellitus 45 (13.0) 51 (14.7) 0.58 

Chronic infectious diseases 14 (4.0) 13 (3.8) 0.84 

Obesity 12 (3.5) 5 (1.4) 0.09 

Cancer 10 (2.9) 6 (1.7) 0.31 

Chronic obstructive pulmonary disease 8 (2.3) 9 (2.6) 0.81 

Other 39 (11.3) 30 (8.7) 0.25 

SpO 2 , median (IQR) 95 (93-96) 95 (93-96) 0.55 

SpO 2 , < 94%, n (%) 110 (31.8) 108 (31.2) 0.87 

Symptom duration, median days (IQR) 5 (3-6) 6 (4-9) < 0.0001 

White blood cell count, median X 10 9 /l (IQR) 5.1 (4.0-6.1) 5.3 (4.3-6.7) 0.02 

Neutrophil count, median X 10 9 /l (IQR) 3.2 (2.4-4.1) 3.3 (2.5-4.4) 0.09 

Lymphocyte count, median X 10 9 /l (IQR) 1.1 (0.8-1.5) 1.2 (0.9-1.6) 0.05 

Neutrophil-to-lymphocyte ratio, median (IQR) 2.7 (1.8-3.9) 2.6 (1.7-4.0) 0.65 

Neutrophil-to-lymphocyte ratio > 3.3, n (%) 121 (35.0) 119 (34.4) 0.87 

Platelet count, median X 10 9 /l (IQR) 180 (146-209) 200 (162-220) < 0.0001 

Platelet count < 150 × 10 9 /l, n (%) 92 (26.6) 61 (17.6) 0.005 

C-reactive protein, median mg/l (IQR) 24.5 (12.0-45.0) 27.1 (13.4-48.1) 0.30 

C-reactive protein ≥40 mg/l, n (%) 104 (30.1) 118 (34.1) 0.25 

D-dimer, median mcg/ml (IQR) 0.47 (0.34-0.67) 0.52 (0.39-0.75) 0.0007 

D-dimer > 1.0 mcg/ml, n (%) 34 (9.8) 52 (16.0) 0.04 

Ferritin, median mcg/l (IQR) 182 (93-302) 235 (114-340) 0.03 

Ferritin > 500 mcg/l, n (%) 36 (10.4) 45 (13.0) 0.25 

Time period of admission by dominant strain, n (%) 

Pre-Variants of Concern strains (November 2020-January 2021) 34 (9.8) 94 (27.2) < 0.0001 

Alpha strain (February-June 2021) 187 (54.1) 168 (48.5) 

Delta strain (July-August 2021) 125 (36.1) 84 (24.3) 

History of vaccination, n (%) 

Fully vaccinated 2 (0.6) 2 (0.6) 1.00 

Partially vaccinated 9 (2.6) 5 (1.4) 0.28 

Therapeutics used during hospitalization, n (%) 

Dexamethasone 158 (45.7) 149 (43.1) 0.49 

Low-molecular-weight heparin 322 (93.1) 317 (91.6) 0.47 

Antibiotics 98 (28.3) 110 (31.8) 0.32 

IQR, interquartile range; SpO 2 , oxygen saturation on room air. 
a Some patients had multiple comorbidities; among 228 remdesivir recipients with any comorbidity the total number of comorbidities 

was 285; among 230 patients with any comorbidity, the total number of comorbidities was 257. 

65 
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Figure 2. Primary and secondary outcome analyses (n = 692). 

CI, confidence interval. 
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f disease, 307 patients were prescribed dexamethasone, including 

58 (45.7%) remdesivir recipients and 149 (43.1%) in the control 

roup ( P = 0.49). Low-molecular-weight heparin was prescribed 

o 93.1% of remdesivir recipients vs 91.6% among control group 

 P = 0.47). Use of antibiotics was documented in 28.3% of remde- 

ivir recipients and 31.8% among controls ( P = 0.17) ( Table 1 ). 

Among 346 remdesivir recipients, 265 (76.6%) received the 

eneric formulation (Desrem, Mylan, India) and 81 (23.4%) the 

rand product (Velkury, Gilead, USA). 

After the median 9 days of hospital stay (remdesivir: 9 [IQR: 7- 

2] days; control: 9 [IQR 6-12] days, P = 0.66), 8 (2.3%) patients 

ied in the remdesivir group, compared to 18 (5.2%) in the control 

roup ( P = 0.046) ( Figure 2 a). In the multivariable analysis, remde-

ivir was associated with reduced odds of death with borderline 

tatistical significance: odds ratio (OR): 0.39, 95% confidence in- 

erval (CI): 0.14-1.04, P -value = 0.06 ( Figure 3 a). Factors signifi- 

antly associated with increased odds of mortality included: age 

65 (OR: 3.48, 95% CI: 1.31-9.28, P = 0.01), baseline oxygen satu- 

ation < 94% (OR: 5.77, 95% CI: 2.14-15.57, P = 0.0 0 05), neutrophil-

o-lymphocyte ratio > 3.3 (OR: 5.26, 95% CI: 1.94-14.24, P = 0.001), 

-dimer > 1.0 mcg/ml (OR: 3.35, 95% CI: 1.30-8.62, P = 0.01), hospi- 

al admission during dominance of Delta strain vs Alpha (OR: 3.22, 

5% CI: 1.04-9.96, P = 0.04). Duration of symptoms was associ- 

ted with reduced odds of mortality (OR: 0.79, 95% CI: 0.66-0.97, 

 = 0.02). 

Overall, 32 patients required mechanical ventilation, including 

1 requiring invasive ventilation (four in remdesivir and seven 

n control groups). Significantly fewer patients in the remdesivir 

roup required mechanical ventilation compared to controls: 10 

2.9%) vs 22 (6.4%) ( P = 0.03) ( Figure 2 b). Statistically significant

ifference was maintained in multivariable analysis with OR of 

.40, 95% CI: 0.16-0.96, P -value = 0.04 ( Figure 3 b). Factors sig-

ificantly associated with increased odds of mechanical ventila- 

ion include age ≥65 (OR: 2.41, 95% CI: 1.04-5.60, P = 0.04), 

ny pre-existing comorbid condition (OR: 3.45, 95% CI: 1.01-11.81, 

 = 0.048), baseline oxygen saturation < 94% (OR: 5.86, 95% CI: 

.42-14.22, P < 0.0 0 01), neutrophil-to-lymphocyte ratio > 3.3 (OR: 

.08, 95% CI: 2.11-12.25, P = 0.0 0 03), hospital admission dur- 

ng dominance of pre-variants of concern strains vs Alpha (OR: 

.47, 95% CI: 1.20-10.04, P = 0.02) and hospital admission dur- 

ng dominance of Delta strain vs Alpha (OR: 3.65, 95% CI: 1.33- 

.98, P = 0.01). Duration of symptoms was associated with reduced 

dds of new mechanical ventilation (OR: 0.82, 95% CI: 0.69-0.98, 

 = 0.03). ( Figure 3 b). 
t

66 
Similar results were obtained in a sub-group analysis of peo- 

le receiving generic remdesivir (n = 265) and matched controls 

n = 265). In crude analysis, remdesivir showed statistically sig- 

ificant improvement in mortality (2.3% in remdesivir and 5.7% in 

ontrol groups, P = 0.045), as well as in the need for mechan- 

cal ventilation (2.0% in remdesivir and 6.4% in control groups, 

 = 0.01). In multivariable analysis, the benefit of remdesivir be- 

ame insignificant (OR: 0.42, 95% CI: 0.14-1.25, P = 0.12) for mor- 

ality, while significance was maintained for the reduced odds 

f mechanical ventilation (OR: 0.25, 95% CI: 0.08-0.80, P = 0.02) 

 Figure 4 ). 

iscussion 

We report results of comparative analysis of in-hospital mortal- 

ty in Georgia’s referral hospital for infectious diseases. Findings in- 

icate a potential mortality benefit of remdesivir, which along with 

he reduction in the need for mechanical ventilation, strongly sup- 

orts routine use of remdesivir for the treatment of hospitalized 

atients with COVID-19. 

There has been uncertainty about the effectiveness of remde- 

ivir in preventing death in the world literature. Results of clini- 

al trials and observational studies range from no survival benefit 

hrough improved survival in certain patient populations to signif- 

cant mortality reduction in all. THE WHO Solidarity trial showed 

o effect on mortality in any subset of patients, which led to 

HO’s guidelines panel recommending against the use of remde- 

ivir [ 4 , 13 ]. Several studies, including pivotal ACTT-1, found survival 

enefits in a subset of patients, such as those requiring oxygen 

upport without ventilation [ 3 , 14 , 15 ]. An observational study from 

rance showed a reduction in the combined outcome of in-hospital 

eath and/or intensive care unit admission [16] . Several other real- 

orld studies, including a large observational study of more than 

0 0,0 0 0 patients from the United States, showed significant sur- 

ival benefit of remdesivir for all patients [ 5 , 17–20 ]. Moreover, the 

esults of a recent trial of outpatients showed that early initiation 

f remdesivir among high-risk non-hospitalized populations signif- 

cantly reduces the risks of death [21] . 

Our data, showing a trend toward reducing mortality, does not 

efute but rather reinforces survival benefit of remdesivir. It should 

e noted that in our study, a similar proportion of patients re- 

eived dexamethasone, and very few patients had been vaccinated 

t the time of hospital admission; therefore, we believe that the 

rend toward reducing mortality was due to remdesivir. 
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Figure 3. Multivariable analysis of factors associated with primary and secondary outcomes (n = 692). 

CI, confidence interval; CRP, C-reactive protein; NLR, neutrophil-to-lymphocyte ratio; OR, odds ratio; SpO 2 , oxygen saturation on room air; VOC, variants of concern. 
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In addition to borderline effectiveness in terms of mortality, 

emdesivir, in our study, showed statistically significant improve- 

ent in the need for mechanical ventilation. This finding corrobo- 

ates results of post hoc analysis of ACTT-1, a recent Canadian trial, 

nd of two systematic reviews also showing benefits in preventing 

he new need for mechanical ventilation [ 14 , 22–24 ]. 

SARS-CoV-2 strains circulating in Georgia changed over time 

uring the study period. This was accounted for in multivariable 

nalysis by categorizing hospital admission periods into three cat- 

gories based on dominant circulating strains in Georgia, accord- 

ng to GISAID. Approximately 30% of participants were admitted 

o hospital during the predominance of the Delta strain, which is 

nown to cause more severe disease compared to previous vari- 

nts, especially among unvaccinated persons [25] . This suggests 

hat remdesivir can be beneficial for all variants of the virus. 

To the best of our knowledge, our study is the first compar- 

tive effectiveness analysis of predominantly generic remdesivir 

rom resource-limited settings. Most descriptive reports from India, 

akistan, and Nepal provided proof of concept that remdesivir can 

e safely and effectively rolled out in lower-income settings [26–

8] . We further justify that remdesivir is a foundational treatment 
67 
ption for hospitalized patients with COVID-19 in resource-limited 

ountries as well. Sub-group analysis of generic remdesivir showed 

imilar results in terms of survival benefit in crude analysis and a 

tatistically significant 75% reduction in the new need for mechan- 

cal ventilation in multivariable model. This latter finding is par- 

icularly important for low- and middle-income countries (LMIC). 

ven before the COVID-19 pandemic, invasive mechanical ventila- 

ion was associated with high rates of mortality in LMICs, reaching 

2% compared to up to 34% in high-income countries [29] . This 

triking difference is likely due to the lack of technical and human 

apacities, which could have been even more critical in the en- 

ironment of a stressed healthcare system during COVID-19 pan- 

emic. Therefore, we strongly believe that averting the need for 

echanical ventilation can bring substantial improvements in sur- 

ival in LMICs. 

Use of generics has important cost considerations for LMICs, es- 

ecially considering the latest update from WHO of September 16, 

022, recommending remdesivir for severe COVID-19 [13] . Thanks 

o the Gilead’s agreement with generic manufacturers, remdesivir 

s licensed for sale in 127 LMICs at a substantially lower cost com- 

ared to the brand product [ 30 , 31 ]. Economic analysis from South 
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Figure 4. Multivariable analysis of factors associated with primary and secondary outcomes among persons receiving generic remdesivir (n = 530). 

CI, confidence interval; CRP, C-reactive protein; NLR, neutrophil-to-lymphocyte ratio; OR, odds ratio; SpO 2 , oxygen saturation on room air; VOC, variants of concern. 
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frica showed that the use of generic remdesivir at a price of $330 

or a 5-day treatment course could be cost-saving [32] . The price 

f the generic formulation has been reduced even more since the 

ublication of this paper. Latest procurement prices from Georgia 

ndicate that the 5-day treatment course may cost as low as $54, 

aking it more affordable for even more countries. 

imitations 

As with all non-randomized comparisons our study is subject 

o bias because of unmeasured or residual confounding. Propensity 

core matching was performed only on four variables (age, gen- 

er, comorbidities, and oxygen saturation) that are key factors in 

ecision-making on the prescription of remdesivir in Georgia. This 

esulted in imbalance of other factors known to increase risk of 

ortality, such as inflammatory markers. This imbalance was ac- 

ounted for in multivariable analysis. Analyses did not account for 

afety profiles and patients’ body mass index, the two factors that 

ay have influenced the outcomes. However, it should be noted 

hat obesity was identified as one of the comorbid conditions and 

as included in the analysis as part of the comorbid conditions. 

lso, analysis included deaths occurring during the hospitalization; 

e did not have information on vital status of patients after their 
68 
ischarge. With median of 9 days of hospital stay, it is possible that 

e missed fatal cases occurring after live discharge from our hos- 

ital. Finally, the relatively small sample size of the cohort affected 

tatistical power. Despite these limitations, we strongly believe that 

he study meaningfully adds to the body of knowledge on the use 

f remdesivir in a real-world setting, especially in resource-limited 

ettings. 

In summary, this comparative effectiveness study showed clin- 

cally important benefits of remdesivir in terms of borderline re- 

uction in the odds of death and statistically significant decrease 

n the need for mechanical ventilation. Although association with 

educed mortality was not statistically significant, the direction of 

he effect suggests potential for clinically important survival ben- 

fits. Along with accumulating real-world evidence, our data sup- 

ort use of remdesivir in hospitalized patients with COVID-19 in 

oth resource-rich and resource-limited countries, especially given 

hat the drug is now recommended by WHO and is available as a 

ow-cost generic formulation. 
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