
1 of 22Influenza and Other Respiratory Viruses, 2024; 18:e70065
https://doi.org/10.1111/irv.70065

Influenza and Other Respiratory Viruses

SYSTEMATIC REVIEW OPEN ACCESS

Comparative Effectiveness of Antivirals and Monoclonal 
Antibodies for Treating COVID-19 Patients Infected With 
Omicron Variant: A Systematic Review and Network 
Meta-Analysis
Kristy T. K. Lau1   |  Xi Xiong2,3,4   |  Carlos K. H. Wong1,4,5,6   |  Ivan C. H. Au7   |  Angel Y. C. Lui2  |  Gavin Y. T. Tsai2  |  
Tingting Wu4   |  Lanlan Li8   |  Eric H. Y. Lau9,10   |  Benjamin J. Cowling4,9   |  Gabriel M. Leung4,9

1Department of Family Medicine and Primary Care, School of Clinical Medicine, Li Ka Shing Faculty of Medicine, University of Hong Kong, Hong 
Kong SAR, China  |  2Department of Pharmacology and Pharmacy, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong SAR, 
China  |  3Research Department of Practice and Policy, School of Pharmacy, University College London, London, UK  |  4Laboratory of Data Discovery 
for Health Limited (D24H), Hong Kong Science Park, new Territories, Hong Kong SAR, China  |  5Department of Infectious Disease Epidemiology and 
Dynamics, London School of Hygiene and Tropical Medicine, London, UK  |  6The Hong Kong Jockey Club Global Health Institute, Hong Kong SAR, 
China  |  7School of Public Health, Li Ka Shing Faculty of Medicine, University of Hong Kong, Hong Kong SAR, China  |  8Department of Medicine, Li 
Ka Shing Faculty of Medicine, University of Hong Kong, Hong Kong SAR, China  |  9WHO Collaborating Centre for Infectious Disease Epidemiology 
and Control, School of Public Health, Li Ka Shing Faculty of Medicine, University of Hong Kong, Hong Kong SAR, China  |  10Institute for Health 
Transformation, Faculty of Health, Deakin University, Melbourne, Australia

Correspondence: Carlos K. H. Wong (carlosho@hku.hk)

Received: 13 June 2023  |  Revised: 4 December 2024  |  Accepted: 5 December 2024

Funding: This study was supported by the AIR@InnoHK administered by Innovation and Technology Commission, Government of Hong Kong Special 
Administrative Region, China and the Hong Kong Jockey Club Global Health Institute (HKJCGHI), Hong Kong Special Administrative Region, China.

Keywords: antiviral | COVID-19 | monoclonal antibody | Omicron | SARS-CoV-2 | treatment

ABSTRACT
Antiviral drugs likely remain effective against the SARS-CoV-2 Omicron variant, while monoclonal antibody (mAb) therapies 
have experienced drops in neutralizing ability. This systematic review and network meta-analysis aims to estimate the com-
parative effectiveness of antivirals and mAb therapies for treating COVID-19 patients infected with Omicron, capturing pri-
marily acute outcomes. We searched multiple databases from July 4 to July 19, 2022, with updates through November 4, 2022. 
Studies comparing the effectiveness of antivirals or mAb to either nonuser controls or other treatments were included. Risk of 
bias was assessed using the Cochrane RoB 2 and ROBINS-I tools. Data extraction and verification involved five independent 
researchers. Among 39 studies (727,893 individuals with COVID-19, including 38 nonrandomized trials), nirmatrelvir/ritonavir 
and sotrovimab were associated with lower risks of mortality (HR = 0.317, 95% credible intervals [CrI] = 0.144–0.678; HR = 0.176, 
95%CrI = 0.052–0.527) and hospitalization (HR = 0.479, 95%CrI = 0.319–0.711; HR = 0.489, 95%CrI = 0.293–0.797) compared with 
nonuser controls. Remdesivir users were associated with a lower risk of hospitalization (HR = 0.367, 95%CrI = 0.147–0.868) but 
not mortality. Molnupiravir and bebtelovimab showed no significant benefits for these outcomes. In conclusion, among indi-
viduals infected with COVID-19 during the Omicron wave, mortality risk was lower with nirmatrelvir/ritonavir or sotrovimab 
use, whereas hospitalization was reduced with nirmatrelvir/ritonavir, remdesivir, or sotrovimab. Sotrovimab and nirmatrelvir/
ritonavir were effective against Omicron B.1.1.529/BA.1 and BA.2/BA.4/BA.5 subvariants, respectively. A key limitation is that 
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findings rely on data from the last search and may be impacted by potential changes in mortality risk due to immune evasion by 
emerging variants, highlighting the need for ongoing randomized trials across variants and populations.
Trial Registration: The study was registered on PROSPERO, CRD42022351508.

1   |   Introduction

The Omicron variant of COVID-19 (B.1.1.529) was first reported 
to the World Health Organization (WHO) on November 24, 2021 
[1]. The variant, first identified in Botswana and South Africa, 
quickly superseded the Delta variant as the dominant circulat-
ing SARS-CoV-2 variant in the world due to its very high trans-
mission rate, as well as immune evasion from vaccines and 
neutralizing antibodies [2]. During the Omicron wave in the 
United States, Omicron variants accounted for 95% of all se-
quenced COVID-19 cases [3]. The variant is further divided into 
subvariants as it evolves, including BA.1, BA.2, BA.4, and BA.5 
[4]. Early in January 2022, BA.1 reached its peak before being 
superseded by BA.2 [5]. Following that, BA.2 represented 86% of 
total COVID-19 cases reported to the WHO, becoming the more 
dominant subvariant during February–March 2022 [6]. In late 
2022, BA.5, BQ.1, and BQ.1.1 have emerged and accounted for 
>80% of new COVID-19 cases in the US [7].

Following the identification of the Omicron variant and its sub-
variants, in vitro studies have been conducted to determine the 
neutralizing abilities of pharmaceutical interventions against this 
variant of concern (VOC). Results have suggested that antiviral 
drugs, that is, remdesivir, molnupiravir, and nirmatrelvir/ritona-
vir, likely remain effective against most notable variants in circu-
lation [4]. However, monoclonal antibody (mAb) therapies have 
experienced drops in their neutralizing ability against Omicron 
[8, 9]. Casirivimab/imdevimab may be ineffective against BA.1, 
alongside conflicting evidence regarding its in  vitro efficacy 
against BA.2 and subsequent subvariants [10–12]. Although 
sotrovimab has demonstrated neutralizing ability against BA.1, 
it is generally ineffective against BA.2 and subsequent sub-
variants [4, 13]. Bebtelovimab potently neutralizes Omicron 
B.1.1.529, BA.2, BA.2.12.1, BA.2.75, BA.4, and BA.5 but not 
BQ.1 and BQ.1.1 subvariants [4, 14–17]. Additionally, Omicron 
subvariants, except for BA.2.75, are found to be less susceptible 
to tixagevimab/cilgavimab [4, 10, 14, 15]. It is important to note 
that direct virus neutralization is only one of several antiviral 
mechanisms expected for pharmaceutical interventions against 
VOC to act in vivo; therefore, changes in in vitro neutralization 
potency against different variants may not fully represent the ac-
tual antiviral effectiveness observed in clinical settings [18]. For 
example, in vivo studies have demonstrated the effectiveness of 
sotrovimab in clinical settings when Omicron BA.2 was the pre-
dominant variant, despite previous in vitro studies suggesting it 
is generally ineffective against BA.2 [4, 13, 19].

Although there are several systematic reviews and meta-
analyses published for the evaluation of pharmaceutical inter-
ventions against COVID-19 [20–23], they did not differentiate 
treatment groups by VOC and involved mostly trials before the 
Omicron era. At the time of writing, there is a lack of head-to-
head comparison of the efficacy and effectiveness of pharma-
cological treatments against clinical outcomes concerning the 
Omicron variant. Therefore, this systematic review and network 

meta-analysis aims to summarize the direct and indirect ev-
idence of the clinical effectiveness of different antivirals and 
mAb therapies in treating COVID-19 patients infected with the 
Omicron variant and its sublineages.

2   |   Methods

2.1   |   Data Sources and Searches

We used PubMed, Embase, Cochrane COVID-19 study register, 
VIEW-hub study repository, and WHO COVID-19 database to 
capture a comprehensive range of published and pre-print studies, 
encompassing clinical trials and observational studies with a focus 
on COVID-19-related research and real-world data. Studies were 
also identified from citations of included studies. Identification 
of studies occurred from July 4 to July 19, 2022. Additional hand 
search and study screening were completed by November 4, 2022.

The protocol of this study is registered with PROSPERO, number 
CRD42022351508. Results are reported in accordance with the 
PRISMA extension statement for network meta-analysis [24].

2.2   |   Study Selection

In this review, we included original, randomized trials and ob-
servational studies (i.e., case–control studies and cohort studies) 
of human participants investigating the effectiveness of antivi-
rals and mAb therapies against clinical outcomes during the 
Omicron predominant period (defined as November 24, 2021, 
and later), in preprint or publication. We excluded systematic 
reviews, meta-analyses, preclinical studies, commentaries, ed-
itorials, correspondence without original findings, case series 
or case reports, and observational studies without a comparison 
or control group; studies investigating vaccine immunogenic-
ity, safety, and efficacy; studies investigating the effectiveness 
of drug treatments other than antivirals and mAb therapies; 
studies investigating pharmaceutical pre- and post-exposure 
prophylaxis of COVID-19; studies investigating post-COVID-19 
conditions; and non-English studies. To address potential dupli-
cation from multiple databases, we used EndNote to systemati-
cally remove duplicates before screening. The identified studies 
were independently screened by four researchers (KTKL, XX, 
GYTT, and AYCL) by title, then by abstract, and eventually by 
full text. Any discrepancies during study selection were resolved 
through discussion with the senior author (C.K.H.W.) to ensure 
consistency and thorough evaluation. Search strategies devel-
oped for this study are outlined in Appendix S1.

2.3   |   Data Extraction and Quality Assessment

Regarding the use of antivirals or mAb, first author's last name 
and country, study design with variables controlled, Omicron 
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subvariants, observation period, study population (age and 
special patient population), inclusion and exclusion criteria, 
sample size, patient setting, disease severity, dosage, time from 
symptom onset to treatment initiation, COVID-19 vaccination 
status, disease outcomes, and effect measures in terms of odds 
ratios (ORs)/hazard ratios (HRs)/incidence rate ratios (IRRs) 
(coupled with 95% confidence intervals and p-values). OR/HR/
IRR (coupled with 95% CI and p-values) were extracted by five 
independent researchers (K.T.K.L., I.C.H.A., G.Y.T.T., A.Y.C.L., 
and X.X.). Any discrepancies were reconciled and resolved by 
discussion with the senior author of the study (C.K.H.W.).

Bias assessment and quality assessment for randomized con-
trolled trials (RCTs) and observational studies were carried 
out using the Cochrane Risk of Bias 2 (RoB 2) tool [25] and 
ROBINS-I tool (for nonrandomized studies of interventions) 
[26], respectively. The RoB 2 tool (Figure S1) assesses the risk 
of bias for randomized trials in five domains, namely, bias aris-
ing from the randomization process, bias due to deviations from 
intended interventions, bias due to missing outcome data, bias 
in the measurement of the outcome, and bias in the selection 
of the reported result [25]. The ROBINS-I tool (Figure  S1) as-
sesses the risk of bias due to confounding, bias in the selection 
of participants into the study, bias in the classification of inter-
ventions, bias due to deviations from intended intervention, bias 
due to missing data, bias in the measurement of outcomes, and 
bias in the selection of the reported results [26]. Risk of bias as-
sessments were independently conducted by four researchers 
(T.T.W., L.L.L., G.Y.T.T., and A.Y.C.L.), with any discrepancies 
resolved through discussion with the senior author (C.K.H.W.) 
to ensure a robust quality assessment process.

2.4   |   Data Synthesis and Analysis

The outcomes of this study were (1) mortality from any causes 
and (2) hospitalization from all causes (COVID-19 or non-
COVID-19 related).

We performed a random-effect network meta-analysis using all 
available direct and indirect comparisons to estimate the pooled 
HRs with 95% credible intervals (CrIs) for all pairwise treatment 
comparisons, where CrIs crossing 1 indicate no significant dif-
ference between treatments. The use of 95% CrIs, rather than 
traditional confidence intervals, reflects the Bayesian approach 
applied in network meta-analysis, providing a range within 
which the true effect size is likely to fall with 95% probability. 
Control refers to the “nonuser group” in new user design stud-
ies, whereas in active comparator design studies, all active 
comparators were included in analyses. Arm-level and relative 
effect data were extracted from eligible studies for prespecified 
outcomes in each treatment group. Arm-level data refer to the 
sample size and the total number of events, and relative effect 
data refer to the HR in our analyses. In order to avoid double 
counting, only relative effect data were included in the analysis 
for an individual study that reports both arm-level and relative 
effect data (Table S1) [27].

We established a consistency model assuming no discrepancy 
between direct and indirect evidence for comparisons of each 
treatment in random effect with package “gemtc” [28]. There is a 

potential for bias if the time points used in the systematic review 
are subjectively chosen or selectively reported by the trialist, 
particularly if they coincide with periods of maximum or min-
imum difference between intervention groups [29]. To account 
for the dichotomous outcome and different follow-up times 
between studies, we conducted an analysis by fitting a model 
with a complementary log–log link function and binomial like-
lihood function. Heterogeneity was accounted for by applying 
empirical priors based on Turner et al. [30], providing a robust 
foundation for modeling between-study variance, supplemented 
by subgroup analyses to identify potential sources of variability. 
We employed uninformative prior distributions as automatically 
selected by gemtc to perform an objective, data-driven analysis 
given that we did not have a robust understanding of the treat-
ment effect of COVID-19 therapies. All models were run in four 
Markov chain Monte Carlo chains, and the convergence was 
checked by using the Gelman–Rubin statistic [31] after 50,000 
iterations and 20,000 samples burn-in phase. We used the node-
splitting approach [32] to assess statistical evidence for incon-
sistency, defined as a discrepancy between direct and indirect 
evidence (Figure S2). We applied Egger's test to examine publi-
cation bias.

We performed sensitivity analyses to evaluate the robustness of 
results according to sample size (excluding small studies with 
sample size less than 100) and risk of bias (excluding studies with 
critical/high risk of bias in one or more domains or with unclear 
risk in three or more domains assessed by the ROBINS-I/RoB 2 
tool for assessing risk of bias). Subgroup analyses by Omicron 
subvariants (B.1.1.529/BA.1 sublineages vs. BA.2/BA.4/BA.5 
sublineages) and any history of organ transplant were con-
ducted. Data analysis was performed using R (version 4.2.3) and 
R Studio software (version 2023.03.0). The “gemtc” package was 
used to create a network meta-analysis model (version 1.0-1), 
and the “rjags” package (version 4-14) was used for the Gibbs 
sampling procedure.

3   |   Results

Our search yielded a total of 554 records, of which 39 studies 
were included, all of which are nonrandomized or observational 
studies except for a preliminary analysis of molnupiravir use in 
the PANORAMIC trial (Figure  1). Participants received only 
usual care or one of the antiviral medications (molnupiravir, 
nirmatrelvir/ritonavir, and remdesivir) or mAb therapies (sotro-
vimab and bebtelovimab). Table 1 describes the characteristics 
of 39 studies eligible for inclusion in the current systematic re-
view and network meta-analysis. One study (2.6%) was funded 
or sponsored by pharmaceutical companies [68]. Most of the se-
lected studies were conducted in the United States (15, 38.5%) 
[33, 39, 40, 42, 45–48, 52, 57, 59, 62, 67, 68, 70], followed by Hong 
Kong, China (4, 10.3%) [34, 35, 49, 50], the United Kingdom (4, 
10.3%) [19, 36, 53, 63], and Israel (3, 7.7%) [37, 56, 60], with some 
being conducted in China [54, 58], Canada [43, 66], and Spain 
(2 each, 5.1%) [64, 65] and the remaining in France [44], South 
Korea [51], Poland [38], Australia [41], Mexico [55], Italy [61], 
and Japan (1 each, 2.6%) [69]. Twenty-seven studies (69.2%) spec-
ified the prevalent Omicron subvariant. The majority of studies 
were conducted during the predominance of Omicron B.1.1.529/
BA.1 subvariant (14, 35.9%), followed by BA.2 subvariant (8, 
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20.5%), B.1.1.529/BA.1 or BA.2 subvariants (4, 10.3%), and BA.4 
or BA.5 subvariants (1, 2.6%). Risk of bias analysis for observa-
tional studies (n = 38) showed that 13 (34.2%) studies were at 
critical risk of bias, 5 (13.2%) studies at serious risk of bias, and 
20 (52.6%) studies at moderate risk of bias (Figure S1). Risk of 
bias analysis for the single RCT included (i.e., the PANORAMIC 
trial) was judged to raise some concerns overall (Figure S1).

The network diagram displaying direct comparisons between 
treatment groups for outcomes is shown in Figure 2. A greater 
number of studies provided direct comparisons between nir-
matrelvir/ritonavir and control, molnupiravir and control, and 
sotrovimab and control (i.e., the thicker the line between treat-
ments, the more studies in which the direct comparison was 

made). The results of the network meta-analysis are summa-
rized in Table 2 and Figure 3; 32 (82%) and 27 (69%) studies were 
evaluated for mortality and hospitalization, respectively. Table 2 
provides a league table of all pairwise treatment comparisons, 
highlighting the most effective treatments. When compared to 
controls, sotrovimab and nirmatrelvir/ritonavir are associated 
with lower risks of all-cause mortality (Table 2A and Figure 3), 
whereas sotrovimab, remdesivir, and nirmatrelvir/ritonavir are 
associated with lower risks of all-cause hospitalization (Table 2B 
and Figure 3).

Nirmatrelvir/ritonavir was the only antiviral medication 
associated with lower risks in both mortality (HR = 0.317, 
95%CrI = 0.144–0.678) and hospitalization (HR = 0.479, 

FIGURE 1    |    PRISMA flowchart. The identification of studies eligible for inclusion in the current network meta-analysis. A total of 39 studies were 
included.
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95%CrI = 0.319–0.711) when compared to controls (Table  2 
and Figure  3). Molnupiravir use was associated with compa-
rable risks of mortality (HR = 0.832, 95%CrI = 0.418–1.723) and 
hospitalization (HR = 0.921, 95%CrI = 0.601–1.429) to controls. 
Nirmatrelvir/ritonavir was associated with reduced risks in 
mortality (HR = 0.38, 95%CrI = 0.138–0.988) and hospitaliza-
tion (HR = 0.52, 95%CrI = 0.305–0.867) when compared to 
molnupiravir (Table  2). Remdesivir was not more effective in 
lowering the mortality risk (HR = 0.636, 95%CrI = 0.155–2.54) 
than controls yet significantly protective against hospitaliza-
tion (HR = 0.367, 95%CrI = 0.147–0.868). Regarding the mAb 
therapy, sotrovimab was associated with lower risks of both 
mortality (HR = 0.176, 95%CrI = 0.052–0.527) and hospitaliza-
tion (HR = 0.489, 95%CrI = 0.293–0.797) when compared to 
controls. Meanwhile, bebtelovimab was associated with com-
parable risks of mortality (HR = 0.218, 95%CrI = 0.044–1.032) 
and hospitalization (HR = 0.844, 95%CrI = 0.275–2.465) to 
controls. Furthermore, sotrovimab was associated with lower 
risks of mortality (HR = 0.211, 95%CrI = 0.055–0.695) and hos-
pitalization (HR = 0.53, 95%CrI = 0.28–0.975) when compared to 
molnupiravir (Table 2). Our statistical test showed no evidence 
of publication bias (Egger's test p = 0.243). Results of sensitiv-
ity analyses (Table  S2) were broadly consistent with primary 
results.

The results of subgroup analyses are presented in Supplementary 
Table  S3. Stratified by Omicron subvariants, sotrovimab was 
effective in reducing death (HR = 0.146, 95%CrI = 0.025–0.518) 
and hospitalization (HR = 0.485, 95%CrI = 0.272–0.826) 
against B.1.1.529/BA.1 sublineage than controls, whereas nir-
matrelvir/ritonavir reduced the risks of death (HR = 0.147, 
95%CrI = 0.026–0.821) and hospitalization (HR = 0.744, 
95%CrI = 0.585–0.978) against BA.2/BA.4/BA.5 sublineages. 
For organ transplant patients infected with the Omicron variant 
(10 studies), both sotrovimab (HR = 0.316, 95%CrI = 0.152–0.551) 
and remdesivir were effective in lowering the risk of hospital-
ization (HR = 0.191, 95%CrI = 0.029–0.874) when compared to 
controls. Among nonorgan transplant recipients (29 studies), 

nirmatrelvir/ritonavir appeared to be superior to controls (mor-
tality: HR = 0.299, 95%CrI = 0.124–0.691; hospitalization: 
HR = 0.48, 95%CrI = 0.304–0.745) or molnupiravir (mortality: 
HR = 0.344, 95%CrI = 0.11–0.994; hospitalization: HR = 0.522, 
95%CrI = 0.285–0.933) in the prevention of severe outcomes. A 
summary of the key findings from our systematic review and 
network meta-analysis is presented in Table 3.

4   |   Discussion

Among the antivirals and mAb therapies investigated in this 
systematic review and network meta-analysis, the use of nir-
matrelvir/ritonavir or sotrovimab probably reduces the mortal-
ity risk of patients with SARS-CoV-2 infection of the Omicron 
variant, whereas the use of nirmatrelvir/ritonavir, remdesivir or 
sotrovimab may also lower their risk of hospitalization. When 
comparing therapies, nirmatrelvir/ritonavir and sotrovimab ap-
pear to be more effective than molnupiravir in reducing the risk 
of disease progression to hospitalization or death. Notably, sotro-
vimab is likely effective against B.1.1.529/BA.1 sublineage, and 
nirmatrelvir/ritonavir against BA.2/BA.4/BA.5 sublineages. 
Both sotrovimab and remdesivir also reduce the risk of hospi-
talization among organ transplant recipients affected by the 
Omicron variant. In view of the paucity of data about the clinical 
use of bebtelovimab in COVID-19 patients during the Omicron 
wave, no conclusive evidence on its indications can be made in 
the current study. Besides, the generally high risk of bias and 
heterogeneity of the included studies should be acknowledged.

Overall, our results are generally consistent with those observed 
in previous systematic reviews and network meta-analyses 
of RCTs of drug treatments for COVID-19, namely, a reduced 
mortality risk with nirmatrelvir/ritonavir use and significantly 
fewer hospital admissions among COVID-19 patients on nir-
matrelvir/ritonavir or remdesivir [20, 21, 23]. It has also been 
demonstrated that nirmatrelvir/ritonavir will likely be more ef-
fective than molnupiravir in preventing hospitalization [21]. As 

FIGURE 2    |    Network diagram of direct comparisons of treatment groups for the outcome of (a) mortality and (b) hospitalization. Lines between 
two nodes in the network diagram mean there is direct evidence between two treatments; the thickness of the line corresponds to the number of 
studies in which each direct comparison is made. Here, the network diagram of mortality (a) shows 10 direct comparisons, and the network diagram 
of hospitalization (b) shows 10 direct comparisons.
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this evidence was generated from studies conducted before the 
Omicron wave, it is reassuring that both nirmatrelvir/ritonavir 
and remdesivir appear to have maintained their clinical effec-
tiveness against the Omicron variant, as previously suggested 
by their equipotent antiviral activity observed across SARS-
CoV-2 VOC in vitro [4, 71]. Although molnupiravir has also been 
shown to offer some benefit in lowering the risk of mortality 
[20, 21, 23], its effect in patients with Omicron infection might 
only be evident in certain patient subgroups, such as the elderly 
[60], who have not been adequately vaccinated [34], and those 
requiring hospitalization for COVID-19 [35, 38].

Regarding the use of mAb therapy in COVID-19 patients, cau-
tion is needed to determine and apply specific mAb products 
that are susceptible to the evolving variants and subvariants of 
SARS-CoV-2, thus the clinical effectiveness of mAb therapies 
should always be evaluated in light of particular viral strains. 
Consistent with previous evidence suggesting fewer hospital 
admissions among patients with nonsevere COVID-19 on mAb 
therapies in the pre-Omicron era [72], our results conclude that 
sotrovimab use reduces both hospitalization and mortality risks 

when directed against B.1.1.529/BA.1 but not BA.2 or subse-
quent Omicron subvariants. These are in line with in vitro data 
that find a median of four-fold reduction in neutralizing activ-
ity of sotrovimab against BA.1, and a 17-fold reduction against 
BA.2, alongside a complete loss of activity against BA.2.12.1/
BA.4/BA.5 subvariants [4, 9]. Based on in  vitro data showing 
the retention of neutralizing activity of bebtelovimab against 
most Omicron subvariants [4, 9], and limited evidence from a 
phase 2 clinical trial, bebtelovimab has been granted the EUA 
for treating nonhospitalized patients with mild-to-moderate 
COVID-19 [73]. Nevertheless, only three observational studies 
on bebtelovimab against Omicron infection were eligible for in-
clusion in the current review, and recent experimental evidence 
has suggested potential resistance of Omicron BQ.1 and BQ.1.1 
subvariants to this mAb therapy [73]. In view of the replacement 
with BQ.1 and BQ.1.1 and, subsequently, XBB and XBB.1.5 sub-
variants that bebtelovimab has demonstrated no efficacy against 
in vitro [16, 74], it is no longer authorized for emergency use [75], 
and at the time of writing, no anti-SARS-CoV-2 mAb therapies 
are recommended for treating COVID-19 [76].

Except for five studies that explored the real-world effectiveness 
of oral antivirals among hospitalized COVID-19 patients with 
Omicron infection, the remaining studies were conducted in 
the outpatient setting. Given the relatively low baseline risk of 
Omicron infection, most studies aimed to examine the effect 
of antivirals and mAb therapies in preventing patients from 
progressing to severe COVID-19 requiring hospitalization 
and/or death. Accordingly, the population of interest for these 
drug therapies was mostly patients with mild-to-moderate 
COVID-19, who were also at higher risk of progression to se-
vere disease. Apart from old age and obesity, risk factors for de-
veloping severe COVID-19 include chronic comorbidities (such 
as hypertension; diabetes; heart conditions; chronic lung, kid-
ney, or liver diseases; and malignancy), solid organ or stem cell 
transplant, immunosuppressant use, and incomplete vaccina-
tion status [77]. Notably, the definition of complete vaccination 
against COVID-19 varied across studies by vaccine type (i.e., 
the number of doses constituting the primary series, or con-
ferring sufficient protection), with or without boosters, patient 

FIGURE 3    |    Forest plot of mortality and hospitalization outcomes for comparison between each intervention and control. Associations between 
each intervention and mortality or hospitalization outcomes are presented in this forest plot. Hazard ratios < 1 imply a lower risk of the study out-
comes with treatment use compared to control, where results are considered statistically significant when 95% credible intervals do not include 1 
(null effect).

TABLE 3    |    Summary of key findings.

Key findings

- In this systematic review and network meta-analysis, 
nirmatrelvir/ritonavir and sotrovimab are associated with 
a probable reduction in mortality risk for patients infected 
with the Omicron variant of SARS-CoV-2.
- The use of nirmatrelvir/ritonavir, remdesivir, or 
sotrovimab may also lower the risk of hospitalization for 
these patients.
- Sotrovimab appears effective against the B.1.1.529/BA.1 
Omicron subvariant, whereas nirmatrelvir/ritonavir is likely 
effective against the BA.2/BA.4/BA.5 subvariant.
- Sotrovimab and remdesivir have also shown effectiveness 
in reducing the risks of hospitalization specifically among 
organ transplant recipients affected by the Omicron variant.
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characteristics (viz., any history of organ transplant), and time 
since last vaccine dose. In some studies, such information was 
either lacking or not adequately adjusted for at baseline, and 
some intervention groups were likely to have been vaccinated 
with more doses than others. Consequently, subgroup analy-
ses of drug treatment effects by vaccination status could not be 
evaluated in the current review. Furthermore, only a small pro-
portion of the included studies reported drug effectiveness by 
different age groups; hence, subgroup analyses by age could not 
be examined in the current results.

Taking clinical effectiveness and ease of administration into 
account, our findings support current guidelines that rec-
ommend the early initiation of nirmatrelvir/ritonavir over 
intravenous remdesivir for nonhospitalized patients with 
mild-to-moderate COVID-19 at high risk of progression to 
severe disease (leading to hospitalization or death) and con-
sidering molnupiravir (with limited efficacy) as an alternative 
therapy only when neither of the previous two is accessible 
or clinically appropriate [76, 78, 79]. Since April 5, 2022, the 
EUA for sotrovimab has been revoked in view of the growing 
case incidence of Omicron BA.2 infection, of which this mAb 
therapy is likely ineffective [80]; bebtelovimab is also no lon-
ger authorized for emergency use from November 30, 2022, 
considering the predominance of BQ.1 and BQ.1.1 subvariants 
at that time [75]. Therefore, the scientific and healthcare com-
munities should remain vigilant about the evolving viral mu-
tations and rapid emergence of SARS-CoV-2 (sub)variants that 
may have occurred naturally, or induced by the positive selec-
tion of those that bear resistance to specific mAb therapies 
[8]. Furthermore, the immunity status of COVID-19 patients, 
whether acquired through previous infection or vaccination, 
may also play a role in the clinical efficacy and safety of mAb 
therapies. This should be taken into account along with viral 
sequencing to minimize treatment failure, especially when 
new candidates of anti-SARS-CoV-2 mAb therapies become 
available in the near future [8, 72].

Beyond the clinical effectiveness of antivirals and mAb thera-
pies, there have been several concerns regarding their safety 
and accessibility. Firstly, there has been an increasing number 
of reports on the development of “COVID-19 rebound” following 
oral antiviral treatment, especially nirmatrelvir/ritonavir, in pa-
tients with Omicron infection, which is characterized by the re-
currence of COVID-19-related symptoms and/or re-positive viral 
test results (with high viral load and/or culturable virus) 2–8 days 
after initial recovery [81, 82]. Interestingly, such a rebound phe-
nomenon has been observed in COVID-19 patients regardless 
of their vaccination status, and in both immunocompetent pa-
tients and organ transplant recipients [48, 81, 83]. Although it 
has not been associated with viral mutations or reinfection of a 
different (sub)variant [82, 84], further research is needed to as-
certain the risk factors and clinical outcomes of such rebound; 
and determine if it is related to the natural biphasic pattern of 
SARS-CoV-2 infection, resumption of viral replication after early 
antiviral treatment, dosage and duration of therapy, individual 
pharmacokinetics or comorbidities of patients [48, 85, 86].

Secondly, the long-term safety of antivirals and mAb therapies 
remain to be investigated, for instance, genetic toxicity and car-
cinogenicity of molnupiravir in humans, hepatotoxicity of drugs, 

and the rate of emergency of viral resistance or new variants [79]. 
Clinicians should also be aware of the potentially significant 
drug–drug interactions of nirmatrelvir/ritonavir with other con-
comitant medications [87] and selective pressure and treatment-
emergent resistance of SARS-CoV-2 to existing therapies and 
avoid any inappropriate use of mAb therapies against resistant 
(sub)variants (for instance, the use of bebtelovimab against BQ.1 
and BQ.1.1, or XBB and XBB.1.5 subvariants) [8, 16, 74]. Thirdly, 
early initiation of drugs can be affected by their limited supplies 
and accessibility, the feasibility of parenteral administration, 
and the extensive time and resources needed for viral sequenc-
ing to identify the appropriate mAb therapy, if any, for individ-
ual patients [8]. Ideally, an evidence-based scoring system, such 
as those developed for prioritizing mAb therapies to high-risk 
patients [88], will facilitate the optimal distribution of drugs to 
those who would benefit the most [89].

5   |   Limitations

Several limitations should be acknowledged. Firstly, the re-
liance on predominantly observational studies with varying 
degrees of bias and confounding limits the strength of causal 
inferences about the effectiveness of antivirals and mAb thera-
pies. Secondly, there is considerable heterogeneity among stud-
ies due to differences in study populations, follow-up lengths, 
treatment duration, timing of treatment initiation, and inconsis-
tent adjustments for factors like vaccination status and comor-
bidities. Thirdly, our findings are based on data available as of 
the last search and may be impacted by changes in mortality risk 
due to immune evasion by emerging variants, underscoring the 
need for ongoing randomized trials across different variants and 
patient populations. Finally, despite conducting sensitivity anal-
yses that excluded studies with a critical risk of bias, residual 
confounding remains a concern.

6   |   Future Research

Further research is needed to address these limitations and 
enhance our understanding of antiviral and mAb therapies in 
the context of COVID-19. Recognizing the absence of safety 
and efficacy data for treating Omicron infection, ongoing 
trials (viz., RECOVERY and PANORAMIC) [90, 91] are eval-
uating currently available therapies to inform the clinical 
management of COVID-19 patients. Another research gap in-
volves the safety and efficacy of drug combination therapies 
(i.e., mAb cocktail or mAb plus antiviral) in improving patient 
outcomes and reducing the likelihood of treatment-emergent 
resistance [8, 21, 92], especially in immunocompromised pa-
tients who often experience persistent positivity, virologic fail-
ure, and hence an increased chance for escape mutations to 
emerge [92, 93]. Further research should also focus on head-
to-head comparisons of therapies and their effects on specific 
subpopulations, including pediatric patients, pregnant and 
breastfeeding women, and individuals with varying immunity 
status. Additionally, research should explore how different 
SARS-CoV-2 subvariants influence treatment outcomes and 
the potential effects on long COVID. Active pharmacovigi-
lance programs will monitor the long-term safety of COVID-19 
treatments, whereas genomic sequencing of SARS-CoV-2 and 
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preclinical studies will inform the immune evasion and any 
potential resistance to existing therapies [15]. Moreover, cost-
effectiveness analyses are called for to compare the currently 
available treatments, as the numbers needed to treat to pre-
vent a COVID-19-related hospitalization or death have likely 
increased since those estimated from trials conducted in the 
pre-Omicron era, given the lower baseline risk of Omicron in-
fection and a rising level of population immunity (from vacci-
nation and/or previous infection) [92].

In conclusion, nirmatrelvir/ritonavir or sotrovimab use is as-
sociated with mortality benefit in COVID-19 patients during 
the Omicron wave, where nirmatrelvir/ritonavir, remdesivir 
or sotrovimab users may also experience a lower risk of hos-
pitalization. Notably, sotrovimab is effective against B.1.1.529/
BA.1 subvariant and nirmatrelvir/ritonavir against BA.2/BA.4/
BA.5 subvariants. Evidence on the effectiveness of bebtelovimab 
against Omicron infection remains scarce. In view of the gen-
erally high risk of bias and heterogeneity of the included stud-
ies, further evaluation of the growing literature (especially the 
inclusion of data from ongoing RCTs) is needed to review the 
recommendations on COVID-19 treatments. Constant evalua-
tion of the susceptibility of SARS-CoV-2 (sub)variants to novel 
antivirals and mAb therapies is essential to minimize the in-
appropriate use of therapies against resistant variants, and the 
feasibility, safety, and efficacy of drug combination therapies 
should be explored.
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