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Outcomes are presented for a multisite retrospective case series, 
describing a contemporary cohort of 22 immunocompromised 
patients with persistent coronavirus disease 2019 (COVID-19) 
polymerase chain reaction positivity who were retreated with 
antiviral therapy. For those with data available 14 and 30 days 
after commencement of antiviral therapy, 41% (9 of 22) and 
68% (15 of 22), respectively, cleared COVID-19.
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Coronavirus disease 2019 (COVID-19) in immnuocompro
mised hosts presents with similar signs and symptoms to other 

patient cohorts, but the severity and patient outcomes are gen
erally worse [1]. Immunocompromised hosts are also more 
likely to experience prolonged viral replication and therefore 
take longer to be considered noninfectious [2, 3]. As viral cul
ture is not routinely available for most patient samples, a semi
quantitative review of positive polymerase chain reaction 
(PCR) results (eg, PCR cycle threshold [Ct]) is often used to 
risk stratify patients as to the likelihood of ongoing severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) replica
tion. PCR positivity for SARS-CoV-2 at 21–30 days after initial 
diagnosis is generally considered persistent positivity, occur
ring in 15%–25% of patients with hematological cancer [2, 4]. 
Prolonged PCR positivity may delay the administration of fur
ther immunosuppressive therapy/chemotherapy and prolong 
inpatient isolation precautions [3]. This can, in turn, adversely 
affect the frequency of medical care, rates of preventable ad
verse events, and hospital length of stay [5]. Chronic active in
fection with SARS-CoV-2 may predispose to the development 
of viral mutations, giving rise to new variants of interest, anti
viral resistance, or immune escape [6].

For immunocompromised hosts, COVID-19 directed antiviral 
therapy is recommended to commence within 5–7 days of initial 
symptoms, regardless of disease severity [7]. There are currently 
no treatment recommendations for relapsed or refractory 
COVID-19. A recent survey of Australasian Infectious Diseases 
Physicians demonstrated wide heterogeneity in management ap
proaches for persistent COVID-19 PCR positivity, with clinical 
uncertainty as to (1) the indication for treatment; (2) the pre
ferred antiviral agent; (3) prescription of antivirals as single or 
combination therapy; and (4) duration of therapy [8]. We sought 
to describe outcomes for patients with persistent COVID-19 
treated with antiviral agents in a multicenter Australian study.

METHODS

Study Setting and Patient Population

A retrospective cohort study was undertaken at 5 tertiary aca
demic hospitals in Melbourne, Australia. Patients were eligible 
for inclusion if they were (1) immunocompromised [9], (2) re
ceived a course of antiviral therapy for persistent COVID-19 
between 1 January 2022 and 30 June 2023, and (3) had PCR re
sults available following therapy for persistent COVID-19. 
During this period Omicron was the dominant variant, emerg
ing in Australia in November 2021 and replacing Delta as the 
leading cause of COVID-19 infection in early 2022 [10, 11]. 
Subvariants BA.1 and BA.2 circulated in the first half of 2022, 
before the emergence of BA.4 and BA.5 in the second half of 
2022. Subvariant XBB was predominant in the first half of 2023.
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Persistent COVID-19 positivity was defined as either a pos
itive PCR result with a Ct value <30 or positive antigen lateral 
flow assay result ≥20 days after diagnosis. This corresponded to 
the timing and threshold used for clearance of immunocom
promised patients from respiratory isolation precautions at 
all institutions, based on local practice and international guide
lines [3, 12]. Treatment of persistent COVID-19 infection with 
a late course of antiviral agents was initiated by treating clini
cians under the supervision of local infectious diseases special
ists, for the perceived benefit to the patient of improving 
symptoms or clearing presumed persistent COVID-19 infec
tion. Selection of treatment agent and duration was at the dis
cretion of treating infectious diseases specialists.

SARS-CoV-2 Testing and Study Outcomes

SARS-CoV-2 RT-PCR testing was undertaken at the primary 
diagnostic laboratories for each site as part of routine clinical 
care. All laboratories used commercial SARS-CoV-2 PCR assays 
and were accredited for testing by Australia’s National 
Accreditation Testing Authority (www.nata.com.au). The pri
mary outcome of the study was the proportion of individuals 
with an indeterminate or negative PCR result or the first of 
≥2 positive sequential PCR results with a Ct value >30 within 
14 days of receipt of antiviral therapy for persistent 
COVID-19. Patients were excluded from outcome analysis if 
they died within 5 days after treatment initiation or did not 
have any further SARS-CoV-2 PCR testing after commence
ment of antiviral therapy.

Data and Ethics Management

Data were retrospectively extracted at each site after review of 
patient electronic medical records, pharmacy dispensing infor
mation systems, and laboratory information systems into a 
REDCap database. Statistical tests were undertaken using 
GraphPad Prism software (version 10.2.0).

Patient Consent Statement

This study was approved as a multisite protocol with a waiver of 
patient consent authorized by the Human Research Ethic 
Committee from the Royal Melbourne Hospital (no. 2022.236).

RESULTS

Over the study period, 26 patients were prescribed antivirals for 
persistent COVID-19 of which 22 patients had PCR results 
available for review (Table 1 and Supplementary Table 1). All 
patients had previously received ≥2 doses of a COVID-19 vac
cine (median and interquartile range [IQR], 3), and 86% (19 of 
22) had received early directed antiviral therapy for this episode 
of COVID-19 infection (within 5 days of symptom onset). A 
persistently positive COVID-19 status required adjustment to 
planned immunosuppressive therapy in almost half of cases 
(10 of 22 [46%]).

The antiviral therapy and duration selected by treating clini
cians for therapy >20 days of COVID-19 was diverse (Table 1
and Figure 1). Both monotherapy (n = 3) and dual therapy 
(n = 16) was used; 2 patients received sequential monotherapy, 
and 1 received dual antivirals followed by sequential use of a third 
agent. No patient received convalescent plasma therapy or addi
tional intravenous immunoglobulin specifically for COVID-19 
treatment. The median duration from initial COVID-19 
PCR/antigen lateral flow assay diagnosis to late/retreatment 
with antiviral agents was 35 days (IQR, 29–42 days).

Follow-up PCR results are presented in Figure 1. All follow- 
up samples except one (a bronchoalveolar wash sample) were 
combined deep nasal and oral swab samples. By day 14 after 
commencement of retreatment antiviral therapy, 41% (9 of 
2) had negative results or sequential Ct values >30. Of patients 
receiving dual therapy, 47% (8 of 17) achieved viral clearance 
at day 14, compared with none of those receiving single agents 
(0 of 3) and 1 of 2 receiving sequential therapy. For those re
ceiving dual agents who had PCR result available confirming 
clearance at any time (82% [14 of 17]), the median time to 
clearance (IQR) was 9 (5–25) days after the first day of antivi
ral therapy. For the 4 of 5 patients (80%) receiving either single 
agents or sequential monotherapy who achieved clearance at any 
time, the times to clearance were 7, 20, 42, and 46 days, respec
tively. At 14 days, for those receiving short-course antiviral 
therapy (≤5 days), 50% cleared infection (7 of 4), compared 
with 25% (2 of 8) of those receiving longer courses of therapy 
(>5 days). No adverse events were recorded for any participant.

DISCUSSION

Here we describe a contemporary cohort of vaccinated immu
nosuppressed patients who received treatment for persistent 
COVID-19 infection, the majority of whom received early di
rected COVID-19 antiviral therapy at diagnosis (88% [23 of 
26]), during a period with reduced efficacy of directed mono
clonal antibody therapy. We report a viral clearance rate of 
41% (9 of 2) in this cohort at 14 days from antiviral therapy, 
in comparison with other cohorts of similar size (>10 patients) 
who have reported success in 30% [13] and 70%–79% [14–16]. 
In addition to cause of immunosuppression, timing of testing, 
and treatment heterogeneity, other factors contributing to a 
lower clearance in this study may relate to (1) study bias toward 
cases with active SARS-CoV-2 replication rather than residual 
RNA shedding, due to inclusion of only those with Ct <30; (2) 
higher baseline viral loads in respiratory samples, as estimated 
by a median Ct value of 22, compared with other case series 
[14]; (3) a majority of case patients who had already received 
early direct antiviral therapy, compared with studies describing 
late antiviral therapy in a largely antiviral naive cohort [13–16]; 
and (4) lower use of directed monoclonal antibody therapy.
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In the next-largest cohort, Mikulska et al [16] report that par
ticipants who were antiviral naive at the time of late antiviral 
treatment (59.1% [13 of 22]) were more likely to respond to treat
ment than the cohort overall (100% [13 of 13] vs 75% [16 of 22]). 
Two case series with success at 14 days of 30% and 70%, including 
a majority of patients undergoing COVID-19 retreatment rather 
than late initial antiviral therapy, used a test of response approach 
[13, 15]. Antivirals were continued and escalated in a stepwise 
fashion (remdesivir [RDV] then nirmatrelvir/ritonavir [NIR/r] 
[15]) or using a variable sequential approach [13] until negative 
test results were returned. With this approach, response was 
achieved within 7–36 days for almost all patients.

Clinicians elected to treat the majority of patients in 
our study (73% [19 of 26]) with dual antiviral therapy. 
Theoretical benefits of dual therapy include enhanced viral 
clearance due to a synergistic viricidal activity and the minimi
zation of viral resistance development. Preclinical studies have 
demonstrated synergy between RDV and molnupiravir in ham
ster models, RDV and NIR/r in vitro, and NIR/r and molnupir
avir in mice and macaque models [17]. Multiple clinical reports 
describe the success of dual therapy with few adverse effects 
[16]; however, no head-to-head trials of single versus dual ther
apy are available. The numbers of patients who received single- 
agent or sequential therapy were too low in the present study 
for comparison, but among the few patients who received 
single-agent or sequential monotherapy the time to clearance 
was longer than for those receiving dual antiviral therapy (me
dian, 31 vs 9 days respectively). The duration of successful 
treatment has generally been reported as shorter in cohorts re
ceiving dual therapy [14, 16] than in those receiving sequential 
monotherapy [13, 15].

The current study is limited by its observational design, the 
nonuniform follow-up of cases, and the heterogeneity in both 

Table 1. Clinical Characteristics of 22 Patients Treated With Late or 
Retreatment Coronavirus Disease 2019 Antiviral Therapy for Persistently 
Polymerase Chain Reaction Positive Infection

Characteristic Patients, No. (%)a

Age, median (IQR), y 64 (54–74)

Male sex 15 (68.2)

Immunosuppression

Hematological conditionb,c 16 (72.7)

Renal SOT 2 (9.1)

Anti–CD-20 therapy (nonmalignant condition) 4 (18.2)

COVID-19 infection details at diagnosis

Results available within 48 h after COVID-19 diagnosis 18 (81.8)

Blood cell count, median (IQR), ×109/L

WBCs 4.5 (2.9–8.4)

Lymphocytes 0.65 (0.38–1.62)

Neutrophils 2.9 (1.6–4.5)

CRP, median (IQR), mg/L 19 (4–48)

Prior COVID-19 vaccine doses, median (IQR), no. 3 (3–3)

Prior tixagevimab-cilgavimab therapy 7 (31.8)

Hospital admission 15 (68.2)

ICU admission 6 (27.3)

COVID-19 therapy at diagnosis

MPV 3 (13.6)

NIR/r 7 (31.8)

RDV 8 (36.4)

MPV + RDV 1 (4.5)

Nil AV therapy 3 (13.6)

Steroid 8 (36.4)

Baracitinib 1 (4.5)

Tixagevimab-cilgavimab 1 (4.5)

COVID-19 infection details at late/retreatment AV use

Time from initial COVID-19 diagnosis, median (IQR), d 35 (29–42)

PCR Ct on d 1 of AV use, median (IQR) 22 (20–25)

Hospital admission 19 (8.64)

ICU admission 7 (31.8)

Change or delay to other immunosuppressive therapy   
due to COVID-19 status

10 (45.5)

COVID-19 severity at time of late/retreatment AV used

Asymptomatic 4 (18.2)

Mild/moderate 11 (50)

Severe/critical 7 (32.8)

Late/retreatment COVID-19 therapy

Single agent 3 (13.6)

MPV 1 (4.5)

NIR/r 0 (0)

RDV 2 (9.1)

Sequential single agents 2 (9.1)

Dual agents at any time 17 (77.3)

MPV + NIR/r 10 (45.5)

MPV + RDV 4 (18.2)

NIR/r + RDV 3 (13.6)

Steroid therapy 14 (63.6)

Baracitinib 6 (27.3)

Tocilizumab 0 (0)

Tixagevimab-cilgavimab 3 (13.6)

Negative PCR result or sequential Ct >30

At d 14 after late/retreatment AVs 9 (40.9)

Dual agents (n = 17) 8 (47.0)

Single or sequential agents (n = 5) 1 (20.0)

Table 1. Continued  

Characteristic Patients, No. (%)a

Short-total-duration therapy (n = 14) 7 (50.0)

Longer-total-duration therapy (n = 8) 2 (25.0)

At d 30 after late/retreatment AVs 15 (68.2)

Abbreviations: AV, antiviral; COVID-19, coronavirus disease 2019; CRP, C-reactive protein; 
Ct, cycle threshold; ICU, intensive care unit; IQR, interquartile range; MPV, molnupirivair; 
NIR/r, nirmatrelvir/ritonavir; PCR, polymerase chain reaction; RDV, remdesevir; SOT, solid 
organ transplant; WBCs, white blood cells.  
aData represent no. (%) of patients unless otherwise specified.  
bHematological conditions include lymphoma (n = 7), leukemia (n = 5), hematopoietic stem 
cell transplant (n = 3), and multiple myeloma (n = 1).  
cFive of 18 were also on anti–CD-20 therapy.  
dCOVID-19 severity was defined according to World Health Organization criteria (https://iris. 
who.int/bitstream/handle/10665/332196/WHO-2019-nCoV-clinical-2020.5-eng.pdf). Mild 
was defined as symptomatic without clinical signs of pneumonia; moderate, as oxygen 
saturation (SpO2) ≥90% at rest on room air with clinical signs of pneumonia (eg, fever, 
cough, or dyspnea); severe, as SpO2 <90% at rest on room air, respiratory rate 
>30 breaths/min, or severe respiratory distress; and critical, as (1) respiratory failure or 
adult respiratory distress syndrome requiring high-flow nasal oxygen or noninvasive 
ventilation/intubation or (2) sepsis/septic shock.
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the degree of immunosuppression and other host-related factors 
in this study cohort. The small numbers of patients preclude anal
ysis by type of immunosuppression or other subgroups. Although 
often used as a semiquantitative measure of viral load, Ct values 
are not as robust as viral culture or quantitative PCR for determin
ing active viral replication. Use of the Ct value of 30 was based on 
local clinical practice and international guidelines [3, 12], but this 
cutoff included some patients may not have had active COVID-19 
infection. Conversely, some “cleared” patients may have experi
enced viral replication, albeit at a lower level, given the rising Ct 
values over a number of tests. Lower respiratory tract specimens 
may give a better estimation of viral replication in patients with 
critical infection, but limited use of bronchoalveolar lavage meant 
that such samples were not available for testing or inclusion.

For outcome analysis it was necessary to define a time period 
for clearance (14 days), of which only 41% were able to achieve 
success. However, on review of the treatment response heat map 
(Figure 1), it can be seen that many of the case patients demon
strated rising Ct values after antiviral therapy but were not tested 
at designated time intervals that allowed them to be classified as 
cleared by day 14. This may have underestimated the effect of 
antivirals. Some asymptomatic or mildly symptomatic patients 
received antiviral therapy as their persistent COVID-19 infec
tious status (as defined locally) was affecting their clinical care. 
This situation may not be generalizable to other settings. The 
majority of our patients were cleared with a short course of ther
apy (50%); longer courses were associated with lower clearance 
rates (25%), suggesting that underlying patient specific factors 

Figure 1. Heat map reporting cycle threshold (Ct) values for real-time polymerase chain reaction (PCR) results for patients receiving a second course of antiviral therapy for 
persistent coronavirus disease 2019 (COVID-19) infection. Darker colors represent lower Ct values, suggestive of increased amounts of COVID-19 RNA present in samples; 
lighter colors represent higher Ct values or negative PCR results (N), suggestive of lower amounts of COVID-19 RNA present in samples; numbers in colored boxes reflect the 
Ct values for the tests, which are provided as a semiquantitative guide and are not directly comparable. Across the 4 health services the following assays were used during 
the study period: the coronavirus typing assay (AusDiagnostics), Xpert Xpress SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) (Cepheid), Alinity m SARS-CoV-2 
(Abbott), and Aptima SARS-CoV-2 Assay (Hologic). Numbers 1–22 represent the case numbers in Supplementary Table 1, which provides additional clinical information by 
case. Numbers in parentheses represent duration of treatment in days with each agent; numbers in square brackets represent the duration in days of COVID-19 infection from 
diagnosis to the time of treatment with a late/retreatment course of COVID-19 antiviral therapy. Abbreviations: MPV, molnupiravir (Lagevrio); NIR/r, nirmatrelvir/ritonavir 
(Paxlovid); RDV, remdesevir (Veklury); RLU, relative light units (output for the Hologic Panther SARS-CoV-2 assay, which are not comparable to Ct values).
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may have influenced the selection of treatment duration as well 
as clearance outcome. Nevertheless these data suggests that the 
extension of therapy beyond 5 days may not be routinely neces
sary. A reasonable approach may include a test of response at 
5 days, with the extension of therapy if predefined Ct criteria 
are not met.

The current study demonstrates a moderate response to di
rected antiviral therapy in immunocompromised hosts receiv
ing a retreatment course of antiviral therapy for persistently 
positive COVID-19 infection. The majority of patients received 
dual antiviral therapy of short duration. Future studies should 
focus on this high-risk subgroup, considering both the type and 
duration of antiviral agents. The low case rate means that a 
large multicenter randomized control trial will be needed.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond
ing author.
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