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Background. Nirmatrelvir/ritonavir, the first severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) protease
inhibitor, reduces the risk of hospitalization and death by coronavirus disease 2019 (COVID-19) but has been associated with
symptomatic rebound after therapy completion.

Methods. Six individuals with relapse of COVID-19 symptoms after treatment with nirmatrelvir/ritonavir, 2 individuals with
rebound symptoms without prior antiviral therapy and 7 patients with acute Omicron infection (controls) were studied. Soluble
biomarkers and serum SARS-CoV-2 nucleocapsid protein were measured. Nasal swabs positive for SARS-CoV-2 underwent viral
isolation and targeted viral sequencing. SARS-CoV-2 anti-spike, anti–receptor-binding domain, and anti-nucleocapsid antibodies
were measured. Surrogate viral neutralization tests against wild-type and Omicron spike protein, as well as T-cell stimulation
assays, were performed.

Results. High levels of SARS-CoV-2 anti-spike immunoglobulin G (IgG) antibodies were found in all participants. Anti-
nucleocapsid IgG and Omicron-specific neutralizing antibodies increased in patients with rebound. Robust SARS-CoV-2–specific
T-cell responses were observed, higher in rebound compared with early acute COVID-19 patients. Inflammatory markers mostly
decreased during rebound. Two patients sampled longitudinally demonstrated an increase in activated cytokine-producing CD4+

T cells against viral proteins. No characteristic resistance mutations were identified. SARS-CoV-2 was isolated by culture from 1
of 8 rebound patients; Polybrene addition increased this to 5 of 8.

Conclusions. Nirmatrelvir/ritonavir treatment does not impede adaptive immune responses to SARS-CoV-2. Clinical rebound
corresponds to development of a robust antibody andT-cell immune response, arguing against a high risk of disease progression. The
presence of infectious virus supports the need for isolation and assessment of longer treatment courses.

Clinical trials registration. NCT04401436.
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Nirmatrelvir-ritonavir (NMV-r) has been granted an emergen-
cy use authorization for treatment of early mild tomoderate co-
ronavirus disease 2019 (COVID-19) after demonstrating an
89% relative risk reduction of hospitalization or death in unvac-
cinatedpatients at high risk for severe disease, with an associated
decrease in nasopharyngeal viral load at day 5 [1, 2]. Some

patients who received NMV-r demonstrated a rise in viral
load between day 10 and day 14 [1], and clinical rebound after
completing NMV-r has now been reported [3]. The etiology
of this phenomenon remains unknown, though immune eva-
sion because of early viral suppression has been hypothesized
[4]. Additionally, the risk of severe disease, viral transmissibility,
and potential forNMV-r resistance remains unclear. To address
these questions, we performed detailed virologic and immuno-
logic evaluations of 8 patients with rebound COVID-19.

METHODS

Clinical Protocol

All participantswere evaluated at theNational Institutes ofHealth
(NIH) between December 2021 and May 2022 and were enrolled
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in the clinical protocol COVID-19–Associated Lymphopenia
Pathogenesis Study in Blood (NCT04401436) to evaluate adults
(aged ≥18 years) with a diagnosis of COVID-19 by a molecular
or other commercial assay or people who have recovered from
COVID-19. Participation includes clinical evaluation,
standard-of-care clinical management as indicated, laboratory
studies, and research blood collection for storage of peripheral
blood mononuclear cells (PBMCs), serum, and plasma.
Additionally, plasma samples were obtained from 7 (5 women
and 2 men) healthy volunteers with a median age of 59 years
(range, 45–66) on a separate NIH institutional review board–
approved protocol (NCT00001281) to provide a healthy control
comparison for the biomarker analysis. All sampleswere collected
1–24 days from symptom onset. Samples collected during re-
bound symptoms after completing NMV-r were designated as
the “rebound after NMV-r” group, the remainder of the samples
collected within 4 days of symptom onset were designated as the
“acute” group, and samples collected ≥8 days were referred to as
the “late” time point group. Twopatientswere seen for acute visits
and then later returned with rebound symptoms following
NMV-r (Supplementary Figure 1A and 1B). All participants in
both protocols provided written informed consent prior to any
study procedures in accordance with the Declaration of Helsinki.

Viral Sequencing and Culture

Initial detection and estimation of viral load by cycle
threshold (Ct values) were performed using the Hologic
Panther Fusion severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) assay. Viral RNA sequencing was performed
on SARS-CoV-2–positive nasal swab samples from acute and re-
bound patients as previously described [5] (see the Supplemental
Methods). Two acute patients and 1 rebound patient had high Ct
values, and virus could not be sequenced. Viral cultures were also
performed on each sample by adding them to individual flasks
containing Vero E6 cells expressing the transmembrane serine
protease, TMPRSS2 (VeroE6/TMPRSS2), obtained from the
Japanese Cell Culture Collection (Osaka, Japan). Inoculations
were performed as previously described [6]. The infected cells
were incubated at 37°C with 5% carbon dioxide in Dulbecco’s
minimum essential medium (DMEM) supplemented with 2%
heat-inactivated fetal bovine serum (HI-FBS) and observed daily
for cytopathic effects (CPEs). Upon observation of CPEs, the vi-
rus supernatant was harvested and sequenced. This culture tech-
nique was subsequently repeated with the addition of 5 µg/mL of
Polybrene (headimethrine bromide) to DMEM supplemented
with 2% HI-FBS. Finally, SARS-CoV-2 viral nucleocapsid pro-
tein levels were measured in serum using a single-molecule im-
mune bead assay (Quanterix; Billerica, MA) [7].

Serologic Assays

SARS-CoV-2 anti-spike (anti-S) and anti–receptor-binding do-
main (anti-RBD) antibody responses were analyzed with the

enzyme-linked immunosorbent assay (ELISA) using a previ-
ously validated technique [8]. In this study, a threshold of 3
standard deviations above the mean of the negative controls
for both the spike and RBDwas determined to have a specificity
of 100% for a positive result and therefore was considered the
threshold for positivity. Levels of immunoglobulin G (IgG),
IgM, and IgA were determined for anti-S and anti-RBD and
compared between the rebound cases and controls.
Anti-nucleocapsid antibodies were evaluated only for IgG
and IgM.
The GenScript cPass assay, a surrogate viral neutralization test

(sVNT) that has been shown to detect neutralizing antibodies
[9], was also performed to evaluate for the presence of anti-S
neutralizing antibodies against wild-type SARS-CoV-2 and the
Omicron variant. This assay measures anti-S antibody-mediated
inhibition of the interaction between the SARS-CoV-2 S–RBD
and the angiotensin-converting enzyme 2 receptor. The result
is reported as percent binding inhibition of this interaction
(see the Supplementary Methods). The results were interpreted
as positive if inhibition was ≥ 30%. For detection of neutralizing
antibodies to the BA.1 Omicron variant, the wild-type S–RBD
was replaced by the BA.1 S–RBD in the assay.

T-Cell Stimulation Assays

Frozen PBMCs were used to perform T-cell stimulation as-
says with SARS-CoV-2 wild-type and Omicron spike, nucle-
ocapsid, and membrane proteins. Two peptide pools were
used to measure spike-specific responses: spike pool A (pep-
tides 1–160; residues 1–651) and spike pool B (peptides
161–316; residues 641–1273); responses from the 2 pools
were summed to determine the response to full-length
spike. See the Supplementary Methods for assay details
and flow cytometry gating strategy in Supplementary
Figure 2.

Soluble Biomarkers

Plasma samples were used to measure biomarkers according to
the manufacturer’s instructions. Levels of interleukin 6 (IL-6),
IL-8, IL-10, IL-18, tumor necrosis factor α (TNF-α), interferon
γ (IFN-γ), and chemokine (C-X-C motif) ligand 10 (CXCL-10)
were quantified by electrochemiluminescence assays from
Meso Scale Discovery platforms (Gaithersburg, MD). Levels
of CXCL-9, soluble CD25 (sCD25), IL-18 binding protein
(BP), and sCD14 were quantified using ELISA kits from R&D
Systems (Minneapolis, MN).

Statistical Analyses

All statistical analyses were conducted using GraphPad Prism
(version 9) and R software (version 4.1.0).
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RESULTS

Eight patients with rebound COVID-19 symptoms (6 following
NMV-r, 2 without treatment) and 6 patients with
Omicron-variant COVID-19 without rebound were evaluated.
Two patients had samples collected during both their initial ill-
ness and when symptoms returned after completing NMV-r.
Based on when samples were collected during the illness course,
participants were subdivided into rebound afterNMV-r (n= 6),
acute (≤4 days, n= 7), and late (≥8 days, n= 3) groups
(Table 1, Supplementary Figure 1, Supplementary Table 1).
The 2 rebound patients who had no prior treatment were in-
cluded in the late group.

The SARS-CoV-2 polymerase chain reaction (PCR) test on
nasal swabs from all patients was positive, and no additional

pathogens were detected by BioFire FilmArray Respiratory

Panel 2.1. All participants were vaccinated and boosted, and

none received CYP3A4 inducers prior to NMV-r. None of the

patients received any other COVID-19 directed therapy, includ-

ing monoclonal antibody prophylaxis prior to sampling (except

patient 2; Supplementary Figure 1B). All patients were managed

in the outpatient setting for their entire disease course.
NMV-r was started between 1 and 4 days after initial symp-

tom onset in those who later developed rebound symptoms.
All rebound patients experienced significant symptomatic

Table 1. Patient Characteristics

Acute Late

Characteristic

Developed Rebound
Symptoms

(n=2)

No Rebound Symptom
Development

(n= 5)

Rebound After
NMV-r
(n=6)

Rebound Without
Treatment
(n=2)

No Rebound
Symptoms

(n= 1)

Gender

Male 1 (50%) 1 (20%) 3 (50%) 1 (50%) 0 (0%)

Female 1 (50%) 4 (80%) 3 (50%) 1 (50%) 1 (100%)

Age, years

Median [min, max] 39 [33, 45] 50 [49, 65] 42.5 [33, 74] 44.5 [35, 54] 23

Comorbidity

None 0 (0%) 1 (20%) 0 (0%) 2 (100%) 1 (100%)

Pulmonary 1 (50%) 1 (20%) 2 (33.3%) 0 (0%) 0 (0%)

Immunocompromised 1 (50%)a 1 (20%)b 2 (33.3%)c 0 (0%) 0 (0%)

Cardiac 0 (0%) 0 (0%) 2 (33.3%) 0 (0%) 0 (0%)

Other 0 (0%) 2 (40%)d 0 (0%) 0 (0%) 0 (0%)

Days from initial symptom onset to visit

Median [min, max] 3.5 [3, 4]e 3 [1, 3] 16 [11, 17]f 19 [14, 24] 8

Initial symptoms

Upper respiratory only 0 (0%) 2 (40%) 2 (33.3%) 1 (50%) 0 (0%)

Upper and lower respiratory 1 (50%) 1 (20%) 1 (16.7%) 0 (0%) 1 (100%)

Upper respiratory and constitutional 1 (50%) 1 (20%) 3 (50%) 1 (50%) 0 (0%)

Upper respiratory, lower respiratory,
and constitutional

0 (0%) 1 (20%) 0 (0%) 0 (0%) 0 (0%)

Receipt of NMV-r

Recipients 2 (100%) 2 (40%) 6 (100%) 0 (0%) 0 (0%)

Nonrecipients 0 (0%) 2 (40%) 0 (0%) 2 (100%) 1 (100%)

Day of illness NMV-r started

Median [min, max] 2.5 [2, 3] 2.5 [2, 3] 2.5 [1, 4] NA NA

Day of illness symptoms returned

Median [min, max] 13 [11, 15] NA 12.5 [11, 15] 14.5 [9, 20] NA

Number of days symptoms returned after completing NMV-r

Median [min, max] 6 [4, 8] NA 6.5 [3, 9] NA NA

Four rebound patients repeated rapid antigen tests after initial symptom resolution. Three became negative and the fourth becameweakly positive. All 4 became positive again when rebound
symptoms returned.

Abbreviations: NA, not applicable; NMV-r, nirmatrelvir-ritonavir.
aAnkylosing spondylitis on golimumab.
bIdiopathic thrombocytopenic purpura status post-splenectomy.
cMultiple sclerosis on natalizumab; Ankylosing spondylitis on golimumab.
dPrimary biliary cirrhosis and obesity; epithelioid hemangioendothelioma and hypothyroidism.
ePatients 1 and 2 were seen for acute visits 3 and 4 days from initial symptom onset, respectively.
fPatients 1 and 2 were again seen 16 days and 11 days from initial symptom onset, respectively.
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improvement prior to worsening. Five rebound patients repeat-
ed rapid antigen tests (RATs) after initial symptom resolution;
4 became negative and the fifth became weakly positive.
Median time to symptom recurrence in the rebound after
NMV-r group was 12.5 days after initial symptom onset and
6.5 days after completing NMV-r. During rebound after
NMV-r, 4 patients reported milder symptoms than for their
initial illness, 1 reported worse symptoms, and 1 reported sim-
ilar symptom severity (Supplementary Table 2). No rebound
patients required additional treatment or hospitalization.

The median C-reactive protein (CRP) level was lower at time
of rebound than during acute COVID-19, whereas neutrophil
and lymphocyte counts and SARS-CoV-2 PCR Ct values
were similar across groups (Figure 1A–D) with low or unde-
tectable serum nucleocapsid antigen levels during rebound
(Figure 1E).

All patients had Omicron BA.2 infections except for 1
acute and 1 rebound without NMV-r who were infected
with the BA.5 subvariant. Infectious replication-competent
SARS-CoV-2 was isolated from the nasal swabs of 6 of 7 acute
controls with the only negative culture from longitudinal pa-
tient 2 (triangle data points in Figure 1, Figures 3–5, and
Supplementary Figures 5–7) who had started NMV-r the
day before. Comparatively, only 1 of 8 rebound patients (pa-
tient 1—diamond data points in Figure 1, Figures 3–5, and
Supplementary Figures 5–7) was culture-positive. Positive
culture was not always associated with low cycle threshold
and/or high serum nucleocapsid antigen (Supplementary
Figure 3). In a recent report, viral growth was observed in
samples from 3 of 7 rebound patients after NMV-r [10]; how-
ever, viral culture media was supplemented with Polybrene,
which can increase virus adsorption by target cells by approx-
imately 10-fold [11]. We repeated viral cultures in our cohort
using Polybrene and identified positive cultures in 5 of 8

rebound patients, including 4 of 6 who had rebound after
NMV-r, supporting the greater sensitivity of this culture
technique.
SARS-CoV-2 RNA sequencing was successfully performed

on 5 patients with rebound COVID-19 after NMV-r and 4
acute controls. Due to low viral load, sequencing could not
be performed for 1 rebound patient and the acute sample
from longitudinal patient 2 (sampled while on NMV-r). No
mutations associated with NMV resistance were detected.
Sequences were compared to the Wuhan/Hu-1 strain
(GenBank MN908947.3; Supplementary Figure 4) and the
Omicron BA.2 strain (EPI_ISL_7190366; Figure 2A), but no
specific mutations could differentiate the acute group from
the rebound group. A full list of consensus changes and minor-
ity variants compared with the BA.2 reference is provided in
Supplementary Table 3. Longitudinal evaluation of patient 1
from acute to rebound time point did not identify any changes
to suggest within-host evolution (Figure 2B). Sequencing of
cultured virus mapped to the same pangolin lineage as the clin-
ical samples, suggesting that few or no notable mutations arose
during the culture process.
Anti-S and anti-RBD IgG antibodies were at high levels in

both groups (Figure 3A–E), consistent with prior vaccination.
Anti-nucleocapsid IgG antibodies were absent in acute disease,
detectable in 3 of 5 tested with rebound after NMV-r treatment
and in 1 patient with rebound without prior treatment
(Figure 1C). Significant variation was found in the IgM and
IgA responses (Supplementary Figure 5A–E). sVNT [9] assays
showed high levels of wild-type spike neutralizing antibodies in
all patients; however, the percent binding inhibition was nota-
bly lower to Omicron spike protein, especially in the acute co-
hort (Figure 3D–E). More rebound patients had detectable
neutralizing antibodies against Omicron spike that inversely
correlated with serum antigen, although this relationship was

Figure 1. Comparison of clinical laboratory and virologic measurements across the groups. Lines represent median and points represent individual results. The 2 longi-
tudinal patients are identified by an open triangle and open diamond, respectively. The open square represents the coronavirus disease 2019 (COVID-19) rebound patients
who did not receive nirmatrelvir-ritonavir. Clinical values for C-reactive protein (A), absolute neutrophil count (B), and absolute lymphocyte count (C) across the acute, re-
bound, and late presenting COVID-19 cohorts. Severe acute respiratory syndrome coronavirus 2 cycle threshold from nasal swab samples (D) and serum nucleocapsid Ag (E).
Cycle threshold was not available at rebound time point for longitudinal patient 1 (diamond) as it was run on a BioFire platform. Abbreviation: Ag, antigen.
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less apparent in the 2 patients with the Omicron BA.5 subvar-
iant (Figure 3E, Supplementary Figure 5F).

CD4 and CD8 T-cell counts increased in rebound cases com-
pared with acute disease (Figure 4A–B). T-cell stimulation as-
says showed robust T-cell responses against the wild-type
spike protein with higher levels of antigen-specific, cytokine-
producing CD4+ T cells in those with rebound symptoms or
late presentation (Figure 4C–D). Stimulations with Omicron
spike protein produced similar results with a high correlation
(r> 0.94) between the assays, which is consistent with a prior re-
port [12] (Supplementary Figure 6). SARS-CoV-2–specific
CD4+ T cells showed greater proliferation (Ki-67+) and

activation (PD-1+) at rebound compared with acute presenta-
tions. These findings were even more prominent with nucleo-
capsid and membrane protein T-cell stimulations (Figure 4E–
F). No notable difference was found across memory T-cell phe-
notypes (central, effector, terminal effector; Supplementary
Figure 7A–C). Activated, cytokine-producing CD8+ T-cell re-
sponses wereminimal across all groups, and there was no differ-
ence in CD4+ T-cell polyfunctional cytokine responses
(Supplementary Figure 7D–E).
Two rebound patients were evaluated longitudinally

(Supplementary Table 4). Both were evaluated and started
NMV-r within 3 days of symptom onset, had symptom

Figure 2. Viral sequencing of severe acute respiratory syndrome coronavirus 2 isolated from acute and rebound groups compared with Omicron BA.2 subvariant. A,
Nucleotide mutations in the sequenced isolates from the acute and rebound groups compared with Omicron BA.2 subvariant. Vertical dashes for each isolate correspond
to changes from the Omicron BA.2 subvariant. Zoomed images of the nsp5 region and the spike region are shown from isolates from the acute group (HES-CS-9, HES-CS-154,
HES-CS-124, and HES-CS-151-1) and rebound group (HES-CS-144-2, HES-CS-147, HES-CS-140, HES-CS-150, and HES-CS-151-2) with specific mutations labeled. B, Long-
itudinal sequencing data for patient 1. Abbreviations: aa, amino acid; nt, nucleotide.
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resolution and negative RATs after completing NMV-r, and
had symptom return and positive RATs 8 and 5 days after com-
pleting NMV-r, respectively. During rebound, both exhibited
significant drops in CRP and serum nucleocapsid antigen
(Figure 4G–H) with concomitant increases in neutralizing an-
tibodies and SARS-CoV-2–specific, cytokine-producing
(IFN-γ, TNF-α) CD4+ T cells (Figure 4I–J).

We also assessed a spectrum of innate and adaptive immune
markers. Innate markers such as IL-6, IL-8, and CXCL10 that
are known to be associated with severe COVID-19 [13] were
downtrending at rebound, whereasmarkers of adaptive immuni-
ty andT-cell activation such as IFN-γ and solubleCD25were sta-
ble or increasing (Figure 5A–B). These biomarkers were
incorporated into a comprehensive heat map summarizing clin-
ical, virologic, and immunologic data.Unsupervised, hierarchical
clustering identified the rebound COVID-19 patients clustered
separately from the acute patients. This differencewas driven pri-
marily by the lower acute inflammatory markers and increased
adaptive immune responses in the rebound cohort (Figure 5C).

DISCUSSION

NMV-r has been a long-awaited addition to the COVID-19
therapeutic armamentarium, providing an outpatient oral
medication that can significantly improve disease prognosis in
high-risk patients. Cases of clinical rebound after NMV-r
reported recently have raised concerns about clinical deteriora-
tion and interference of early antiviral administration with the
development of adaptive immune responses. The licensing trial
did not identify significant differences in rebound incidence
among NMV-r recipients vs placebo, although vaccinated pa-
tients were not included and the trial occurred during the
Delta wave [2]. In contrast, NMV-r is now widely used for

breakthrough infections by the Omicron variant, which may
impact the incidence of clinical rebound. Although retrospec-
tive studies have suggested a low incidence [14], prospective ep-
idemiologic studies will be required tomore accuratelymeasure
the incidence and risk factors for reboundCOVID-19 and com-
pare them in those treated vs not treated with NMV-r.
In our case series of 6 patients with rebound COVID-19 symp-

toms after completingNMV-r and 2 patients with rebound symp-
toms without prior antiviral therapy, none of the patients
developed severe symptoms or required additional therapy.
High levels of SARS-CoV-2 anti-S IgG antibodies were found in
all patients, consistent with prior vaccination. Anti-nucleocapsid
IgG and Omicron-specific neutralizing antibodies were increased
in patients with rebound symptoms. The development of steriliz-
ing humoral immunity has been previously reported to occur be-
tween 2 and 3 weeks post-infection in a pre-vaccine and
pre-Omicron era cohort [15]. As the median time from symptom
onset to sample collection in our cohort was 16 days, we found no
evidence of delayed development of sterilizing humoral immunity
by this time line.
These findings are consistent with those from a report that

showed higher virus neutralizing antibodies in a patient ex-
periencing rebound symptoms after NMV-r compared with
an uninfected, vaccinated, and boosted control [16].
Additionally, we detected robust cytokine-producing, prolif-
erating, activated SARS-CoV-2–specific T-cell responses that
were greater than those with acute COVID-19, along with ris-
ing T-cell counts in rebound patients. Two patients with lon-
gitudinal sampling demonstrated an increase in both
antibody and cellular immune responses during rebound
compared with their acute presentation. These findings argue
against the hypothesis that impaired humoral and cellular
immune responses lead to symptomatic rebound.

Figure 3. Comparison of antibody level measurements across the groups. Antibody levels by enzyme-linked immunosorbent assay (ELISA) against the spike protein (A),
spike–receptor binding domain (RBD) (B), and the nucleocapsid protein (C) presented as OD. ELISA data not available for longitudinal patient 1 (diamond), 1 acute patient, and
1 rebound without nirmatrelvir-ritonavir patient (square). sVNT to detect neutralizing antibodies against the wild-type (D) and Omicron (E) spike protein presented as percent
binding inhibition. Dotted lines represent the cutoff for a positive result for the antibody tests (A–C). Mann–Whitney test was used to derive P values comparing the acute and
rebound coronavirus disease 2019 cohorts. Abbreviations: Ig, immunoglobulin; OD, optical density; RBD, receptor-binding domain; sVNT, surrogate viral neutralization test.
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Resistance mutations were not identified at COVID-19 re-
bound, consistent with prior studies [3, 10, 16]. Interestingly,
SARS-CoV-2 was isolated from culture in 1 of 8 patients with
rebound compared with 6 of 7 acute controls. Although a re-
cent report identified virus growth in samples from 3 of 7 re-
bound patients after NMV-r [10], Polybrene, which can
increase virus adsorption to host cells, was used [11], and
it is unclear if this is more reflective of clinical transmission
potential of the virus. In our repeat virus cultures using
Polybrene, 5 of 8 rebound patients were positive, highlighting
this important difference in culture sensitivity. Further study
is required to determine which technique most accurately

predicts transmissibility as this is an important epidemiological
point. Additionally, this raises the question of whether longer
treatment could reduce the incidence of rebound symptoms.
The rebound patient with culturable SARS-CoV-2 without
Polybrene had underlying immunosuppression, making this is-
sue particularly important for immunocompromised popula-
tions. The virus was isolated from the nasal swab while the
serum nucleocapsid antigen was negative at rebound, and
both antibodies and T-cell responses were higher than during
acute infection, suggesting a more localized viral reactivation.
However, this may not be the case in patients unable to mount
a successful adaptive immune response.

Figure 4. Comparison of CD4+ T-cell responses across the groups and longitudinal immune responses of the 2 patients with sampling at acute and rebound time points.
Absolute T-cell counts compared across groups (A, B). Lines represent median values and points represent individual results. The 2 longitudinal patients are identified by an
open triangle and open diamond. The empty square represents the coronavirus disease 2019 rebound patient who did not receive nirmatrelvir-ritonavir. T-cell subset flow
cytometry data not available for longitudinal patient 2 (triangle) at rebound time point. T-cell stimulations were performed with peptide pools corresponding to spike, nu-
cleocapsid, and membrane proteins as listed on the x-axis. Bars represent medians and groups are defined as acute, rebound, and late presentations. Severe acute respiratory
syndrome coronavirus 2–specific CD4 T-cell responses are highlighted by memory (C), cytokine-producing (CD154 + IFN-γ+, CD154 + TNF-α+ or CD154 + IL-2+) (D), activated
(CD154 + CD69+) (E), or Ag-specific proliferating (Ki-67+) and activated (PD-1+) T cells (F). For phenotyping of Ki-67 + and PD-1+ cells, a threshold of at least 20 events and a
2-fold increase over unstimulated cells was used, and samples were excluded if they did not meet these thresholds (E, F). Serum N Ag and C-reactive protein trends from the 2
longitudinal patients (G, H). T-cell responses and neutralizing antibodies from the acute and rebound presentation for 2 patients with longitudinal samples (I, J). T-cell re-
sponses are from S and N stimulations. Ag-specific CD4 T cells defined by (CD154 + CD69+, CD154 + IFN-γ+ and CD154 + TNF-α+), and neutralizing antibodies represented by
percent binding inhibition on the sVNT. Abbreviations: Ag, antigen; S, spike; N, nucleocapsid; spec, specific; sVNT, surrogate virus neutralization test.
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Our findings of lower levels of serum nucleocapsid antigen
and downtrending innate immune markers in rebound
COVID-19 with an emerging adaptive immune response do
not support a role of uncontrolled viral replication in driving
inflammation or a significant risk for impending disease pro-
gression. Severe COVID-19 is characterized by myeloid cell ac-
tivation and rises in innate biomarkers in the presence of
mostly ineffective T-cell responses. In our cases, increases in
both total and virus-specific T lymphocytes, biomarkers of
T-cell activation, and rising antibodies suggest that the rebound
symptoms may in fact be partially driven by the emerging
immune response against residual viral antigens throughout
the respiratory tract, which may be more clinically evident
after use of potent antiviral treatment with quick clinical
improvement [17]. Unsupervised clustering analysis of our

comprehensive dataset revealed a distinct separation of the re-
bound COVID-19 patients from those with acute infection,
highlighting the unique viro-immunologic profile of this re-
bound population. The time course of 2 weeks correlates
with emergence of antibody-mediated cytotoxicity and with tis-
sue repair, which can both cause release of virus from previous-
ly infected cells [17–19]. As dying cells shed antigen, this could
lead to return of antigen positivity, and the developing adaptive
immune response may drive the recurrence of symptoms. This
could be more prominent in vaccinated people and could occur
in both the presence and absence of NMV-r, though it may be
more noticeable in patients taking NMV-r given the rapid clin-
ical improvement many patients experience, whereas those not
taking NMV-r may have prolonged symptoms that coalesce
into this phase of the illness.

Figure 5. Innate and adaptive biomarkers across study groups compared with healthy controls and heat map of data from study participants. Lines represent medians and
points represent individual results across the acute, rebound, and late presentation coronavirus disease 2019 (COVID-19) clinical groups compared with healthy control pop-
ulation (HC). Healthy controls consisted of 5 women and 2 men with a median age of 59 years (range, 45–66). These samples were unmatched and are included to provide a
baseline range for these biomarkers in an otherwise healthy population. The 2 longitudinal COVID-19 rebound patients are identified by an open diamond (patient 1) and open
triangle (patient 2). The open square represents the COVID-19 rebound patient who did not receive nirmatrelvir-ritonavir (NMV-r). A, Innate biomarkers (IL-6, IL-8, TNF-α,
CXCL-10, sCD14, and IL-18BP) classically increased in acute COVID-19 are downtrending at time of rebound. B, Adaptive biomarkers representing T-cell activation (IFN-
γ, CXCL-9, sCD25) were stable or increasing at rebound consistent with a developing T-cell response. C, Comprehensive heat map with unsupervised clustering of variables
including clinical laboratory tests, virologic measurements, biomarkers, and profiling of adaptive responses identified that all patients with rebound COVID-19 after NMV-r
form a unique cluster distinct from those with acute infection. The late presenting patient and rebound patient without NMV-r cluster with the other rebound COVID-19
patients. Analysis performed in R using the pheatmap package. One patient with acute COVID-19 and 1 rebound patient without NMV-r (both with BA.5) were
excluded from the heat map due to missing biomarker data. Abbreviations: CXCL-10, chemokine (C-X-C motif) ligand 10; HC, healthy controls; IFN-γ, interferon γ; IL, interleukin;
IL-18BP, interleukin 18 binding protein; sCD25, soluble CD25; TNF-α, tumor necrosis factor α.
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Our study has a few important limitations. Although we
demonstrated differences in Omicron-specific neutralizing an-
tibody levels between the groups that negatively correlated with
SARS-CoV-2 antigenemia, we did not evaluate the functional
activity of these antibodies. Recently, Fc-gamma receptor–
mediated phagocytosis and activation of complement has
been found to correlate with humoral immune protection
[20], and further evaluation of these mechanisms in rebound
COVID-19 should be pursued in future studies. Our sample
size for each group was small, in particular, the late group, as
patients who were 8–15 days from symptom onset and not ex-
hibiting rebound symptoms were not actively recruited in this
protocol. Moving forward, it will be important to recruit pa-
tients at this time point to evaluate immune responses of pa-
tients experiencing rebound after NMV-r and compare these
to individuals with or without rebound symptoms in the ab-
sence of NMV-r. Additionally, longitudinal data were only
available for 2 patients. Despite this limitation, it is worth not-
ing that the within-person trends between their acute and re-
bound visits mirror the cross-sectional findings.

In conclusion, this case series provides important insights
into the pathophysiology of rebound COVID-19 after
NMV-r. None of our patients developed severe disease at re-
bound, and adaptive immunity against SARS-CoV-2 appeared
intact. Our findings suggest that a more robust immune re-
sponse rather than uncontrolled viral replication characterizes
these clinical rebounds. Special consideration should be given
for immunocompromised patients who cannot rely on adaptive
immune responses and therefore may require prolonged or ad-
ditional therapies. Further detailed evaluation in larger cohorts
is required to assess the incidence, clinical, and, importantly,
epidemiologic implications of rebound COVID-19.
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