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Abstract

Background The prognosis of immunocompromised individuals with COVID-19 remains a significant concern. Infor-
mation regarding the clinical and virological characteristics of immunocompromised patients infected with SARS-
CoV-2 during the Omicron variant period is limited.

Methods Medical records of patients admitted to our hospital with COVID-19 during the Omicron (BA.1-5) epidemic
were retrospectively reviewed. Clinical, virological (nasopharyngeal swabs and blood), and serological data were com-
pared between immunocompromised patients receiving immunosuppressive medications (calcineurin inhibitors,
mycophenolate mofetil, or steroids) and control patients not receiving immunosuppressive medications.

Results Twenty-eight immunocompromised patients (25 transplant recipients) and 26 control patients were
included. Fourteen of the immunocompromised patients (50%) received monoclonal antibodies. The immunocom-
promised group included 15 mild/moderate (53.6%), 10 severe (35.7%), and three critical (10.7%) disease severities.
The mortality rate due to COVID-19 during hospitalization was 3.6% (1/28) in the immunocompromised group,
with no difference between the two groups. Three cases of re-exacerbation after discharge occurred in the immu-
nocompromised group and none in the control group. Linear regression based on nasopharyngeal real-time-PCR
cycle threshold (Ct) values according to the time since symptom onset showed markedly slower viral clearance

in the immunocompromised group than in the control group (P, =0.078). In the immunocompromised group,
patients who received monoclonal antibodies showed faster viral clearance than those who did not receive mono-
clonal antibodies. The convalescent anti-spike IgG titers were comparable to those in the control group in patients
who received monoclonal antibodies and significantly lower than those in the control patients in patients who

did not receive monoclonal antibodies (P<0.001). The prevalence of viremia at onset was significantly higher

in the immunocompromised group than in the control group (35.7%, [10/28] vs. 11.5%, [3/26]; P=0.003). All three
patients with critical disease severity in the immunocompromised group exhibited viremia, one of whom died. Al
three patients with viremia in the control group were critical, of whom two died.
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Conclusions Immunocompromised individuals receiving immunosuppressive medications are more likely to show
delayed post-infection SARS-CoV-2 viral clearance and the development of viremia, potentially resulting in worsening
severity and outcomes, especially in viremic patients, even during the Omicron epidemic.

Keywords COVID-19, SARS-CoV-2, Immunocompromised patients, Immunosuppressive medications, Viremia,
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Background Methods
The coronavirus disease 2019 (COVID-19) pandemic, Patients

caused by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) was of concern due to its high
mortality rate in immunocompromised patients [1-3].
Some studies reported a prolonged period of viral shed-
ding of up to 70 days in immunocompromised patients
[4, 5]. Since the end of 2021, Omicron variant lineages
have been circulating worldwide. The association of
Omicron variant infection with shorter symptom dura-
tion, lower severity, and lower hospitalization rates has
been reported in the general population [6—8]. Regard-
ing immunocompromised patients infected with SARS-
CoV-2 after the Omicron wave, the mortality rate in
those with hematologic malignancies has been reported
to be approximately 8% [9], whereas a few studies on
other immunocompromised patients infected with the
Omicron variant reported lower mortality rates [10,
11]. However, limited information is available on the
clinical and virological characteristics, and prognosis of
immunocompromised patients infected with the Omi-
cron variant.

In this study, we collected information on immuno-
compromised patients with COVID-19 admitted to our
hospital after the Omicron wave, which started in Janu-
ary 2022 in Japan. Previous studies on the features of
immunocompromised patients with COVID-19 seemed
to be unclear regarding the definition of immuno-
compromised status, and most of the studies focused
on patients with various conditions, including cancer
and those receiving antitumor or immunosuppres-
sive drugs [9-11]. Therefore, in this study, we defined
immunocompromised patients as those receiving
immunosuppressive medications to clarify their immu-
nocompromised status. These patients are classified as
moderately or severely immunocompromised in the US
National Institute of Health (NIH) criteria [12]. In addi-
tion, we collected data on patients who did not receive
immunosuppressive agents and were hospitalized dur-
ing the same period, as a control group. We collected
not only clinical data, such as background, severity,
and outcome, but also virological data, including naso-
pharyngeal and serum viral loads, and serological data
on antibody titers. These data were compared between
the immunocompromised and control groups.

This was a retrospective clinical and virological evalua-
tion of immunocompromised patients with SARS-CoV-2
infection. Patients with COVID-19 admitted to Kyushu
University Hospital in Japan from January to October
2022 during the Omicron (BA.1-5) epidemic period
[13] were included, and those with at least one naso-
pharyngeal real-time PCR (RT-PCR) cycle threshold (Ct)
value obtained during hospitalization were selected. In
this study, patients who had received immunosuppres-
sive medications (calcineurin inhibitors, mycophenolate
mofetil, or steroids) at the time of admission and those
not receiving immunosuppressive medications were
defined as the immunocompromised and control groups,
respectively. In the immunocompromised group, the
transplant recipients received standard doses of their
immunosuppressive drugs that were administered after
transplantation, and the remaining patients received
NIH-defined steroid doses (>20 mg/day) that potentially
satisfied the immunosuppressive status.

Data collection

Patient information and laboratory test results, includ-
ing nasopharyngeal SARS-CoV-2 RT-PCR Ct values,
were collected from medical records. All records and
tests were physician dependent. ‘Days after symptom
onset’ in this study was based on the number of days
from symptom onset at the time of admission, which was
recorded by physicians. The severity of COVID-19 was
defined based on the US NIH criteria [14]. ‘Mild/mod-
erate’ was defined as SpO,>94%, ‘severe’ was defined
as Sp0O,<94%, and ‘critical’ was defined as requiring
mechanical ventilation.

RT-PCR

Two quantitative RT-PCR methods were used for the
detection of SARS-CoV-2 in nasopharyngeal swab speci-
mens: the cobas 6800 system (Roche Molecular Diagnos-
tics, Pleasanton, CA, USA) targeting the E and ORF 1a/b
genes, and the GeneXpert system (Cepheid, Sunnyvale,
CA, USA) targeting the E and N genes. Samples with a
Ct value of 40 or higher were considered negative (no
amplification) for SARS-CoV-2 RNA and were treated as
a result of a Ct value of 40 [15-17].
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Qualitative RT-PCR detection of SARS-CoV-2 was
performed using serum samples obtained at the time of
admission for other biochemical tests. Amplification of
the N gene in serum was performed using the amplifica-
tion conditions described in the Centers for Disease Con-
trol and Prevention (CDC) 2019-Novel Coronavirus EUA
protocol [18]. Viremia was defined as positive when at
least one of the N1, N2, or N3 genes was detected.

Serological testing

Serum samples obtained within 6 days of symptom onset
and 7 or more days after symptom onset were used as
early and convalescent samples, respectively. Serologi-
cal testing was performed using the serum samples. The
quantitative levels of IgG antibodies for the spike (recep-
tor-binding domain [RBD]) antigen of SARS-CoV-2 were
examined using Abbott Architect immunoassays (SARS-
CoV-2 IgG II Quant, Abbott, Park, IL, USA) according to
the manufacturer’s protocol.

Statistical analysis

Categorical variables were analyzed using the Chi-
squared test or Fisher’s exact test. Continuous vari-
ables were compared using the Wilcoxon signed-rank
test. Spearman’s rank correlation coefficient and linear
regression analysis were used to analyze the correlation
between SARS-CoV-2 RT-PCR Ct values and the number
of days since symptom onset. For these analyses, one Ct
value was randomly selected for each patient when mul-
tiple values were obtained. The linear regression analy-
sis used Ct values as the outcome variable and included
the following three explanatory variables: the number of
days from symptom onset to sample collection, receiving
immunosuppressive medications, monoclonal antibody
therapy, or viremia; and an interaction term between
the number of days from symptom onset and immuno-
compromised status, monoclonal antibody therapy, or
viremia. The slope values were calculated using linear
regression analysis. Two- sided P values of<0.05 were
considered statistically significant. All statistical analy-
ses were performed using SPSS version 27.0 (IBM Corp.,
Armonk, NY, USA).

Results

Clinical characteristics and outcomes

of immunocompromised patients

The demographics and clinical characteristics of the
entire patient cohort are shown in Table 1. Of the 28
patients in the immunocompromised group, 25 (89.2%)
were transplant recipients, including 15 kidney, 4 liver, 3
heart, 2 multiorgan, and 1 allogeneic hematopoietic stem
cell transplant recipients. In the immunocompromised
group, 25 patients (89.2%) received calcineurin inhibitors
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and steroids, and all immunocompromised patients
received multiple immunosuppressive drugs. Dose
adjustments for immunosuppressive drugs after COVID-
19 were conducted only for mycophenolate mofetil,
excluding calcineurin inhibitors and steroids. Of the 18
patients treated with mycophenolate mofetil, 10 (55.6%)
and 7 (38.9%) received dose reduction and cessation,
respectively. There were no significant differences in the
vaccination history between the immunocompromised
and control groups. Regarding COVID-19 treatment, 14
patients (50%) in the immunocompromised group and
none in the control group received monoclonal antibody
therapy (sotrovimab or casirivimab/imdevimab). There
were no significant differences in the use of remdesivir
between the immunocompromised and control groups
(75.0%, [21/28] vs. 57.7% [15/26], P=0.25).

The immunocompromised group included 15 mild/
moderate (53.6%), 10 severe (35.7%), 3 critical (10.7%)
diseases in the severity of COVID-19. There was no dif-
ference in the severity between the immunocompro-
mised and control groups. The mortality rate due to
COVID-19 during hospitalization was 3.6% (1/28) in
the immunocompromised group, with no significant dif-
ference between the two groups. Three patients (10.7%)
in the immunocompromised group were readmitted
because of symptom exacerbation, with no readmission
in the control group (Supplementary Table 1). The Ct
values on admission and readmission were 14.3 on day 3
and 20.0 on day12 in Patient 1, 16.6 on day 2 and 24.0 on
day20 in Patient 2, and 18.0 on day 1 and 25.0 on day15 in
Patient 3. All three patients showed rapid improvement
after readmission, with no symptom exacerbation after
the second discharge.

Dynamics of SARS-CoV-2 RT-PCR Ct values and anti-spike
antibody levels in immunocompromised patients

Changes in SARS-CoV-2 RT-PCR Ct values after symp-
tom onset were compared between the two groups
(Fig. 1A). The correlation between the Ct values and
the number of days since symptom onset was signifi-
cant for each group based on the linear regression line
(r=0.705, P<0.001 in the immunocompromised group;
r=0.765, P<0.001 in the control group). The slope of
the linear regression line was markedly lower in the
immunocompromised group than in the control group
(0.37 vs, 0.75; interaction (B): —0.307, 95% confidence
interval (CI):—0.796 to 0.043; P=0.078), suggesting
that the immunocompromised group showed a slower
rate of viral clearance in the nasopharynx than the con-
trol group. The effects of monoclonal antibody therapy
on Ct values were evaluated in the immunocompro-
mised group (Fig. 1B). The slopes in the patients receiv-
ing and not receiving antibody therapies were 0.65 and
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Table 1 Demographic and clinical characteristics in control and immunocompromised patients
Characteristic control (n=26) immunocompromised (n=28) Pvalue
Age, mean years (range) 535 (24-94) 550 (19-74) 0.591
Gender, male 16 (61.5) 12 (42.9) 0.17
Type of transplantation
Kidney N/A 15 (53.6) N/A
Liver N/A 4(14.3) N/A
Heart N/A 3(10.7) N/A
Multiorgan (kidney and pancreas) N/A 2(7.0) N/A
Hematologic stem cell N/A 1(3.6) N/A
Immunosuppressive medication
Calcineurin inhibitor N/A 26 (92.9) N/A
Mycophenolate mofetil N/A 18 (64.3) N/A
Steroids (Prednisolone or Methylprednisolone) N/A 26 (92.9) N/A
Calcineurin inhibitor + Mycophenolate mofetil + Steroids N/A 16 (57.1) N/A
Calcineurin inhibitor + Mycophenolate mofetil N/A 1(3.6) N/A
Calcineurin inhibitor + Steroids N/A 9(32.1) N/A
Chronic underlying disease
Diabetes mellitus 2(7.7) 18 (64.3) <0.001
Hypertension 7(26.9) 21 (75.0) <0.001
Renal disease 3(11.5) 5(17.9) 0.396
Cardiac disease 3(11.5) 4(14.3) 0.543
Chronic pulmonary disease 2(7.7) 2(7.1) 0.666
Liver disease 2(7.7) 2(7.1) 0.666
Collagen disease 0(0.0) 2(7.1) 0.264
Hematologic malignancy 0(0.0) 1(3.6) 0.519
Solid cancer 1(3.8) 0(0.0) 0481
Vaccination
no vaccination 4(154) 4(143) 0.604
1 dose 0(0.0) 1(3.6) 0519
2 doses 10 (38.5) 14 (50.0) 0328
3 doses 4(154) 7(25.0) 0.381
4 doses 2(7.7) 2(7.1) 0.666
Unknown 6(23.1) 0(0.0) 0.009
Treatment for COVID-19
Monoclonal antibody therapy 0(0.0) 14 (50.0) <0.001
Sotrovimab 0(0.0) 10 (35.7) <0.001
Casirivimab/imdevimab 0(0.0) 4(14.3) 0.065
Remdesivir 15(57.7) 21(75.0) 0.25
Molnupiravir 1(3.8) 7(25.0) 0.033
Steroids 7(26.9) 10(35.7) 0487
Dexamethasone 6(23.1) 7(25.0) 0.869
Metylprednisolon 2(7.7) 5(17.9 0.242
Severity of COVID-19"
Asymptomatic 0(0.0) 0(0.0) N/A
Mild/moderate 12 (46.2) 15 (53.6) 0.586
Severe 9 (34.6) 10(35.7) 093
Critical 5(19.2) 3(10.7) 0.31
Clinical course
Time from symptom onset to admission, mean days (range) 3.0(0-17) 2.0(0-22) 0.655
Length of stay, mean days (range) 9.0 (4-38) 17.5 (4-49) 0.001
Outcome
Death (7.7) 1(3.6) 0472
Readmission due to re-exacerbation 0.0) 3(10.7) 0.132
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N/A not applicable, COVID-19 the coronavirus disease 2019
Data are no. (%) of individuals, unless indicated otherwise
" The definition of severity of COVID-19 is based on reference no. 14
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Fig. 1 Comparison of dynamics of nasopharyngeal SARS-CoV-2 RT-PCR Ct values after symptom onset between control and immunocompromised
patients (A) and between immunocompromised patients receiving and not receiving monoclonal antibody therapies. The solid line represents

the linear regression line for all plots, with the dotted curves indicating the 95% confidence interval (95% Cl) for the regression line. The slope value
of the linear regression line was calculated using linear regression analysis. SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; RT-PCR,

real-time-PCR; Ct, cycle threshold

0.24, respectively (interaction (B): 0.41, 95% CI: —0.059
to 0.879; P=0.083).

The dynamics of anti-spike IgG titers in the immu-
nocompromised and control groups are shown in Sup-
plementary Fig. 1. The median anti-spike IgG titers in
immunocompromised patients not receiving mono-
clonal antibody therapy were significantly lower than
those in control patients, both in early serum samples
(19.5 vs. 1683.0, P<0.001) and convalescent serum
samples (900.8 vs. 5,0000.0, P<0.001). The median anti-
spike IgG titer in convalescent samples from immuno-
compromised patients receiving monoclonal antibodies

was comparable to that in control patients (2,3000.0 vs.
5,0000.0, P=0.525).

Clinical and virological characteristics

of immunocompromised patients with SARS-CoV-2 viremia
The incidence of SARS-CoV-2 viremia was significantly
higher in the immunocompromised group than that
in the control group (35.7% [10/28] vs. 11.5% [3/26];
P=0.003) (Fig. 2). The slope of the linear regression line
based on the Ct values after symptom onset in immuno-
compromised patients with viremia tended to be consid-
erably lower than that in patients without viremia (0.19
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Fig. 2 Frequency of SARS-CoV-2 viremia in control
and immunocompromised patients. SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2

vs. 0.65, P=0.054) (Supplementary Fig. 2). The demo-
graphic and clinical characteristics according to the pres-
ence or absence of viremia in the immunocompromised
group are shown in Table 2. There were no differences in
ages, types of organ transplantation, types of immuno-
suppressive medication, or comorbidities between the
two groups. The frequency of booster (third and fourth)
vaccinations was significantly higher in the patients with-
out viremia than in those with viremia (50.0% [9/18] vs.
0.0% [0/10], P=0.0098). All three patients with critical
disease in the severity of COVID-19 were included in
the viremia group, of whom one died. All three patients
with viremia in the control group were critical in terms of
severity, of whom two died. The demographic and clinical
characteristics of the 13 patients with viremia (10 in the
immunocompromised group and 3 in the control group)
are shown in Supplementary Table 2.

Discussion

Our study suggested that during the Omicron period
of COVID-19, immunocompromised patients showed
a slower decline in viral loads than control patients,
based on nasopharyngeal SARS-CoV-2 PCR Ct values.
This finding differs from that of a previous study with a
larger number of immunocompromised patients [16]
conducted during the Omicron epidemic. However, the
definition of ‘immunocompromised’ used in the previ-
ous study included patients with a diverse mix of back-
grounds. The immunocompromised group in our study
consisted mainly of organ transplant recipients and was
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limited to patients receiving immunosuppressive medica-
tions, which likely explains the difference in the results.
Thus, our study suggests that a distinct immunosup-
pressed status results in slower SARS-CoV-2 clearance
in individuals infected with the Omicron variants. Read-
mission, along with the re-exacerbation of symptoms
observed in this study, may reflect delayed viral clear-
ance. Previous reports have suggested virological and/
or symptomatic re-exacerbations in immunocompro-
mised patients with COVID-19 [19, 20]. In this study,
immunocompromised patients receiving antibody ther-
apy showed a faster reduction in viral load than those
not receiving antibody therapy. Anti-spike IgG titers in
immunocompromised patients who did not receive anti-
body therapy barely increased during the convalescent
phase. In contrast, during the convalescent phase, anti-
spike IgG titers in immunocompromised patients who
received antibody therapy increased to levels compara-
ble to those in the control group. These findings suggest
that antibody therapy promotes viral clearance. Although
half of the immunocompromised patients in our study
received antibody therapy, the immunocompromised
group in the overall analysis showed markedly slower
viral clearance than the control group. In SARS-CoV-2
infected patients receiving immunosuppressive medica-
tions, viral clearance is likely to be significantly prolonged
during the natural clinical course.

In terms of the comparison between the two groups in
this study, a history of immunosuppressive medications
did not appear to affect COVID-19 severity; however,
the severity of severe and critical diseases accounted for
approximately 50% of the immunocompromised group,
potentially indicating a higher risk of disease severity.
Notably, one-third of immunocompromised patients
exhibited SARS-CoV-2 viremia. This likely reflected the
depth of immunosuppression. In this study, no immuno-
compromised patients with viremia received a booster
vaccination. It has been reported that SARS-CoV-2 vac-
cination is associated with protecting against the devel-
opment of viremia [21]. The anti-spike antibody levels in
our immunocompromised group were extremely low at
the early onset of symptoms, regardless of the presence of
viremia, suggesting that patients receiving immunosup-
pressive medications could not obtain sufficient antibody
responses to SARS-CoV-2 vaccinations. Therefore, we
cannot address whether SARS-CoV-2 booster vaccina-
tions contribute to the prevention of viremia in an immu-
nosuppressed state. Further investigation is required to
address this issue.

In the overall analysis of this study, most patients with
critical severity (6/8) and all patients with an outcome of
death (3/3) were accompanied by SARS-CoV-2 viremia.
Several studies have reported significant adverse effects
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Table 2 Demographic and clinical characteristics according to the presence or absence of SARS-CoV-2 viremia in
immunocompromised patients

Characteristic no viremia (h=18) viremia (n=10) P value
Age, mean years (range) 57.0(19-74) 49.5 (25-74) 0487
Gender, male 8 (444) 4 (40.0) 057
Type of transplantation
Kidney 10 (55.6) 5(50.0) 0.544
Liver 2(11.1) 2(20.0) 0452
Heart 3(16.7) 0(0.0) 0.249
Multiorgan (kidney and pancreas) 1(56) 1(10.0) 0.595
Hematologic stem cell 1(5.6) 0(0.0) 0.643
Immunosuppressive medication
Calcineurin inhibitor 17 (94.4) 9(90.0) 0.595
Mycophenolate mofetil 13(72.2) 5(50.0) 0.221
Steroids (Prednisolone or Methylprednisolone) 17 (94.4) 9(90.0) 0.595
Calcineurin inhibitor + Mycophenolate mofetil + Steroids 12 (66.7) 4(40.0) 0.103
Calcineurin inhibitor + Mycophenolate mofetil 0(0.0) 1(10.0) 0357
Calcineurin inhibitor + Steroids 0(0.0) 9(90.0) <0.001
Chronic underlying disease
Diabetes mellitus 12 (66.7) 6 (60.0) 0.519
Hypertension 14(77.8) 7(70.0) 0491
Renal disease 2(11.0) 3(30.0) 0.228
Cardiac disease 3(16.7) 1(10.0) 0.548
Chronic pulmonary disease 0(0.0) 2(20.0) 0.119
Liver disease 1(5.6) 1(10.0) 0.595
Collagen disease 0(0.0) 2(20.0) 0.119
Hematologic malignancy 1(5.6) 0(0.0) 0.643
Vaccination
no vaccination 3(16.7) 1(10.0) N/A
1 dose 0(0.0) 1(10.0) N/A
2 doses 6(33.3) 8(80.0) N/A
3 doses 7 (38.9) 0(0.0) N/A
4 doses 201.0) 0(0.0) 0012
Treatment for COVID-19
Monoclonal antibody therapy 8 (44.4) 6 (60.0) 0.347
Sotrovimab 4(22.2) 6 (60.0) 0.057
Casirivimab/imdevimab 4(22.2) 0(0.0) 0.149
Remdesivir 16 (88.9) 5(50.0) 0.036
Molnupiravir 5278 2(20.0) 0.509
Steroids 6(33.3) 4 (40.0) 0519
Dexamethasone 5(27.8) 2(20.0) 0.509
Metylprednisolon 1(5.6) 4 (40.0) 0.041
Severity of COVID-19"
Asymptomatic 0(0.0) 0(0.0) N/A
Mild/moderate 10 (55.6) 5(50.0) 0.544
Severe 8 (44.4) 2(20.0) 0.19
Critical 0(0.0) 3(30.0) 0.037
Clinical course
Time from symptom onset to admission, mean days (range) 2.0(0-22) 4.5 (1-20) 0.203
Length of stay, mean days (range) 19.5 (4-36) 12.0 (7-49) 0.962
Outcome
Death 0(0.0) 1(10) 0.357

Readmission due to re-exacerbation 3(16.7) 0(0.0) 0.249
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SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, N/A not applicable, COVID-19 the coronavirus disease 2019

Data are no. (%) of individuals, unless indicated otherwise
" The definition of severity of COVID-19 is based on reference no. 14
2The frequency of booster (third and fourth) vaccinations was compared

and mortality in COVID-19 patients with viremia [22—
25]. These findings suggest that COVID-19 patients,
particularly those with immunosuppressive conditions,
are likely to be at potential risk of deteriorating the sever-
ity of COVID-19, along with viremia. Among the 13
patients with viremia in this study, most patients with
critical severity did not receive monoclonal antibody
therapy because they were not suitable for treatment at
the time of admission. In contrast, most of the remain-
ing patients with mild/moderate and severe severity
received antibody therapy. This suggests that COVID-19
patients with viremia may worsen disease severity dur-
ing the natural clinical course, possibly due to prolonged
viral clearance, and that careful observation is necessary
during the course of COVID-19, particularly in immu-
nocompromised patients. In addition, this implies the
contribution of antibody therapy to viral clearance and
the reduction in severity and mortality, as reported pre-
viously [10]. After the Omicron variant wave, lower
COVID-19 severity was reported in the general popu-
lation [6-8]. However, for patients receiving immuno-
suppressive medications, categorized as moderately or
severely immunocompromised [12], we need to recog-
nize the possibility of a high risk for adverse severity and
poor outcomes and the necessity of early treatment from
onset, even during the Omicron epidemic.

There are several limitations in this study. The small
sample size potentially results in a low statistical power,
making it difficult to conclude the COVID-19 clinical
course, severity, prognosis, and dynamics of SARS-CoV-2
viral loads in immunocompromised patients. In addition,
it was difficult to adjust for potential confounding factors
that could influence the outcomes, due to the small sam-
ple size. Large scale, multicenter, and international stud-
ies are required to resolve this issue. The study was not
designed prospectively but was conducted retrospectively
based on the physician-dependent collection of clinical
information, laboratory data, and serum samples, which
affects its reliability. The immunocompromised group in
our study focused only on patients receiving immuno-
suppressive medications; however, this definition might
restrict the applicability of the study findings because of
the exclusion of patients receiving biological therapies
such as rituximab. In this study, only serological immune
responses were evaluated. A broader immunological
analysis, including T-cell activity and cytokine profiles,
should deepen the understanding of the virological and

clinical characteristics of immunocompromised patients
infected with SARS-CoV-2. In this study, the long-
term outcomes of COVID-19 in immunocompromised
patients, such as the incidence of persistent symptoms
(long COVID), were not evaluated. A longer follow-up
period is required in future studies. The control group in
this study was not prepared as immunocompetent indi-
viduals. Based on the study criteria, patients admitted to
our hospital within a certain period were selected as con-
trols. Severity in the control group did not reflect that of
COVID-19 in the general population during the Omicron
variant epidemic. Since the onset of SARS-CoV-2 pan-
demic, the Centers for Disease Control and Prevention
(CDC) has recommended an isolation period of at least
20 days for moderately to severely immunocompromised
patients [26]. Considering our findings, the duration of
Omicron variant infectivity in immunocompromised
patients treated with immunosuppressive drugs may be
longer than that in non-immunocompromised patients.
However, in this study, it was difficult to assess the iso-
lation period based on infectivity because viral culture
was not performed. The Omicron lineages that have
mutated from the BA variants, during of which our study
was conducted, have been circulating. Further studies on
the relative effects of different Omicron subvariants are
warranted.

Conclusions

Despite these limitations, the results of this study are
clinically relevant. Even though the control patient
was not necessarily immunologically competent, a his-
tory of immunosuppressive medications is likely to be
associated with the prolongation of SARS-CoV-2 viral
clearance and the development of viremia in immuno-
compromised patients, based on a comparison between
the two groups. In addition, the virological features
of immunocompromised patients receiving immuno-
suppressive medications may affect disease severity,
symptom remission, and prognosis. Most immuno-
compromised patients in our study received multiple
COVID-19 medications, including antiviral and anti-
body therapies. Monoclonal antibody therapies against
the current Omicron variants are not available because
of significant changes in antigenicity. It remains a con-
cern that some immunocompromised patients receiv-
ing currently available antiviral medications experience
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worsening symptoms, severity, and outcomes. Fur-
ther information needs to be collected on the clinical
course, including severity, mortality, and re-exacerba-
tion of immunocompromised patients infected with
currently circulating SARS-CoV-2 variants and receiv-
ing currently available medications.
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