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Abstract
There have been few studies comparing the clinical characteristics and outcomes of SARS-CoV-2 pneumonia in individuals 
with and without moderately to severely immunocompromised conditions. We reviewed adult patients with SARS-CoV-2 
infection who had radiologic evidence of pneumonia at a tertiary hospital in Seoul, South Korea, from February 2020 to 
April 2022. Moderately to severely immunocompromised status was defined as medical conditions or treatments that resulted 
in increased risk of severe COVID-19 and weakened immune response to COVID-19 vaccine as recommended by Centers 
for Disease Control and Prevention. The time to pneumonia development was defined as the time from symptom onset to 
the time when radiologic evidence of pneumonia was obtained. Viral clearance was defined as a Ct value > 30. COVID-
19-related death was defined as 90-day death following imaging-confirmed pneumonia without any other plausible cause of 
death. A total of 467 patients with SARS-CoV-2 pneumonia were analyzed. Of these, 102 (22%) were moderately to severely 
immunocompromised. The median (IQR) time to pneumonia development was significantly longer in moderately to severely 
immunocompromised patients (9.5 [6–14] days) than the comparator (6 [3–8] days), p < 0.001), as was the median time to 
viral clearance (21 versus 12 days, p < 0.001). Moderately to severely immunocompromised status (aOR, 18.39; 95% CI, 
5.80–58.30; p < 0.001) was independently associated with COVID-19-related death. Patients with moderately to severely 
immunocompromised conditions are likely to experience a more protracted course of SARS-CoV-2 pneumonia and a worse 
outcome than those without these conditions.
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Introduction

Coronavirus disease 2019 (COVID-19), which is caused by 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has developed into a global pandemic since first 
reported from China in December 2019 [1]. The clinical 
spectrum of COVID-19 ranges from asymptomatic infection 

to critical illness [2]. Advanced age is the most important 
risk factor for severe COVID-19; others include obesity, 
diabetes mellitus, cardiovascular disease, chronic kidney 
disease, chronic lung disease, malignancy, and immuno-
compromised status [3, 4]. Of these others, immunocom-
promised status, including solid organ transplantation (SOT) 
and hematologic malignancy, is considered the highest risk 
factor for severe COVID-19 [4–9]. In addition, individuals 
with moderately to severely immunocompromised condi-
tions due to specific medical conditions or from receipt of 
immunosuppressive medications or treatments, which result 
in increased risk of severe COVID-19 and poor response 
to COVID-19 vaccine, [10] may have the high risk of poor 
outcome of COVID-19.

Despite this, several studies have claimed that the 
increased risk is not a result from immunocompromised 
condition itself and that the outcomes of COVID-19 among 
immunocompromised individuals are very variable [11–15]. 
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In addition, there is some suggestion that the reduced inflam-
matory response resulting from immunocompromised status 
is protective against severe COVID-19 [16–18]. However, 
data comparing the clinical characteristics and outcomes of 
COVID-19 in individuals with and without these immuno-
compromised conditions are limited, so it is still unclear how 
the weakened immune system contributes to the severity 
and outcomes of COVID-19. We have therefore compared 
the clinical characteristics and outcomes of patients with 
SARS-CoV-2 pneumonia who were considered as mod-
erately to severely immunocompromised to those without 
these conditions.

Materials and methods

Study populations and design

We retrospectively enrolled patients aged 18 years or more 
who had SARS-CoV-2 infection confirmed by polymerase-
chain-reaction (PCR) in a 2,700-bed tertiary hospital, Seoul, 
South Korea, between February 2020 and April 2022. Clini-
cal variables were collected from medical records, and we 
compared the patient characteristics, clinical course, and 
outcomes of patients with SARS-CoV-2 pneumonia who 
were moderately to severely immunocompromised with 
those who were not. The study was approved by the insti-
tutional review board of Asan Medical Center (IRB No 
2022-0154).

Definitions

According to Centers for Disease Control and Prevention 
(CDC)’s recommendation, patients were considered as mod-
erately to severely immunocompromised (IC) if they had 
medical conditions or treatments that resulted in increased 
risk of severe COVID-19 and weakened immune response 
to COVID-19 vaccine. Specifically, patients with hemato-
logic malignancies or solid tumor on active treatment, SOT 
recipients taking immunosuppressive therapy, patients with 
moderate to severe primary immunodeficiency, or patients on 
active treatment with immunosuppressive or immunomodula-
tory agent were included [10]. SARS-CoV-2 pneumonia was 
defined if patients was confirmed as COVID-19 by PCR of 
nasopharyngeal specimens and had radiologic evidence of 
pneumonia on simple chest radiography or computed tomog-
raphy. The time to pneumonia development was defined as 
the time from symptom onset to the first radiologic evidence 
of pneumonia. We repeated SARS-CoV-2 PCR during admis-
sion at least once per week, and viral clearance was defined 

as a cycle threshold (Ct) value > 30 from a respiratory speci-
men, because shedding of viable virus is rare in patients with 
Ct > 30 [19, 20]. The time to viral clearance was defined as the 
time from symptom onset to the first Ct exceeding 30. Causes 
of death were classified into COVID-19-related, other cause, 
indeterminate, or unclassifiable. All deaths following imaging-
confirmed (chest X-ray or computed tomography) pneumonia 
without a plausible cause of death other than pneumonia were 
categorized as COVID-19-related death. All deaths with other 
identified causes were categorized as death due to other cause. 
Any case that did not fit any of the aforementioned criteria 
was categorized as indeterminate (e.g., the cause of death was 
unclear when SARS-CoV-2 pneumonia was accompanied by 
other factors, making it difficult to definitively attribute death 
to one cause or another) or unclassifiable (e.g., patients did 
not die in Asan Medical Center, and cause of death could not 
be evaluated).

In South Korea, the part of study period fell into the non-
omicron-dominant era (before February 2022) and the omi-
cron-dominant era (between February 2022 and April 2022). 
Since the SARS-CoV-2 variants might affect COVID-19 mor-
tality, we stratified patients according to dominant circulating 
SARS-CoV-2 variants and performed a subgroup analysis of 
COVID-19-related death.

Statistical analysis

The Chi-square or Fisher’s exact test was used to analyze cat-
egorical variables, as appropriate. We used Student’s t test or 
the Mann–Whitney U test for continuous variables according 
to normality of the data. Logistic regression analysis was used 
to estimate the association between 90-day mortality due to 
SARS-CoV-2 pneumonia and other variables. Significant vari-
ables with p values < 0.10 in the univariate analysis, and other 
variables of clinical importance, were included in a multivari-
able analysis. In addition, a Cox proportional hazards model 
and survival curve adjusted for independent risk factors were 
used to compare survival rates in patients with and without IC 
conditions. To estimate rates of viral clearance, survival analy-
sis was performed using Kaplan–Meier plots and the log-rank 
test. In addition, we create a Cox proportional hazards model 
and performed a multivariable analysis with significant vari-
ables with p values < 0.10 in the univariate analysis, and other 
variables of clinical importance to identify variables associated 
with viral clearance. All tests of significance were two-tailed, 
and p values < 0.05 were considered statistically significant. R 
version 4.2.2 (R Foundation for Statistical Computing, Vienna, 
Austria) was used for analysis and graphical presentation of 
the results.
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Results

Study papulation

Of 621 hospitalized adult patients confirmed as COVID-
19, 467 (75%) had radiologic evidence of pneumonia and 
were included in this study (Fig. S1). Their median age 
was 64 years, and 184 (39%) were female. Of the 467 
patients, 102 (22%) were moderately to severely immu-
nocompromised, and specific immunocompromised con-
ditions are shown in Table 1 and S1. The remaining 365 
(78%) patients were classified as the comparator group. 
The baseline clinical characteristics and outcomes of the 
two groups are shown in Tables 1 and 2. The IC patients 
were more likely than the comparators to have chronic 
kidney disease (46 [48%] vs 33 [9%]; p < 0.001), chronic 
lung disease (16 [16%] vs 17 [5%]; p < 0.001) and chronic 
liver disease (18 [18%] vs 20 [6%]; p < 0.001). However, 
members of the IC group were less likely to be obese (27 
[27%] vs 158 [43%]; p = 0.003). Although most of the 
patients in the comparator group were infected by SARS-
CoV-2 before the omicron-dominant era (322 [88%]), most 
of IC patients were infected during the omicron-dominant 
era (75 [74%]; p < 0.001) (Table 1). Patients with IC had 
less unvaccinated status (40%) than those without immu-
nocompromised conditions (75%) at the time of SARS-
CoV-2 infection (p < 0.001).

Comparison of clinical characteristics and viral 
clearance according to moderately to severely 
immunocompromised status

The median (IQR) time to pneumonia development was 
significantly longer in the IC group (9.5 [6–14] days) 
than in the comparator group (6 [3–8] days, p < 0.001) 
(Fig. 1). Cases of critical illness were less common among 
IC patients (33 [32%]) than in the comparator group (200 
[55%]; p < 0.001). In addition, less patients in the IC group 
used a mechanical ventilator (19 [19%] vs 112 [31%]; 
p < 0.001) and be admitted to intensive care unit than the 
comparators (28 [28%] vs 182 [50%]; p < 0.001). There 
were no significant differences between the two groups in 
terms of COVID-19-specific treatments, except that toci-
lizumab was less often administrated to the IC group (21 
[21%] vs 144 [40%]; p = 0.001) (Table 2).

Excluding 22 patients whose Ct value was not avail-
able, a total of 361 (81%) patients had Ct > 30 at some 
point during hospitalization, including 60 IC patients and 
301 non-IC patients. There was a significant difference 
in median time to viral clearance between the two groups 
(21 versus 12 days, p < 0.001) (Fig. 2). In multivariable 

analysis, IC status (adjusted hazards ratio [aHR], 3.85; 
95% confidence interval [CI], 2.50–5.88; p < 0.001) was 
independently associated with delayed viral clearance, 
and baricitinib treatment (aHR, 1.38; 95% CI, 1.02–1.89; 
p = 0.03) also was independently associated with delayed 
viral clearance (Table S2). However, remdesivir treatment 
(aHR, 0.69; 95% CI, 0.49–0.99; p = 0.046) was indepen-
dently associated with shorter viral clearance.

Characteristics and variables associated 
with COVID‑19‑related death

Seventy-six (16%) patients died within 90 days of the date 
of SARS-CoV-2 pneumonia, and detailed causes of death 
are shown in Table 2. Of these patients, 54 (71%) died from 
SARS-CoV-2 pneumonia, and COVID-19-related deaths 
were significantly different in the IC group (24 [24%]) and 
the comparator group (52 [14%]; p = 0.046) (Table 2). Clini-
cal characteristics according to COVID-19-related death 
are shown in Table 3. Patients who died from SARS-CoV-2 
pneumonia were older (median [IQR] age, 76 [68–85] vs 
62 [52–70] years, p < 0.001), and more likely to have car-
diovascular disease (16 [30%] vs 57 [14%]; p = 0.005) than 
patients who did not.

Multivariate analysis revealed that age (adjusted odds 
ratio [aOR], 1.17; 95% CI, 1.12–1.22; p < 0.001) and IC 
status (aOR, 18.39; 95% CI, 5.80–58.30; p < 0.001) were 
independently associated with COVID-19-related death 
(Table 4). However, the omicron-dominant era (aOR, 0.33; 
95% CI, 0.12-0.0.92; p = 0.03) was inversely associated with 
COVID-19-related death. After adjustment for age and dom-
inant variant of the period, the survival rate in IC patients 
was significantly lower than that in the comparator group 
(p < 0.001) (Fig. 3).

Subgroup analysis for variables associated 
with COVID‑19‑related death

Patients who died due to SARS-CoV-2 pneumonia were 
more likely to be older in both the non-omicron-dominant 
era (median [IQR] age, 76 [70–85] vs 62 [53–70] years, 
p < 0.001) and the omicron-dominant era (median [IQR] 
age, 75 [66–85] vs 62 [52–69] years, p = 0.001) (Table S3). 
Multivariable analysis revealed that age was independently 
associated with COVID-19-related death in both the non-
omicron-dominant era (aOR, 1.16; 95% CI, 1.11–1.22; 
p < 0.001) and the omicron-dominant era (aOR, 1.16; 
95% CI, 1.06–1.28; p < 0.001). In addition, IC status was 
an independent risk factor for COVID-19-related death in 
both the non-omicron-dominant era (aOR, 15.22; 95% CI, 
4.03–57.45; p < 0.001) and the omicron-dominant era (aOR, 
10.84; 95% CI, 1.27–92.64; p = 0.03) (Table S4). Survival 
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Table 1   Characteristics of moderately to severely immunocompromised group and the comparator groups

Characteristic Moderately to severely immunocompro-
mised group (n = 102)

The comparator group 
(n = 365)

P value

Age, median (IQR) years 63 (56–68) 64 (55–74) 0.10
Sex
Female 42 (41) 142 (39) 0.76
Male 60 (59) 223 (61)
Comorbidity
BMI ≥ 25 kg/m2 27 (27) 158 (43) 0.003
Smoking 28 (28) 95 (26) 0.87
Diabetes mellitus 38 (37) 108 (30) 0.18
Hypertension 48 (47) 180 (49) 0.77
Cardiovascular disease 16 (16) 57 (16)  > 0.99
Chronic kidney disease 49 (48) 33 (9)  < 0.001
Chronic lung disease 16 (16) 17 (5)  < 0.001
Chronic liver disease 18 (18) 20 (6)  < 0.001
Dominant variant of the period
Non-omicron-dominant era 27 (27) 322 (88)  < 0.001
Omicron-dominant era 75 (73) 43 (12)
Vaccination status
None 41 (40) 274 (75)  < 0.001
1- or 2-dose 23 (23) 70 (19)
3-dose or more 38 (37) 21 (6)
Interval from the latest vaccination to SARS-CoV-2 infec-

tion, median (IQR) days
101 (60–125) 77 (26–111) 0.03

Moderately to severely immunocompromised status
Hematologic malignancy 24 (24) Not applicable
AML, no 8
DLBCL, no 5
FL, no 4
MM, no 3
ALL, no 1
CLL, no 1
ENKTL, no 1
PTCL, no 1
SOT on immunosuppressive agent a 57 (56) Not applicable
Heart, no 6
Lung, no 7
Liver, no 14
Kidney, no 25
Kidney – Pancreas, no 4
Pancreas, no 1
Solid tumor on antineoplastic therapya 17 (17) Not applicable
Lung, no 5
Breast, no 4
Pancreas, no 3
Liver and Bile duct, no 3
Stomach, no 1
Ovary, no 1
Rheumatologic disorder on immunomodulator 4 (4) Not applicable
Rheumatoid arthritis, no 3
Anti-synthetase syndrome, no 1
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Data are presented as no. (%) of individuals unless otherwise indicated. Abbreviations: IQR, interquartile range; BMI, body mass index; SARS-
CoV-2, severe acute respiratory syndrome coronavirus 2; AML; acute myeloid leukemia; DLBCL, diffuse large B cell lymphoma; FL, follicular 
lymphoma; MM, multiple myeloma; ALL, acute lymphoid leukemia; CLL, chronic lymphocytic leukemia; ENKTL, extranodal NK/T cell lym-
phoma; PTCL, peripheral T cell lymphoma; SOT, solid organ transplantation
a There was one patient who was taking immunosuppressive agent after solid organ transplantation and had solid tumor on active antineoplastic 
treatment

Table 1   (continued)

Characteristic Moderately to severely immunocompro-
mised group (n = 102)

The comparator group 
(n = 365)

P value

Primary immunodeficiency 1 (1) Not applicable
Bruton`s disease, no 1

Table 2   Severity, treatment, and 
death in moderately to severely 
immunocompromised group 
and the comparator group

Data are presented as no. (%) of individuals unless otherwise indicated. NIH National institutes of health, 
ECMO Extracorporeal membrane oxygenation, COVID-19 Coronavirus disease 2019, ICU Intensive care 
unit
a According to NIH COVID-19 Treatment Guidelines, 1, asymptomatic infection; 2, mild illness, any of 
the various signs and/or symptoms of COVID-19, but not shortness of breath, dyspnea, or abnormal chest 
imaging; 3, moderate illness, evidence of lower respiratory disease, but not needing oxygen supplementa-
tion; 4 severe illness, evidence of lower respiratory disease and needing oxygen supplementation; 5, critical 
illness, respiratory failure and/or multiorgan failure

Outcome Moderately to severely immuno-
compromised group (n = 102)

The comparator 
group (n = 365)

P value

NIH COVID-19 severitya

3 16 (16) 22 (6)  < 0.001
4 53 (52) 143 (39)
5 33 (32) 200 (55)
Oxygen supplement
No oxygen supplement 13 (13) 19 (5)  < 0.001
Low flow oxygen supplement 40 (39) 79 (21)
High flow oxygen supplement 30 (29) 142 (39)
Mechanical ventilator 19 (19) 112 (31)
ECMO and/or lung transplantation 0 (0) 13 (4)
ICU admission 28 (28) 182 (50)  < 0.001
COVID-19-specific treatment
Remdesivir 94 (92) 312 (86) 0.11
Dexamethasone 87 (85) 319 (87) 0.70
Baricitinib 18 (18) 56 (15) 0.68
Tocilizumab 21 (21) 144 (40) 0.001
Deaths within 90 days 24 (24) 52 (14) 0.04
 COVID-19-related, n/N (%) 18/24 (75) 36/52 (69) 0.046
 Other cause, n/N (%) 5/24 (21) 7/52 (14) 0.18
 Underlying disease, no 3 1
 Sepsis, no 1 3
 Bleeding, no 1 1
 Cardiovascular disease, no 0 1
 Cerebrovascular accident, no 0 1
 Indeterminate, n/N (%) 1/24 (4) 1/52 (2)
 Unclassifiable, n/N (%) 0/24 (0) 8/52 (15)



2260	 Clinical and Experimental Medicine (2023) 23:2255–2264

1 3

Fig. 1   The comparison of 
time to pneumonia develop-
ment in moderately to severely 
immunocompromised group 
and the comparator group. Long 
horizontal lines indicate the 
median, and short horizontal 
lines indicate the interquartile 
range

Fig. 2   The comparison of the 
proportion of patients with Ct 
value > 30 depending on mod-
erately to severely immunocom-
promised status. Kaplan–Meier 
curve was shown, and the 
median time to viral clearance 
was indicated: 21 days for mod-
erately to severely immunocom-
promised group and 12 days for 
the comparator group
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analyses stratified by dominant variant of the period are 
shown in Fig. S2.

Discussion

We have found that times to pneumonia development and 
viral clearance were significantly longer in the IC group 
than the comparator group. In addition, COVID-19-related 
mortality was significantly higher in IC patients than in the 
comparator patients, after adjustment for risk factors for 
COVID-19-related mortality. Therefore, our data provide 

important information for differential diagnosis of this 
protracted course of pneumonia and for de-isolation policy 
in IC patients, and emphasize the various interventions for 
these patients, including early antiviral treatment along 
with appropriate use of COVID-19-specific immunomodu-
lators, as well as current COVID-19 vaccination policy.

Patients with SARS-CoV-2 infection are typically thought 
to progress to pneumonia over the course of a week from 
onset of symptoms [21], and our finding that the median 
time of progression to pneumonia from symptom onset 
in non-IC patients was 6 days is consistent with previous 
observations [21, 22]. However, the course of SARS-CoV-2 

Table 3   Characteristics 
according to COVID-19-related 
death

Data are presented as no. (%) of individuals unless otherwise indicated. IQR Interquartile range, BMI Body 
mass index, SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2, SOT Solid organ transplanta-
tion

Characteristic COVID-
19-related death 
(n = 54)

No COVID-
19-related death 
(n = 413)

P value

Age, median (IQR) years 76 (68–85) 62 (52–70)  < 0.001
Sex
Female 22 (41) 162 (39) 0.95
Male 32 (59) 251 (61)
Comorbidity
BMI ≥ 25 kg/m2 18 (33) 167 (40) 0.39
Smoking 18 (33) 105 (25) 0.28
Diabetes mellitus 12 (22) 134 (32) 0.17
Hypertension 28 (52) 200 (48) 0.74
Cardiovascular disease 16 (30) 57 (14) 0.005
Chronic kidney disease 12 (22) 70 (17) 0.44
Chronic lung disease 7 (13) 25 (6) 0.11
Chronic liver disease 3 (6) 35 (9) 0.64
Dominant variant in the period
Non-omicron-dominant era 41 (76) 308 (75) 0.96
Omicron-dominant era 13 (24) 105 (25)
Vaccination status
None 36 (67) 279 (68) 0.30
1- or 2-dose 14 (26) 79 (19)
3-dose or more 14 (7) 55 (13)
Interval from the latest vaccination to SARS-CoV-2 

infection, median (IQR) days
107.5 (68–169) 78.5 (39–121) 0.054

Moderately to severely immunocompromised status 18 (33) 84 (20) 0.046
Hematologic malignancy, n/N (%) 7/18 (39) 17/84 (20) 0.02
SOT on immunosuppressive agent, n/N (%) 3/18 (17) 54/84 (64) 0.17
Solid tumor on antineoplastic therapy, n/N (%) 6/18 (33) 11/84 (13) 0.006
Rheumatologic disorder on immunomodulator, n/N (%) 2/18 (11) 2/84 (2) 0.10
Primary immunodeficiency, n/N (%) 0/18 (0) 1/84 (1)  > 0.99
COVID-19-specific treatment
Remdesivir 44 (82) 362 (88) 0.29
Dexamethasone 51 (94) 355 (86) 0.18
Baricitinib 9 (17) 65 (16)  > 0.99
Tocilizumab 22 (41) 143 (35) 0.46
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pneumonia was clearly more protracted in IC patients. Based 
on our understanding of the pathogenesis of COVID-19, we 
hypothesize that a weakened immune system may affect 
some characteristic of the cytokine storm and delay the 
development of pneumonia. Clinicians should therefore bear 
in mind the differential diagnosis of SARS-CoV-2 pneumo-
nia in IC patients who have histories of SARS-CoV-2 infec-
tion several weeks previously.

The CDC recommends that the period of isolation of 
moderately to severely immunocompromised patients be 
extended to 20 days or more, in conjunction with a test-
based strategy and consultation with an infectious diseases 
specialist [23]. However, there are limited data on viral 
shedding kinetics in IC patients with SARS-CoV-2 infection 

and these recommendations are largely based on studies 
involving small numbers of immunocompromised patients 
[24, 25]. Our study included a relatively large number of 
IC patients and showed that the median time to Ct > 30 in 
IC patients was 21 days compared with 12 days in non-IC 
patients in survival analysis. Hence, our findings support the 
current CDC’s recommendations that patients with severe 
COVID-19 isolate for at least 10 days and patients that are 
moderately to severely immunocompromised isolate for at 
least 20 days.

Although hematologic malignancies are the highest risk 
of progressing to COVID-19 [4–9], interestingly, Niemann 
et  al. have reported that patients with chronic lympho-
cytic leukemia (CLL) have a reduced risk of death from 

Table 4   Risk factors for 90-day 
mortality due to SARS-CoV-2 
pneumonia

OR Odds ratio, aOR Adjusted odds ratio, CI Confidence interval

Risk factor Univariate analysis Multivariable analysis

OR (95% CI) P value aOR (95% CI) P value

Age 1.13 (1.09–1.16)  < 0.001 1.17 (1.12–1.22)  < 0.001
BMI ≥ 25 kg/m2 0.74 (0.4–1.34) 0.32
Cardiovascular disease 2.63 (1.38–5.03) 0.003
Chronic kidney disease 1.40 (0.70–2.79) 0.34
Chronic lung disease 2.22 (0.91–5.39) 0.08
Chronic liver disease 0.64 (0.19–2.14) 0.46
Dominant variant of the period
Non-omicron-dominant era Reference Reference
Omicron-dominant era 0.93 (0.48–1.80) 0.83 0.33 (0.12–0.92) 0.03
Vaccination status
None Reference Reference
1- or 2-dose 1.37 (0.71–2.67) 0.35 0.92 (0.40–2.10) 0.84
3-dose or more 0.56 (0.19–1.65) 0.29 0.31 (0.08–1.14) 0.08
Moderately to severely immuno-

compromised condition
1.96 (1.06–3.62) 0.03 18.39 (5.80–58.30)  < 0.001

Fig. 3   The comparison of 
survival rates in moderately to 
severely immunocompromised 
group and the comparator 
group based on survival curves 
adjusted for age, dominant vari-
ant of the period
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COVID-19 in the omicron-dominant era [17]. They com-
pared the outcomes of patients with CLL who were infected 
with SARS-CoV-2 before versus during the period of domi-
nance of the omicron variant in Denmark, where the variant 
became dominant after December 17, 2021. They assigned 
the patients to one of four time periods and 30-day overall 
survival in the final period, from 1st January 2022 to 28th 
January 2022, being significantly higher than in the other 
three periods (p < 0.0077) [17]. However, our subgroup 
analysis stratified by the dominant era of variants revealed 
that IC status was identified as an independent risk factor for 
COVID-19-related death even in the omicron-dominant era. 
So, our findings emphasize the recent interventions recom-
mended for these vulnerable patients, including early anti-
viral treatment with appropriate COVID-19-specific immu-
nomodulator, and the current COVID-19 vaccination policy.

This study had some limitations. First, it was performed 
in a tertiary referral hospital, which makes it prone to pos-
sible selection and referral biases. In fact, patients in the 
comparator group did not reflect the general population, 
and most patients in this group had at least one risk fac-
tor for severe COVID-19 other than IC status. In addition, 
since IC patients also had other comorbidities associated 
with severity of COVID-19, the impact of IC status itself 
was difficult to assess. However, we compared mortality in 
the two groups after adjusting for other risk factors, and we 
were able to evaluate the effect of IC status itself on COVID-
19-related death. Second, we defined IC status according to 
CDC`s recommendation. Since the immune system can be 
affected by the type of SOT, the cell of origin in hematologic 
malignancy, and use of certain chemotherapies and immuno-
suppressant drugs, there were significant differences in the 
level of immunosuppression among IC status and the fact 
that we combined heterogenous conditions and/or diseases 
as a one group could be a limitation of the study. Therefore, 
additional studies to clarify the level of immunosuppres-
sion (i.e., depending on COVID-19 vaccination response) 
and evaluate the impact of each IC condition separately on 
COVID-19 severity are needed. Third, the immunogenicity 
and effectiveness of COVID-19 vaccines are reported to be 
reduced in immunocompromised individuals [26] and could 
contribute to the outcomes of COVID-19 among patients 
in the IC group. In South Korea, COVID-19 vaccination 
campaign was conducted since March 2021 and 3-dose vac-
cination campaign was conducted since the end of December 
2021. Therefore, patients who was infected SARS-CoV-2 
before the campaign had never received COVID-19 vaccine 
and there was a discrepancy of vaccination rate in study pop-
ulation according to the period of SARS-CoV-2 infection. 
Although we performed multivariable analysis to offset the 
effect of this unbalanced vaccination status among the study 
population, further studies to identify association between 
vaccination status and viral clearance or COVID-19-related 

death in patients with IC status are needed. Finally, there 
were significant differences in terms of age, underlying dis-
eases, the dominant era of variants, and COVID-19 vacci-
nation status between patients with moderately or severely 
immunocompromised patients and the comparator. Although 
we tried to adjust these unbalanced variables by multivari-
able analyses, there might be still unmeasured confounders 
between two groups. Despite these limitations, our study is 
one of a few studies that included a large number of immu-
nocompromised patients with COVID-19 and systemically 
evaluated the clinical characteristics, viral clearance, and 
outcomes in these vulnerable population.

In conclusion, there were longer delays from symptom 
onset to the development of pneumonia and viral clearance 
in moderately to severely immunocompromised patients than 
in patients without these conditions. In addition, moderately 
to severely immunocompromised status was an independent 
risk factor for COVID-19-related death and led to worse 
outcomes.
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