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Abstract
Immunosuppression (IS) and autoimmune disease (AD) are prevalent in patients with severe coronavirus disease
2019 (COVID-19), but their impact on its clinical course is unknown. We investigated relationships between IS, AD,
and outcomes in patients hospitalized with COVID-19. Data on consecutive admissions for COVID-19 were extract-
ed retrospectively from medical records. Patients were assigned to one of four cohorts, according to whether or not
they had an AD (AD and NAD) or were immunosuppressed (IS and NIS). The primary endpoint was development
of severe acute respiratory distress syndrome (ARDS); secondary endpoints included death, and a composite of
mechanical ventilation (MV) or death. A total of 789 patients were included: 569 (72.1%) male, 76 (9.6%) with
an AD, and 63 (8.0%) with IS. Relative to the NIS-NAD cohort, patients in the IS-AD cohort had a significantly
reduced risk of severe ARDS (adjusted hazard ratio [aHR] 0.42; 95% confidence interval [CI] 0.23–0.80; p = 0.008).
No significant relationships between IS or AD status and either death or the composite of MV and death were
identified, although a trend towards higher mortality was identified in the IS-NAD cohort (aHR vs NIS-NAD 1.71;
95% CI 0.94–3.12; p = 0.081). Patients in this cohort also had higher median serum levels of interleukin-6 compared
with IS-AD patients (98.2 vs 21.6 pg/mL; p = 0.0328) and NIS-NAD patients (29.1 pg/mL; p = 0.0057). In conclu-
sion, among patients hospitalized with COVID-19, those receiving immunosuppressive treatment for an AD may
have a reduced risk of developing severe ARDS.
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Introduction

Coronavirus disease 2019 (COVID-19), the clinical illness
caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), was first reported in Wuhan, China, on 31
December 2019 [1], and has since spread rapidly across the
world. The first published data from China suggested that
nearly one-third of patients may go on to develop acute respi-
ratory distress syndrome (ARDS), a complication associated
with increased need for mechanical ventilation (MV) and risk
of death [2]. Older age and the presence of comorbidities were
identified early on as being risk factors for ARDS, and for
progression from ARDS to death [3].

Patients with immunosuppression were initially thought to
be at increased risk of severe COVID-19. However, prelimi-
nary data have suggested that the immune response to SARS-
CoV-2 has two distinct phases [4]. The first (viral response)
phase is triggered by the virus itself, and is characterized by
mild constitutional symptoms. The second phase consists of
an unregulated, excessive inflammatory response, which ap-
pears to be the main driver of lung tissue damage in COVID-
19 [5]. There would therefore appear to be a strong scientific
rationale for therapeutic immunomodulation in mid- to late-
stage infection with SARS-CoV-2.

In a recent retrospective pilot study [6], we found that non-
severely immunosuppressed individuals admitted to our insti-
tution with confirmed COVID-19 were significantly less like-
ly to develop moderate or severe ARDS than were non-
immunosuppressed individuals (adjusted odds ratio [OR]
0.16; p = 0.004). After stratifying the immunosuppressed
(IS) cohort by the presence or absence of an autoimmune
disease (AD), a significantly lower risk was observed exclu-
sively among IS-AD patients (adjusted OR 0.12; p = 0.007).
Thus, IS patients without an AD may have a more intense
inflammatory response to infection with SARS-CoV-2 rela-
tive to those with an AD.

Based on these observations, we wanted to investigate wheth-
er patients with anADmight have a lower risk of having a severe
outcome related to COVID-19 in comparison to thosewithout an
AD.We also sought to determine whether IS patients without an
AD (e.g., those receiving cancer chemotherapy) may have worse
outcomes compared with other groups.

To test these hypotheses, we retrospectively analyzed
available data from a large cohort of patients consecutively
admitted to hospital with symptoms of COVID-19.

Methods

Study Design

This single-center, retrospective, observational study was per-
formed at Hospital Universitario Ramón y Cajal (HRC) in

Madrid. Electronic medical records for all adults admitted to
HRCwith confirmed or highly suspected SARS-CoV-2 infec-
tion, from the beginning of the pandemic up to and including
15 April 2020, were retrieved for analysis.

Patients were included if they had a positive, laboratory-
confirmed test for SARS-CoV-2, and a predefined minimum of
available baseline and follow-up data, including cytokine levels.

The study was approved by the institutional ethics board of
HRC. Due to its retrospective design, the need for informed
consent from individual patients was waived.

Data Collection

Trained physicians extracted data frommedical records for the
period between admission and discharge, death or 19 April
2020, whichever occurred first.

We recorded demographic information, medical history, co-
morbidities, hematologic and other laboratory data, radiologic
findings, and clinical and respiratory variables; details of treat-
ments administered for COVID-19 were also recorded. Patients
were first stratified according to whether or not they had a diag-
nosed AD, and then according to whether they were taking any
drug with an immunomodulatory or immunosuppressive effect.1

Thus, the four cohorts of interest in the study were:

& IS-AD: IS patients with an AD (e.g., multiple sclerosis
[MS] treated with fingolimod);

& NIS-AD: non-IS patients with an AD;
& IS-NAD: IS patients with no AD (e.g., a patient receiving

calcineurin inhibitor therapy after kidney transplantation);
& NIS-NAD: non-IS patients with no AD.

The primary endpoint was the development of severe
ARDS, according to the Berlin Definition [7]. To provide a
pathophysiologic explanation for our results, we compared
cytokine levels between cohorts. The secondary endpoints
were death, and the combined endpoint of death or need for
ventilation. Patients requiring ventilation received either MV
or non-invasive ventilation (NIV), as clinically indicated. For
the purposes of analysis, we did not differentiate between
these treatments.

Cytokine Quantification

Serum cytokines (interleukin [IL]-1β, IL-6, IL-8, IL-10, IL-
12p70, and tumor necrosis factor [TNF]α) were quantified
using the BD Cytometric Bead Array Human Inflammatory

1 Immunomodulation was defined as an immunologic mechanism of action
other than cell depletion. Corticosteroids were considered immunomodulators
at methylprednisolone-equivalent dosages < 1 mg/kg/day, but immunosup-
pressants (i.e., drugs causing cell depletion or function decrease) at
≥ 1 mg/kg/day.
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Cytokines Kit and analyzed with FCAO Array Software v3.0
(both BD Biosciences, Franklin Lakes, NJ, USA).

Statistical Analysis

Continuous variables were described using means and stan-
dard deviations, or medians and interquartile ranges (IQRs),
depending on whether or not data were normally distributed.
Categorical variables were described using absolute and rela-
tive frequencies.

The analysis of variance (ANOVA) or Kruskal-Wallis tests
were used for continuous variables, whereas the chi-squared
or Fisher’s exact test was used to analyze categorical vari-
ables. We used both unadjusted (crude) and multivariate
(adjusted) Cox proportional-hazards models to perform sur-
vival analyses of all outcomes, the adjusted analyses account-
ing for potential confounding factors identified in the literature
(sex, obesity, and age-adjusted Charlson Comorbidity Index
(CCI) score [8]).2 Hazard ratios (HRs) and 95% confidence
intervals (CI) were calculated relative to the NIS-NAD cohort.

All analyses were conducted using Stata® 14 (StataCorp,
College Station, TX, USA) and were two-tailed, with p < 0.05
as the level of significance.

Results

Patient Characteristics

Eight hundred and forty-one patients fulfilled the eligibility
criteria and were screened for inclusion. Forty-eight patients
with a negative RT-PCR test and 4 patients with incomplete
follow-up data were excluded; the remaining 789 participants
were included (Fig. 1).

At admission, 76 patients (9.6%) had at least one AD;
among them, 37 were immunosuppressed (IS-AD cohort),
and 39 were not immunosuppressed (NIS-AD cohort).

Most patients in the study (n = 713; 90.4%) did not have an
AD. However, 26 of these patients were immunosuppressed
(the IS-NAD cohort). By far the largest cohort in the study
was that of patients with neither an AD nor immunosuppres-
sion (NIS-NAD; n = 687).

Sixty-three patients (8.0%) were classed as immunosup-
pressed on admission. The most frequently used immunosup-
pressants were “classical” agents (e.g., mycophenolate mofetil
and calcineurin inhibitors; these were used in 35.1% of IS-AD
patients and 26.9% of IS-NAD patients) and cancer chemo-
therapy (which were used in 46.2% of IS-NAD patients). Full

details of baseline treatments in the IS-AD and IS-NAD co-
horts are shown in Supplementary Table S1 (Electronic
Supplementary Material). Immunosuppressive treatment was
more frequently discontinued at admission in IS-AD (21/37;
56.8%) compared with IS-NAD (11/26; 42.3%) patients.

The median (IQR) time from onset of symptoms to admis-
sion was 7 (5–10) days, and the median duration of hospital-
ization was 14 (10–21) days.

Baseline demographics, clinical data, and laboratory find-
ings are shown in Table 1. The median age of the study pop-
ulation was 64 years, and over 70% were male. There were
significantly fewer men in the IS-AD cohort (45.9%) than in
either the IS-NAD (76.9%; p = 0.02) or NIS-NAD (74.1%;
p < 0.0001) cohorts. Relevant comorbidities were common
in all cohorts, particularly hypertension and obesity; however,
obesity was less prevalent in the IS-AD cohort than in the
other cohorts. As expected, chronic renal disease, active ma-
lignancy, and organ transplantation were significantly more
common in the IS-NAD cohort than in other cohorts.

The median (IQR) CCI score for the overall study
population was 3 (1–4). The highest and lowest values
were in the IS-NAD (score 6) and NIS-NAD (2) co-
horts, respectively; these scores were significantly dif-
ferent to the IS-AD cohort score (3).

Baseline blood gas and hematology data are shown in
Supplementary Table S2 (Electronic Supplementary
Material). Although median leukocyte and neutrophil counts
were within normal ranges, they were lower in the IS-NAD vs
other cohorts.

Outcomes

Severe ARDS developed in 452 (57.3%) patients overall, and
was less frequent among patients with an AD than in those
without (43.4% vs 58.8%). The overall cumulative incidence
of severe ARDS was 18.2% at 7 days from symptom onset,
and 63.4% at 28 days (Supplementary Table S3). After strat-
ifying by AD, cumulative incidence at 7 and 28 days was
15.8% and 43.5%, respectively, in the AD cohort, and
18.5% and 65.8%, respectively, in the NAD cohort (adjusted
HR 0.69; 95% CI 0.48–0.99; p = 0.044).

Immunosuppressed patients with an AD (i.e., IS-AD) had a
significantly reduced risk of developing severe ADRS in com-
parison to patients with neither immunosuppression nor an
AD (NIS-NAD), in both the unadjusted (HR 0.37; 95% CI
0.19–0.68; p = 0.002) and adjusted (HR 0.42; 95% CI 0.23–
0.80; p = 0.008) analyses (Table 2 and Fig. 2). No such reduc-
tion was found in the NIS-AD cohort (adjusted HR 0.96; 95%
CI 0.63–1.47), while in the IS-NAD cohort there was a non-
significant increase in risk relative to the NIS-NAD cohort
(adjusted HR 1.14; 95% CI 0.72–1.81). To investigate the
robustness of these findings, we performed two sensitivity
analyses: (i) using treatments administered during admission

2 The CCI is a weighted index that summarizes, as a single number, comor-
bidities that are associated with increased mortality or resource utilization. Its
use allows multivariate models to be adjusted using a single (instead of mul-
tiple) covariate.
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Fig. 1 Patient inclusion and stratification. COVID-19, coronavirus disease 2019; IS, immunosuppressed; NIS, not immunosuppressed; RT-PCR, reverse
transcriptase–polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2

Table 1 Baseline demographics and clinical data

Parameter All patients
(n = 789)

Autoimmune disease (AD) No autoimmune disease (NAD)

Immunosuppressed
(IS)
IS-AD (n = 37)

Not immunosuppressed
(NIS)
NIS-AD (n = 39)

Immunosuppressed
(IS)
IS-NAD (n = 26)

Not immunosuppressed
(NIS)
NIS-NAD (n = 687)

Age, years (median [IQR]) 64 (54–73) 61 (55–69) 68 (57–77) 65 (56–73) 64 (54–73)
Men, n (%) 569 (72.1) 17 (45.9) 22 (56.4) 20 (76.9)* 509 (74.1)**
Comorbidities, n (%)
Hypertension 353 (44.7) 13 (35.1) 15 (38.5) 10 (38.5) 315 (45.9)
Diabetes 159 (20.2) 3 (8.1) 5 (12.8) 6 (23.1) 145 (21.1)
Obesitya 287 (36.4) 9 (24.3) 15 (38.5) 9 (34.6) 254 (37.0)
Cardiovascular diseaseb 132 (16.7) 5 (13.5) 8 (20.5) 6 (23.1) 113 (16.4)
Chronic renal disease 53 (6.7) 3 (8.1) 3 (7.7) 9 (34.6)* 38 (5.5)‡

Chronic liver diseasec 53 (6.7) 2 (5.4) 2 (5.1) 4 (15.4) 45 (6.6)
Chronic lung diseased 122 (15.5) 8 (21.6) 8 (20.5) 8 (30.8) 98 (14.3)†

Active malignancy 47 (6.0) 2 (5.4) 3 (7.7) 16 (61.5)** 26 (3.8)‡

Malignancy in remission 77 (9.8) 2 (5.4) 9 (23.1)* 7 (26.9)* 60 (8.7)†

Organ transplant 13 (1.6) 1 (2.7) 0 (0.0) 8 (30.8)* 4 (0.6)‡

HIV infection 9 (1.1) 0 (0.0) 0 (0.0) 1 (3.8) 8 (1.2)
Dementiae 28 (3.5) 1 (2.7) 3 (7.7) 0 (0.0) 24 (3.5)

CCI score, median (IQR) 3 (1–4) 3 (2–4) 4 (2–5) 6 (3–8)* 2 (1–4)*‡

Bacterial coinfection, n
(%)

127 (16.1) 7 (18.9) 13 (33.3) 5 (19.2) 102 (14.9)

CCI, Charlson Comorbidity Index; IQR, interquartile range
a Defined as a body mass index ≥ 30 kg/m2

bHeart failure, myocardiopathy, ischemic heart disease, and moderate-severe valvular heart disease
c Chronic hepatitis, cirrhosis, hepatic steatosis, non-alcoholic steatohepatitis
d Chronic obstructive pulmonary disease, obstructive sleep apnea-hypopnea syndrome, asthma, and diffuse interstitial lung disease
e Includes developmental disabilities

*p < 0.05 vs IS-AD; **p < 0.0001 vs IS-AD; † p < 0.05 vs IS-NAD; ‡ p < 0.0001 vs IS-NAD
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Table 2 Unadjusted and adjusted
Cox regression models for time to
severe acute respiratory distress
syndrome (ARDS; the primary
endpoint), death, and the
composite endpoint of
mechanical/non-invasive ventila-
tion or death

Endpoint Unadjusted p value Adjusteda p value

Hazard ratio 95% CI Hazard ratio 95% CI

Time to severe ARDS

IS-AD 0.37 0.19–0.68 0.002 0.42 0.23–0.80 0.008

NIS-AD 0.96 0.63–1.47 0.854 0.96 0.63–1.47 0.85

IS-NAD 1.34 0.86–2.08 0.191 1.14 0.72–1.81 0.566

NIS-NAD (reference) 1

Time to death

IS-AD 0.83 0.30–2.25 0.708 0.82 0.30–2.28 0.71

NIS-AD 0.80 0.35–1.82 0.594 0.55 0.24–1.28 0.165

IS-NAD 3.15 1.76–5.67 < 0.0001 1.71 0.94–3.12 0.081

NIS-NAD (reference) 1

Time to composite of mechanical/non-invasive ventilation or death

IS-AD 0.61 0.31–1.18 0.139 0.66 0.34–1.29 0.23

NIS-AD 1.12 0.69–1.83 0.648 1.05 0.64–1.72 0.86

IS-NAD 1.46 0.88–2.43 0.139 1.14 0.67–1.93 0.62

NIS-NAD (reference) 1

AD, autoimmune disease;CI, confidence interval; IS, immunosuppressed;NAD, no autoimmune disease;NIS, not
immunosuppressed. Italics: differences are statistically significant; hence, p < 0.05
aAdjusted for sex, obesity, and Charlson Comorbidity Index score

280 14 21
0.00

1.00

0.75

0.50

0.25

7
Time (days)

Pr
op

or
�o

n 
fr

ee
 o

f s
ev

er
e 

AR
DS

37

39

26

687

34

34

23

591

29

21

13

364

26

16

6

276

18

9

5

218

No. at risk:

IS-AD

NIS-AD

IS-NAD

NIS-NAD (ref)

adjusted HR 0.42 (p=0.008)

Fig. 2 Kaplan-Meier survival estimates for severe acute respiratory
distress syndrome (ARDS) according to immunosuppression and autoim-
mune disease (AD) among 789 patients hospitalized with COVID-19.

COVID-19, coronavirus disease 2019; HR, hazard ratio; IS, immunosup-
pressed; NAD, no autoimmune disease; NIS, not immunosuppressed; ref,
reference
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as time-dependent covariates; and (ii) according to whether or
not immunosuppressive treatment was discontinued on admis-
sion. Both sensitivity analyses yielded similar results to the
base-case (Supplementary Tables S4 and S5).

Serum levels of IL-6 were available for 789 patients. We
excluded data from patients receiving either interferon-β or
high doses of corticosteroids (≥ 250 mg/day methylpredniso-
lone equivalent) prior to blood sampling (n = 136), leaving a
sample size of 653 patients. The median time between onset of
symptoms and IL-6 measurement for included patients was 11
(IQR 8–14) days, with no differences between cohorts. IL-6
levels were found to be significantly higher in the IS-NAD
cohort compared with either the IS-AD or NIS-NAD cohorts
(Fig. 3 and Supplementary Table S4). In contrast, there were
no significant differences between any of the cohorts in serum
levels of IL-1B, IL-8, IL-10, IL-12p70, or TNF-α.

A final outcome (death or discharge) was observed in 603
(76.4%) patients. A total of 124 patients (20.6%) died between
admission to HRC and 19 April 2020, with death occurring at
a median of 16 (IQR 9–23) days after symptom onset and 13
(IQR 8–19) days after hospitalization. No patients died be-
tween discharge and the end of follow-up. We did not find
any significant differences between the NIS-NAD and other
cohorts in mortality rates; however, among those without an
AD, there was a trend towards an increased risk of death in
immunosuppressed (IS-NAD) vs non-immunosuppressed
(NIS-NAD) patients (adjusted HR 1.71; 95% CI 0.94–3.12;
p = 0.081; Table 2). Before adjustment, the difference

between these two cohorts was highly statistically significant
(HR 3.15; 95% CI 1.76–5.67; p < 0.0001).

The overall cumulative incidence of mortality at 14 and
28 days from symptom onset was 8.2% and 24.1%, respec-
tively (Supplementary Table S5). There were no significant
differences in mortality at 14 and 28 days between patients
with an AD (4.5% and 23.4%, respectively) and those with no
AD (8.6% and 24.2%, respectively) (adjusted HR 0.60; 95%
CI 0.31–1.16; p = 0.13).

Overall, the composite endpoint of MV/NIV or death was
observed in 9.4% and 46.4% of patients after 7 and 28 days,
respectively (Supplementary Table S6). Results at these time-
points were similar in the AD (15.8% and 41.1%) and NAD
(18.5% and 58.8%) cohorts (adjusted HR 0.86; 95% CI 0.57–
1.30; p= 0.48). We did not find any significant differences be-
tween the NIS-NAD and other cohorts on this endpoint (Table 2).

Severa l d rugs were used to t rea t COVID-19
(Supplementary Table S7). Consistent with findings on serum
IL-6 levels (Fig. 3 and Supplementary Table S3), patients in
the IS-NAD cohort were significantly more likely than those
in the IS-AD and NIS-NAD cohorts to receive tocilizumab;
patients in the NIS-NAD cohort were more likely to receive
lopinavir/ritonavir than those in the IS-NAD cohort. No other
significant differences in COVID-19 treatments were found.

Discussion

Although most individuals with SARS-CoV-2 infection expe-
rience no or only mild clinical symptoms, a small proportion
of patients will require hospitalization and progress to severe
ARDS, multiple organ failure and death, sometimes accom-
panied by vasculitis and dysregulated coagulation [9].
COVID-19-related death results, in most cases, from respira-
tory failure, cardiac injury, or both [10]. Well-established pre-
dictors of this more severe clinical course include older age,
male sex, and underlying comorbidities [2, 11, 12].

Based on experience with respiratory viruses such as influ-
enza [13], concerns were initially expressed that immunosup-
pressed individuals might be at increased risk of developing a
more severe clinical illness. However, multiple studies have
now shown that severe COVID-19 is caused by the develop-
ment of a hyper-inflammatory state, characterized by dysreg-
ulation of the immune system and cytokine storm: the uncon-
trolled, excessive release of pro-inflammatory Th1-associated
cytokines and chemokines, including interferon-γ, IL-1β, IL-
6, TNF-α, monocyte chemoattractant protein-1 (MCP-1), and
CXCL10 [9]. In this sense, COVID-19 has a similar underly-
ing pathophysiology to SARS and Middle East respiratory
syndrome (MERS) [9, 14, 15]. Thus, several immunomodu-
latory drugs are being investigated for the treatment of
COVID-19 [9, 16].

Fig. 3 Serum levels of interleukin (IL)-6 according to immunosuppression
and autoimmune disease (AD). IS, immunosuppressed; NAD, no
autoimmune disease; NIS, not immunosuppressed. For each cohort, the
symbols represent the median value and the whiskers show the
interquartile range. *p = 0.0328; **p = 0.0057
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Other evidence suggests that the pathologic hyperactivity
of the innate immune system observed in severe COVID-19
may be caused by a deficit in the adaptive immune response
caused in turn by immunosenescence, immunosuppression, or
virus-induced lymphopenia [17]. This is suggested by the high
levels of IL-6 and IL-10 that are seen in patients with severe
disease [18]. The lack of an effective T cell response may
hinder viral clearance, allowing a sustained, deleterious innate
immune response to develop. This hypothesis is consistent
with the observed associations between more severe disease,
older age [11], and lymphopenia [18].

Thus, it is important to ascertain the impact of immunosup-
pression and autoimmunity on the clinical course of COVID-
19. In a series of 82 patients with confirmed or highly
suspected COVID-19, all of whom had an AD, patients who
did not require hospital treatment for COVID-19 were more
likely to be on immunosuppressive therapy than those who
were hospitalized (76% vs 50%) [19]. In an Italian study, 123
of 784 (15.7%) patients with MS and suspected or confirmed
COVID-19, 83% whom were receiving disease-modifying
therapy (DMT) for MS, had a severe course of infection
[20]; this was a similar percentage to that reported in the gen-
eral population [21]. In univariate analysis, the odds of severe
COVID-19 were significantly higher in patients not receiving
DMT (OR 2.83; p < 0.001), but varied according to the spe-
cific drug used in DMT-treated patients. Thus, relative to di-
methyl fumarate, a greater risk of severe COVID-19 illness
was observed for anti-CD20 therapies (ocrelizumab and ritux-
imab; OR 2.93; p = 0.003), but not for other MS treatments
such as interferon-beta, fingolimod, and natalizumab [20].

Several recent observational studies and case series support
the hypothesis that immunosuppression, whether pathologic or
therapeutic, may reduce the risk of severe COVID-19 illness.
For example, although patient numbers are low, preliminary
findings suggest that most patients with agammaglobulinemia
[22, 23] and many of those with other inborn errors of immunity
[24] have a mild course of COVID-19 disease, and do not re-
quire admission to intensive care or MV. Additionally, it has
been suggested that treatment with a Bruton tyrosine kinase
inhibitor may protect against severe respiratory disease in pa-
tients with a B cell malignancy and COVID-19 [25, 26].

Overall, these findings indicate that the relationship be-
tween immune function and COVID-19 outcomes is highly
complex, and warrants further investigation.

In an initial study of 138 patients admitted to HRC with
confirmed or highly suspected COVID-19, moderate or severe
ARDS was significantly less likely to develop in (non-
severely) immunosuppressed compared with non-
immunosuppressed individuals (22.2% vs 49.5%; p = 0.004).
However, further analysis showed that, in this population of
non-severely immunosuppressed individuals, only those with
an AD had a reduced risk of moderate or severe ARDS (ad-
justed OR 0.12; p = 0.007) [6].

Clearly, immunosuppressed individuals are not a homoge-
neous group. Many patients will have demographic character-
istics or comorbidities that modify their risk for severe
COVID-19 disease. For this reason, we undertook the present,
more complex, study of consecutive admissions to HRC. As
expected, we found that patients who were immunosup-
pressed and had an AD (the IS-AD cohort) had a significantly
reduced risk of progressing to severe ARDS relative to those
with neither an AD nor immunosuppression. However, no
such reduction in risk was seen for immunosuppressed pa-
tients who did not have an AD. Indeed, there were proportion-
ately more cases of severe ARDS, and more deaths, in this
group than in the NIS-NAD cohort, even after adjusting for
sex, obesity, and CCI score.

Most patients in the IS-NAD cohort had a history of ma-
lignant disease or were solid organ transplant recipients. In a
recent large database study in the UK, malignant disease and
solid organ transplantation were associated with significantly
elevated risks of in-hospital death among patients with
COVID-19 [27]. A possible explanation for our observation,
therefore, is that the inherent lymphocyte activation present in
AD counteracts the detrimental effect of mild-to-moderate
immunosuppression, whereas this does not occur in other im-
munosuppressed patients. This idea is supported by recent
reports of more severe COVID-19 disease and/or higher mor-
tality among patients with immunosuppression related to he-
matologic malignancy [27–29] or solid organ transplantation
[27, 30, 31] compared to non-immunosuppressed individuals.
However, not all studies of COVID-19 in solid organ trans-
plant recipients have found unequivocal evidence of more
severe disease and/or an increased risk of death in this popu-
lation compared with controls [32, 33].

We found significantly higher levels of IL-6 in patients in the
IS-NAD cohort, compared with either the IS-AD or NIS-NAD
cohorts; elevated IL-6 levels have been associated with poor
outcomes in patients with COVID-19 [18]. Consistent with this,
patients in the IS-NAD cohort were more likely to be prescribed
tocilizumab than those in other cohorts. Interestingly, however,
we did not find significant differences between cohorts in any of
the other cytokines measured. Our observations support previous
findings suggesting that IL-6 up-regulation may derive from a
suboptimal lymphocyte response [17], and show that adaptive
immune cell activation may be beneficial in COVID-19, even if
patients are receiving IS treatment. Furthermore, cytokine storm
appears to be restricted in patients with COVID-19 to IL-6 pro-
duction, although a localized increase in IL-1β in the lungs can-
not be completely excluded.

There are obvious limitations in a single-center study of
this type. First, we included only hospitalized patients, and
this limits the generalizability of our findings. The require-
ment for cytokine level data would also have favored the
inclusion of more severely ill patients. Second, although the
sample size was large, there was significant imbalance
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between the cohorts. Three of the cohorts had fewer than 40
patients each, while the NIS-NAD cohort had over 600. Third,
the relatively short follow-up time means that some events of
interest may have occurred after the cut-off date. Fourth, we
selected severe ARDS as the endpoint of interest, but cytokine
s torm—which we suggest may be abrogated by
immunosuppression—has other life-threatening sequelae, in-
cluding multiple organ failure, cardiac injury, and renal im-
pairment [10, 12, 34, 35]. We did not specifically consider
these outcomes. Lastly, standardized care pathways and
evidence-based treatment protocols for COVID-19 have not
yet been developed, and differences in the management of the
disease could have affected outcomes or introduced bias.

Despite these limitations, we believe our findings could have
direct relevance to physicians treating immunosuppressed pa-
tients with an AD. Suspension of effective immunosuppressive
treatment in these patients may jeopardize AD disease control,
with potentially serious consequences [36, 37]. Such action may
not be necessary; however, careful, tailored decision-making,
taking into account all of an individual’s known risk factors, is
critical. In contrast, our findings in non-AD immunosuppressed
patients suggest that immunosuppressionmay increase the risk of
severe COVID-19 outcomes in patients with cancer and recipi-
ents of a solid organ transplant.

In conclusion, among hospitalized patients with COVID-
19, those with immunosuppression and an AD appear signif-
icantly less likely to progress to severe ARDS than patients
with neither immunosuppression nor an AD. Further studies,
utilizing a prospective design and a larger sample size would
provide valuable additional information on the role of immu-
nosuppression in COVID-19.
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