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1 | INTRODUCTION

| Jonathan X. Li%?

Abstract

Though it is widely believed that chronic immunosuppressive medications increase
the severity of coronavirus disease 2019 (COVID-19) illness, there is little data to
support this. We performed a retrospective study of COVID-19 positive patients
diagnosed at a single academic medical center between March 10, 2020 and Oc-
tober 13, 2020. A total of 835 patients diagnosed with COVID-19 by polymerase
chain reaction were included (median age 64 years; 52% female). Of these, 46 (5.5%)
had a prescription for an immunosuppressive therapy before diagnosis, most com-
monly oral steroids (20, 43%), mycophenolate (12, 26%), or tacrolimus (11, 24%).
Patients on immunosuppressive therapy with COVID-19 had increased mortality
(30% vs. 17%, p = 0.036; odds ratio 2.1, 95% confidence interval 1.11-4.04), which
remained significant (p=0.040) after performing multivariate logistic regression
controlling for gender, age, race, and comorbidity status. Laboratory markers of
inflammation were uniformly elevated in both patients on or not on im-
munosuppressive therapies who died, but lymphocytes and neutrophils were de-
creased in both COVID-19 patients on immunosuppressive therapies who died and
who remained alive. These findings demonstrate that COVID-19 disease is more
severe in patients taking prior immunosuppressive medications. This finding em-
phasizes the need for aggressive monitoring and supportive care for im-

munosuppressed patients who are diagnosed with COVID-19.
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as well as reports of a rare but detrimental multisystem in-

flammatory syndrome in children with COVID-19,° have implicated

Early clinical studies®? demonstrated that severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection can lead to a severe
respiratory illness, with ensuing intensive care unit admission and
high mortality. More recent analyses have raised concern that
aberrant inflammation is present in a subgroup of patients with se-
vere coronavirus disease 2019 (COVID-19) and is a major con-

3-7

tributor to mortality. Retrospective studies describing an

inflammatory cytokine profile in patients with severe COVID-19,%?

immune dysregulation in disease severity. Characterization of the
immune system in patients with severe versus mild COVID-19, as
well as the potential mechanisms by which aberrant inflammation
can lead to the severe respiratory illness associated with severe
COVID-19, is necessary.

Immunosuppression is considered a risk factor for SARS-CoV-2
infection, but the implications of prior immunosuppressive therapies

after a patient has become infected remain unclear.****? Early case
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studies of patients on disease-modifying antirheumatic drugs
(DMARDs) or immunosuppressive therapy with COVID-19 revealed
that the majority of patients only develop mild disease.>** Patients
with rheumatic disease on prior DMARD therapy who contracted
COVID-19 had varying disease severity that was associated with
both known risk factors and rheumatic disease severity.>*¢ These
early observations in both adults with severe COVID-19 and children
suggest that aberrant inflammatory responses might be responsible
for the high mortality observed in patients with severe COVID-19. It
has therefore been proposed that prior immunosuppressive thera-
pies might paradoxically improve outcomes in an inpatient setting,'?
although the relative role of immunosuppressive therapy in early
versus late disease and its impact on COVID-19 outcomes
remain unknown.

Clinical management of immunosuppressed patients with
COVID-19, including HIV patients,’” solid organ transplant re-
cipients,*® patients undergoing irradiation or taking chemotherapy,*’

2021 4s currently un-

13,22-25

and patients with primary immunodeficiencies,
dergoing continual reevaluation. Small observational studies
and recent randomized control trials?>?’ have provided conflicting
evidence of the impact of immunomodulatory drugs, such as corti-
costeroids, DMARDs, and biologics like tocilizumab, on COVID-19
outcomes. Here, we seek to clarify the role of pre-existing im-
munosuppressive therapies in COVID-19 outcomes after SARS-CoV-
2 infection. While immunosuppression might be beneficial in later
stages of the disease, we hypothesize that patients on im-
munosuppressive therapy before contracting SARS-CoV-2 develop
more severe COVD-19 due to the beneficial role of the antiviral
immune response during early disease. Through a retrospective case
series of 835 patients with COVID-19, we found that patients with

prior immunosuppressive therapy have worse outcomes.

2 | METHODS

2.1 | Study design

This study was conducted at the Beth Israel Deaconess Medical
Center (BIDMC) in Boston. The BIDMC Institutional Review Board
approved this retrospective cohort study (2020P000699) as minimal
risk using data collected during routine clinical care and waived the
requirement for informed consent. Protected health information was
handled in accordance with HIPAA and BIDMC Committee on
Clinical Investigation (CCI) regulations. BIDMC patients with con-
firmed SARS-CoV-2 infection by the positive result of nasophar-
yngeal sample polymerase chain reaction between March 10, 2020
and October 13, 2020 were included.

Data were obtained from the BIDMC COVID-19 Observational
Research Effort (CORE) Data Registry REDCap database and BIDMC
INSIGHT CORE service. Length of admission was determined by the
number of days between admit and discharge dates per individual
patient. Length of admission values were excluded for patients still
admitted at the time of data acquisition. The number of encounters
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was determined by the number of unique inpatient or outpatient
encounters after the earliest COVID-19 test. Encounter type was
noted for each patient; for patients with multiple encounters of
different types, inpatient encounters were given priority over out-
patient encounters. Signs and symptoms at presentation and during
the course of hospitalization were coded into categorical variables.
Mean, minimum, and maximum of all recorded vital and laboratory
values were calculated for each individual patient. Ventilation status,
supplemental O, requirement, length of ICU admission, and dis-
charge disposition were obtained from inpatient records.

Patient demographics, including age, gender, race, ethnicity, lan-
guage, zip code, blood type, and substance use were obtained from
outpatient records. Medication lists were curated for each patient by
filtering for medications with prescription dates relative to the earliest
COVID-19 test date. Medications at presentation were determined by an
active prescription at the time of COVID-19 diagnosis, and newly pre-
scribed medications were determined by a prescription date after
COVID-19 diagnosis. Medication lists were annotated using the US FDA
National Drug Code Directory (downloaded on June 18, 2020) and
searching each patient's medication list for the presence of the
FDA-recognized nonproprietary drug name for selected medications.
Immunosuppressive drugs were defined to include oral steroids, le-
flunomide, azathioprine, cyclophosphamide, cyclosporine, methotrexate,
tacrolimus, and mycophenolate. Comorbidities were annotated by
searching each patient's past medical history by ICD-10-CM code for
recognized risk factors for COVID-19,>%® including asthma (J45), chronic
obstructive pulmonary disease (J44), chronic kidney disease (N18), can-
cer (CO0-C96), hypertension (110-116), diabetes (E08-E13), coronary ar-
tery disease (125), and obesity (E66).

COVID-19 severity was graded by the NIH Ordinal Severity
Scale. Patients were stratified into eight groups with lower scores
corresponding to greater severity: (1) death, (2) invasive mechanical
ventilation, (3) noninvasive ventilation, (4) supplemental oxygen,
(5) no supplemental oxygen but requiring medical care, (6) no sup-
plemental oxygen and not requiring medical care, (7) limitation in
activities, or (8) no limitation in activities.

2.2 | Statistical analysis

Categorical variables are presented as frequency rates and per-
centages, and continuous variables are presented as median and
interquartile range. Nonparametric tests of association were
used throughout this study unless noted otherwise. Comparisons
between binary categorical variables were calculated as odds
ratios and p values were calculated by;(2 test. Comparisons be-
tween numerical variables and binary categorical variables were
performed by Mann-Whitney U test. Comparisons between
continuous variables, including ordered discrete variables, were
quantified by the Spearman rank correlation coefficient (rho).
Hazard ratios (HRs) were calculated using a Cox proportional
hazards regression model with time-dependent incorporation
by the formulation of Andersen and Gill, and p values were
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Demographics, comorbidities, and outcomes of patients with COVID-19 on or not on prior immunosuppressive therapy

Immunosuppressive therapy

Comorbidities available

Hypertension

Chronic kidney disease
Diabetes

Obesity

Rheumatologic disease
Autoimmune disease
Cancer

COPD

Asthma

Coronary artery disease

Cerebrovascular disease
Immunosuppressive therapy

Oral steroid
Leflunomide
Azathioprine
Cyclophosphamide
Cyclosporine

Methotrexate

MEDICAL VIROLOGY
TABLE 1
Overall
(N =835)

Gender 0.306

Female 438 (52%)

Male 397 (48%)

Age 64 (50-76)
Race 0.133

Native American 1 (0%)

Asian 31 (4%)

Black 253 (30%)

Declined 1 (0%)

Native Hawaiian 2 (0%)

Other 90 (11%)

Unknown 94 (11%)

White 363 (43%)
ABO type 0.645

A 71 (9%)

AB 11 (1%)

B 40 (5%)

(6] 104 (12%)

Missing 609 (72.9%)

BMI 29 (25-34)

549 (66%)
347 (63%)
144 (26%)
224 (41%)
167 (30%)
127 (23%)
49 (9%)
131 (24%)
72 (13%)
81 (15%)
130 (24%)
67 (12%)

20 (2%)
3 (0%)
4 (0%)
1 (0%)
5 (1%)
5 (1%)

(N=789)

410 (52%)
379 (48%)
64 (49-76)

1 (0%)
30 (4%)
239 (30%)
1 (0%)

1 (0%)
86 (11%)
92 (12%)
339 (43%)

61 (8%)

9 (1%)
37 (5%)
93 (12%)

589 (74.7%)
29 (25-34)
511 (65%)
316 (62%)
127 (25%)
204 (40%)
151 (30%)
113 (22%)
38 (7%)
121 (24%)
64 (13%)
74 (14%)
114 (22%)
61 (12%)

0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

(N =46)

28 (61%)
18 (39%)
65 (58-71)

0 (0%)
1 (2%)
14 (30%)
0 (0%)
1 (2%)
4 (9%)
2 (4%)
24 (52%)

10 (22%)

2 (4%)

3 (7%)
11 (24%)
20 (43.5%)
28 (23-33)
38 (83%)
31 (82%)
17 (45%)
20 (53%)
16 (42%)
14 (37%)
11 (29%)
10 (26%)

8 (21%)

7 (18%)
16 (42%)

6 (16%)

20 (43%)
3 (7%)
4 (9%)
1 (2%)
5 (11%)
5 (11%)

p value

0.615

0.103

0.0238
0.0125
0.172
0.15
0.0604
<0.001
0.864
0.21
0.672
0.0101
0.658
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TABLE 1 (Continued)
Overall No immunosuppressive therapy Immunosuppressive therapy
(N =835) (N=789) (N =46) p value
Tracrolimus 11 (1%) 0 (0%) 11 (24%)
Mycophenolate 12 (1%) 0 (0%) 12 (26%)
Vitals
Respiratory rate 19 (18-21) 19 (18-21) 20 (18-22) 0.529
Heart rate 85 (76-94) 85 (76-94) 86 (71-96) 0.765
Tmax 100 (99-100) 100 (99-100) 100 (100-100) 0.156
SBP (minimum) 99 (91-110) 100 (91-110) 92 (84-100) 0.0144
DBP (minimum) 57 (49-65) 57 (50-65) 50 (44-62) 0.00688
Status 0.615
Inpatient 656 (79%) 618 (78%) 38 (83%)
Outpatient 179 (21%) 171 (22%) 8 (17%)
ICU admission 133 (16%) 114 (14%) 19 (41%) <0.001
ICU days 8.0 (3.0-17) 8.0 (3.0-17) 14 (8.5-23) 0.00349
Outcomes
Supplemental O, 336 (40%) 312 (40%) 24 (52%) 0.123
Mechanical ventilation 196 (23%) 179 (23%) 17 (37%) 0.0413
Total encounters 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 0.881
Length admission 9.0 (5.0-18) 9.0 (5.0-17) 16 (10-30) <0.001
Ordinal score 4.0 (2.0-5.0) 4.0 (2.0-5.0) 2.5 (1.0-4.0) 0.0206
Death 149 (18%) 135 (17%) 14 (30%) 0.0361

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; DBP, diastolic blood

pressure; ICU, intensive care unit; SBP, systolic blood pressure.

calculated using the Wald test statistic. To account for con-
founding variables, sensitivity analyses were performed using a
binomial generalized linear model with iteratively reweighted
least squares for multivariate regression.

All analyses were performed in R (version 3.6.1). Bar graphs and
violin plots were created using ggpubr (version 0.4.0), Kaplan-Meier
plots were created using survminer (version 0.4.8) and survival
(version 3.2-7), and scatter plots and forest plots were created using
ggplot2 (version 3.3.0).

3 | RESULTS

A total of 835 patients with PCR confirmed SARS-CoV-2 infection
were included (Table 1). The median age was 64 years (interquartile
range [IQR], 50-76 years) and 438 (52%) were female. Of these
patients, 363 (43%) were white and 253 (30%) were black. Medical
history was available for 549 patients and among these patients,
common comorbidities included hypertension (347; 63%), diabetes

(224; 41%), obesity (157; 30%), chronic kidney disease (144; 26%),
and cancer (131; 24%). Most patients had an elevated temperature
(median Tmax 100; IQR 99-100) and were tachypneic (median 19;
IQR 18-21) but had normal heart rates (median 85; IQR 76-94). As
of December 1, 2020, 656 (79%) patients required hospitalization,
336 (40%) required supplemental oxygen, and 133 (16%) required
intensive care unit (ICU) stays. NIH Ordinal Scoring was available for
322 patients, and the mean ordinal score was 3.7 (SD 1.7). Overall,
149 (18%) patients died at the time of censoring.

Of the 835 patients with COVID-19, 46 (5.5%) had prescriptions
for immunosuppressive therapies at the time of COVID-19 diagnosis.
A spectrum of immunosuppressive medications was represented: 20
(43%) were prescribed oral steroids, 12 (26%) were prescribed my-
cophenolate, 11 (24%) were prescribed tacrolimus, 5 (11%) were
prescribed methotrexate, 5 (11%) were prescribed cyclosporine,
4 (9%) were prescribed azathioprine, 3 (7%) were prescribed le-
flunomide, and 1 (2%) was prescribed cyclophosphamide. Patients on
immunosuppressive therapies were more likely to have hypertension
(82% vs. 65%, p=0.024), chronic kidney disease (45% vs. 25%,
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p =0.013), autoimmune disease (29% vs. 7%, p < 0.001), and coronary
artery disease (42% vs. 22%, p = 0.01).

Patients with COVID-19 having prior immunosuppressive ther-
apy had significantly greater mortality (30% vs. 17%, p = 0.036), had
longer lengths of hospitalization (median 16 days vs. 9 days,
p <0.001), had longer ICU stays (median 14 vs. 8 days, p = 0.0035),
were more likely to require mechanical ventilation (37% vs. 23%,
p =0.041), and had lower ordinal scores (median 2.5 vs. 4, p=0.021)
(Table 1 and Figure 1A). Fraction of patients requiring supplemental
oxygen, number of encounters, and hospitalization rate were not
significantly altered in immunosuppressed patients. Maximum tem-
perature, average respiratory rate, and average heart rates were not
different in immunosuppressed patients, although minimum systolic
blood pressure and diastolic blood pressure were decreased in im-
munosuppressed patients (Table 1). Kaplan-Meier analysis of patient
survival after COVID-19 diagnosis revealed that pre-existing im-
munosuppressive therapy increased the risk of death (HR 1.8, 95%
confidence interval 1.04-3.13; p =0.033).

To account for the increased age and comorbidities of patients on
immunosuppressive therapies, we performed sensitivity analysis. We
built a multivariate logistic regression model to predict mortality
among patients with COVID-19 based on immunosuppressive therapy
use, gender, age, race, and comorbidity status (Table 2). After sensitivity
analysis, immunosuppressive therapy use remained a significant predictor
of mortality in patients with COVID-19 (p =0.032). Gender, race, and
most comorbidities were not significant predictors of mortality in our
model. These results suggest that prior immunosuppressive therapy in-
creases COVID-19 patients’ risk of dying independent of other risk fac-
tors for COVID-19 mortality.

To further investigate the underlying clinical characteristics of
patients with COVID-19 on immunosuppressive therapies, we com-
pared laboratory values of patients with COVID-19 on the basis of
mortality. Patients on immunosuppressive therapies had decreased
albumin compared with patients not on immunosuppressive thera-
pies who did not die. However, this difference was not present be-
tween patients on or not on immunosuppressive therapies who died
(Figure 1B). Both patients on or not on immunosuppressive therapies
had increased creatinine, phosphate, C-reactive protein, partial
thromboplastin time (PTT), lactate dehydrogenase, and p-Dimer if
they died. These results suggest that these markers of inflammation
are altered in patients with severe COVID-19 regardless of im-
munosuppressive therapy. In contrast, minimum lymphocyte count
and neutrophil count were decreased in both patients on im-
munosuppressive therapies who died and who were still alive, sug-
gesting that lymphocytes and neutrophils are fundamentally
decreased in immunosuppressed patients regardless of COVID-19
severity. Together, these results suggest that systemic inflammation
and adaptive immunity are distinctly altered with both im-
munosuppressive therapy and COVID-19 severity.

We next compared correlates of COVID-19 severity in patients
on immunosuppressive therapy to examine how immunosuppression
affects risks or consequences of severe COVID-19. We calculated
the Spearman correlation of continuous clinical metrics available in
our cohort and total length of hospitalization for both patients on or
not on immunosuppressive therapies and compared the ratios of
these coefficients to identify disparate correlations. Among the
clinical metrics tested, correlation with patient age was significantly
altered between immunosuppressed and nonimmunosuppressed
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FIGURE 1 Prior immunosuppressive therapy is associated with coronavirus disease 2019 (COVID-19) severity. (A) Violin (top) and box plot
(bottom) of lengths of admission or ordinal scores of patients with COVID-19 on (blue) or not on (red) immunosuppressive therapy.
Mann-Whitney U test p value shown. (B) Violin plots of indicated laboratory values from patients with COVID-19 grouped by
immunosuppressive therapy and mortality. Mann-Whitney U test p value shown. (C) Scatter plot of patient age compared with the length of
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TABLE 2 Sensitivity analysis of the
association between COVID-19 mortality
and prior immunosuppressive therapy

Gender

Age

Race

Hypertension

Chronic kidney disease
Diabetes

Obesity
Rheumatologic disease
Autoimmune disease
Cancer

COPD

Asthma

Coronary artery disease

Cerebrovascular disease

Immunosuppressive therapy

MEDICAL VIROLOGY
Estimate Std. Error z value Pr(>|z|)
0.93995 0.439313 2.139589 0.032388
0.219933 0.267067 0.823511 0.410217
0.056914 0.01108 5.136645 2.80E-07
-0.041459 0.05468 -0.758217 0.448321
-0.606853 0.364991 -1.662653 0.096382
0.360849 0.308519 1.169618 0.242155
0.523068 0.29278 1.786559 0.074009
0.467486 0.307904 1.518285 0.128943
-0.114236 0.302221 -0.37799 0.705438
-0.724481 0.510117 -1.420223 0.155543
0.502552 0.276656 1.816521 0.06929
-0.182472 0.372502 -0.489855 0.624236
0.56945 0.392756 1.449881 0.147092
0.220466 0.30681 0.718576 0.472402
0.744446 0.328264 2.267831 0.02334

Abbreviations: COVID-19, coronavirus disease 2019; COPD, chronic obstructive pulmonary disease.

patients: in immunosuppressed patients increasing patient age was
not associated with increased length hospitalization (Spearman's
rho =-0.05, p = 0.75), whereas increasing patient age was associated
with increased length of hospitalization in nonimmunosuppressed
patients (Spearman's rho=0.19, p=6.2x107’) (Figure 1C). These
results suggest that in patients on immunosuppressive therapies,
length of hospitalization is uniquely independent of patient age and
that increased COVID-19 severity observed in patients on im-

munosuppressive therapies might be independent of patient age.

4 | DISCUSSION

Here, we identify prior immunosuppressive therapy as a unique risk
factor for severe COVID-19. Although considered a risk factor for
contracting COVID-19, the role of immunosuppression after SARS-
CoV-2 infection has not been extensively studied.**??’ Through a
retrospective cohort analysis of 835 patients with COVID-19, we
found that patients with prescriptions for immunosuppressive
therapies at the time of diagnosis had an increased risk of mortality
and longer lengths of hospitalization. Sensitivity analysis confirmed
that this association was independent of gender, race, and co-
morbidities. These findings confirm that COVID-19 disease severity
is increased in patients on prior immunosuppressive therapies.

The pathogenesis of severe COVID-19 is currently believed to be
driven by both direct viral-mediated injury and aberrant host antiviral
inflammatory responses.*”*° Given the contradictory role of the immune
system in both of these processes, immunosuppressive therapy has the
potential to affect both mechanisms of COVID-19 pathogenesis. In

contrast to the established benefit of immunosuppressive therapies, such
as dexamethasone in severe COVID-19,°*%? our findings suggest that
prior immunosuppressive therapy predisposes patients with COVID-19
to worse outcomes. We propose that pre-existing immunosuppression
hinders host immune responses from preventing viral-mediated injury,
allowing COVID-19 to progress to severe disease. Prior im-
munosuppression might also lead to uncontrolled viral replication at the
onset of disease, leading to higher viral load at presentation, which has
been associated with worse COVID-19 prognosis.®>** Mechanisms of
immunosuppression might be fundamentally different in patients with
prior immunosuppressive therapy and those taking dexamethasone after

disease onset,*>%

and these differences in immunophenotype likely ac-
count for differences in COVID-19 outcomes.®%%”~%7 Ultimately, these
results suggest that the type, mechanism, and timing of im-
munosuppression are critical in determining its effect on COVID-19 pa-
thogenesis and severity.

Mounting evidence has implicated dysregulated immune responses
in severe COVID-19.>%111140 Elevated LDH, CRP, p-Dimer, creatinine,
and PTT are characteristic of severe COVID-19,°%** and we observed
similar elevations of these hematologic inflammatory markers in both
patients on or not on immunosuppressive therapies. These results sug-
gest that patients with prior immunosuppressive therapy are still at risk
for developing the dysregulated immune responses and hyperinflamma-
tion characteristics of severe COVID-19. However, as the role of immune
dysregulation in COVID-19 mortality remains unclear, and without cause
of death or autopsy information, our study does not answer whether the
increased mortality observed in patients with COVID-19 on im-
munosuppressive therapy is due to COVID-19 itself or complications of
the underlying therapy. We also observed that patients with COVID-19
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on immunosuppressive therapy who died have an even greater degree of
lymphopenia, which has also been associated with severe COVID-19.1%4*
Together these results suggest that immunosuppressive therapy both
hinders adaptive immune responses and does not prevent hyperin-
flammation, both of which likely contribute to COVID-19 severity.>***
These findings illustrate the importance of considering mechanisms when
implementing immunosuppressive agents for COVID-19 therapy.

We also observed that age was not correlated with length of
hospitalization in patients with COVID-19 on immunosuppressive
therapy, in contrast to the well-established positive correlation be-
tween age and COVID-19 severity.”*? This observation might sug-
gest that COVID-19 severity is independent of age in patients on
immunosuppressive therapy. Alternatively, we might have failed to
observe an age-related correlation with disease severity in patients
with COVID-19 on immunosuppressive therapy because the length
of hospitalization was determined by clinical complications or deci-
sions related to the immunosuppressive therapy itself rather than
COVID-19 severity in patients on immunosuppressive therapy. Re-
gardless of the cause of the observed discrepancy in correlation,
these results suggest that the length of hospitalization of patients
with COVID-19 on immunosuppressive therapy cannot be de-
termined by patient age alone.

There are several limitations to this study. This retrospective
study is limited to patients who sought care at our hospital and
obtained a laboratory-confirmed COVID-19 diagnosis between
March 10, 2020 and October 13, 2020 and had available medication
history. We are therefore likely undersampling less severe patients
with COVID-19 and asymptomatic SARS-CoV-2 infections.”® This
limitation is reflected in the older age of our cohort, likely con-
tributing to the higher mortality rate reported here. Furthermore,
over the course of this study therapeutic approaches to treating
COVID-19 and the demographics of the SARS-CoV-2 infected
population evolved, leading to notable improvements in overall
mortality rates.** However, we expect both of these sampling biases
to affect patients on and not on immunosuppressive therapy simi-
larly, and therefore not influence the increased mortality rate ob-
served in patients with COVID-19 on immunosuppressive therapy.
We also did not observe significant associations between prior an-
tirheumatic therapy with mortality in patients with COVID-19, which

is consistent with other observational studies,?>**

although our co-
horts are small and larger studies are needed to confirm these
findings.

Ultimately our study is limited to defining a cohort by active
prescriptions at the time of COVID-19 diagnosis; we do not know
whether these medications were continued or discontinued following
COVID-19 diagnosis, and therefore cannot make conclusions about
the use of immunosuppressive therapies during COVID-19. We are
also limited to assuming patients who had prescriptions were taking
their medications, which might be confounded by nonadherence.
Furthermore, prior immunosuppressive therapy use is necessarily
confounded by heterogenous diseases or factors that led to that
therapy, which themselves might influence COVID-19 severity. For
example, recent reports have suggested that patients with more

severe rheumatologic disease might have poorer COVID-19 out-
comes.'>*¢4” We account for this in our sensitivity analysis, which
revealed that immunosuppressive associated
with COVID-19 mortality independent of comorbidity status. With

these limitations in mind, our findings reflect the consequences of

therapy s

taking immunosuppressive therapies at the time of SARS-CoV-2
infection.

What precautions patients on immunosuppressive therapy must
take has remained unclear over the course of this pandemic. Whe-
ther immunosuppressed patients who contract COVID-19 are likely
to succumb to the disease or may avoid COVID-19-related immune
dysregulation and inflammation have remained open questions.**?
Here, we find that patients on immunosuppressive therapy with
COVID-19 are not only at increased risk of dying but also remain
susceptible to the inflammation observed in severe COVID-19. As
the number of individuals with COVID-19 continues to rise, the
number of patients on immunosuppressive therapy who contract
COVID-19 will increase as well, and these findings emphasize the
importance of aggressive early monitoring and supportive care in this
population. More broadly, these findings illustrate the complexities
of the role of the immune system in COVID-19 pathogenesis and
illustrate the need to recognize these nuances when considering
immunomodulatory therapies for COVID-19.
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