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Abstract

Introduction: The impact of pharmacological immunosuppression (IS) on
COVID-19 outcomes is unclear. This study aimed to investigate the outcomes
of hospitalised patients undergoing IS and focussed on length of hospital
stay, admission to intensive care unit (ICU) and mortality.

Material and methods: Patients admitted to public hospitals in southern
Switzerland with SARS-CoV-2 infection (n = 442) were prospectively includ-
ed, and their demographic, clinical, laboratory and treatment data were col-
lected and analysed. Patients under IS at hospital admission or during the
6 months prior to hospitalisation for a minimum of 4 weeks were compared
to patients from the same cohort but without any history of IS.

Results: Thirty-five patients (7.9%, 65.7% male, median age 70.6 years)
were treated with IS at the time of hospital admission. Compared with
patients without IS, immunosuppressed patients showed higher mortality
(n=16/35,45.7% vs. n = 95/407, 23.3% p = 0.003) and longer hospital stay
(median = 15.5 days vs. median = 11, p = 0.0144). Moreover, in the uni-
variate and multivariable logistic regression analysis, IS was independently
associated with mortality (OR = 2.76 [95% Cl: 1.37-5.59] and 2.66 [95% Cl:
1.19-5.94]) and in the linear univariate and multivariable regression analy-
sis with the length of stay (p = 0.005 and p = 0.007). Furthermore, patients
under IS were more often admitted to the ICU, although the association was
not significant (p = 0.069).

Conclusions: Patients under IS were at a significantly higher risk of severe
and prolonged COVID-19, with higher mortality and more extended hospital
stay than patients without IS.
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Introduction

Since its outbreak [1-3], coronavirus disease
2019 (COVID-19), caused by severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), has
raised concern for immunosuppressed patients
usually identified as vulnerable to viral infections
[4, 5]. Potentially life-threatening SARS-CoV-2 in-
fection complications, including acute respiratory
distress syndrome (ARDS), are suspected to be
associated with the cytokine storm, causing hy-
perinflammation, hypercoagulability and severe
hypoxemia [6, 7]. Although the lack of a hyperim-
mune response to SARS-CoV-2 may be protective
in patients receiving pharmacological immuno-
suppression (IS), available studies provide con-
flicting results about the disease course in this
group of patients [8-18].

As the pandemic continues to impact the med-
ical management of all categories of patients
and the emergence of new variants changes the
clinical impact and transmissions rates [19], data
regarding the outcome of COVID-19 in immuno-
suppressed individuals are partially controversial.
First, a higher prevalence of COVID-19 has been
observed in patients with autoimmune systemic
diseases, who are usually treated with immuno-
suppressive medications [20]. Furthermore, these
patients seem to be more likely to have a more
serious course of disease, even if results differ
between cohorts [21, 22], whereas the impact
of comorbidities, known to affect COVID-19 out-
comes negatively, has to be considered [23-28].
In addition, conditions frequently associated with
autoimmune diseases, as vitamin D deficiency
and dysbiosis, could have an impact on systemic
inflammation, increasing the risk for more severe
COVID-19 [29]. Finally, data regarding impaired
immune responses to anti-COVID-19 vaccines in
these populations cause uncertainty in their man-
agement and confirm their vulnerability [30, 31].

Among comorbidities that are considered rele-
vant in COVID-19, it has been hypothesised that pa-
tients with chronic liver disease (CLD) may be par-
ticularly prone to severe COVID-19 because of the
immune dysregulation associated with this chronic
condition [32]. However, published studies provide
divergent results regarding the impact of CLD on
COVID-19 progression and outcome, although the
presence of cirrhosis is associated with higher mor-
tality [33—-38]. Accordingly, we focused on this sub-
population of patients for additional analysis.

Therefore, the aim of this study was to assess
outcomes of COVID-19 in patients on immunosup-
pression (IS) who required hospitalisation, com-
pared to patients without IS treated in the same
time period and in the same hospitals. We investi-
gated whether IS was associated with the develop-
ment of severe COVID-19, defined as longer hospi-

talisation, admission to an intensive care unit (ICU)
or death in a cohort consisting of all individuals
from southern Switzerland who were admitted to
our institution with confirmed COVID-19.

Material and methods
Study design and setting

We carried out a prospective observational co-
hort study evaluating 442 patients who were ad-
mitted to Ente Ospedaliero Cantonale, the primary
health institution in southern Switzerland, with
confirmed SARS-CoV-2 infection, as determined
by PCR nasopharyngeal swabs. Patients were con-
secutively included from February 25% to May 11t%,
2020, with their demographic, clinical, laboratory
and treatment information that was daily collected
and analysed until death or hospital discharge. Im-
munosuppressed patients were identified based on
whether they were under IS at the time of hospital
admission or had received prescriptions for immu-
nosuppressants for at least 4 consecutive weeks
during the 6 months prior to hospitalisation. Immu-
nosuppressive treatment included cytotoxic agents
(chemotherapeutics, calcineurin inhibitors, mTOR
inhibitors, folate antagonists, inosine monophos-
phate dehydrogenase inhibitors, purine analogues,
alkylating agents and Janus kinase inhibitors), in-
terleukin inhibitors, tumour necrosis factor inhib-
itors, or systemic corticosteroids (with a dosage
higher than or equal to 5 mg/day of prednisone or
equivalent). Relevant baseline medical conditions
such as diabetes, hypertension, and CLD accounted
for comorbidities. Clinical outcomes such as length
of hospital stay, admission to ICU and mortality
were monitored until May 11th, 2020.

Statistical analysis

Different random variables were compared
between patients with and without IS with para-
metric (Student t-test) or non-parametric tests
(Mann-Whitney, %2 test or Fisher exact test), as
appropriate. To assess the potential role of pre-ex-
isting IS on different outcomes (mortality; length
of hospital stay; ICU admission), univariate and
multivariable regression models were used. Only
random variables with a p-value < 0.1 identified
in the univariate analysis were entered in the
multivariable models. All tests were performed
two-sided, and p-values < 0.05 were considered
statistically significant. Statistical analysis was
performed using Stata version 15 (StatCorp. LP
College Station, TX, USA).

Results

Among 442 adult patients with COVID-19 in-
cluded in this study, we found 35 (7.9%) patients
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who were on IS at the time of hospital admission
or in the previous 6 months for at least 4 consec-
utive weeks. The median age was 70.6 (IQR: 65.9—-
75.4) years, and 23 (65.7%) patients were men,
while 407 (92.1%) patients were not under IS at
admission and did not have a recent history of
IS. Immunocompromised COVID-19 patients were
older than patients without IS (mean age: 70.6
vs. 68.9, p = 0.48), while both groups had high-
er proportions of male patients (65.7% vs. 61.7%,
p = 0.22). Characteristics of patients with or with-
out IS are detailed in Table I.

A significant number of patients on IS (n = 19,
54.3%) suffered from autoimmune diseases, while
4 (11.4%) were solid organ transplant recipients,
4 (11.4%) had malignancy, 4 (11.4%) had a chron-
ic obstructive pulmonary disease (COPD), and
4 (11.4%) had other chronic conditions. Oral cor-
ticosteroids (n = 30, 85.7%), specifically predni-
sone or equivalent on a dosage higher than or
equal to 5 mg/day, were the most common im-
munosuppressive medications. Other used im-

munosuppressants are detailed in Table I. Among
the patients who were still under IS at hospital
admission (n = 16/35, 45.7%), 4 (25%) patients
underwent reduction or discontinuation of IS. The
most common strategy of managing IS at admis-
sion was continuing the treatment in 12 out of
16 (75%) patients. Fourteen (40%) patients had
received IS 6 months before admission and were
off treatment at the time of hospitalisation. No
data regarding IS management were available in
5 (14.3%) patients.

Immunosuppressed patients showed similar
rates of baseline comorbidities as compared to
patients who were off IS (median number of co-
morbidities = 2 for both groups, p = 0.06), show-
ing a higher incidence of diabetes (n = 14/35,
40% p = 0.01), although body mass index (BMI)
was lower in patients under IS (25.8 (23.9-27.7)
vs. 28 (27.2-28.8), p = 0.10). Compared with pa-
tients without 1S, immunosuppressed patients
showed higher mortality (n = 16/35, 45.7% vs.
n = 95/407, 23.3% p = 0.003) and a longer hos-

Table I. Characteristics of patients sorted by history of pharmacological immunosuppression at admission. Statis-

tically significant differences are highlighted in bold

Variable Total IS Non-IS P-value
(n= 442) (n = 35) (n = 407)
Male, n (%) 274 (62) 23 (65.7) 251 (61.7) 0.22
Age, mean (IQR) 69.1 (67.7-70.4) 70.6 (65.9-75.4) 68.9 (67.6-70.3) 0.48
BMI, mean (IQR) 27.84 (27.1-28.6) 25.8 (23.9-27.7) 28 (27.2-28.8) 0.10
Underlying disease responsible for IS (%)
Autoimmune disease 19 (54.3)
Solid-organ transplantation 4(11.4)
Malignancy 4(11.4)
COPD 4(11.4)
Others 4(11.4)
Baseline IS (%)
Steroids (prednisone or equivalent 30 (85.7)
> 5 mg/day)
Mycophenolate mofetil (1 to 2 g/daily) 3(8.6)
CNI 2 (5.7)
mTori 2 (5.7)
Methotrexate 1(2.9)
Comorbidities
Number of comorbidities, median (IQR) 2 (1-3) 2 (1-3) 2 (1-3) 0.06
Diabetes, n (%) 101 (22.9) 14 (40) 87 (21.4) 0.01
Hypertension, n (%) 205 (46.4) 18(51.4) 187 (45.9) 0.53
Chronic liver disease, n (%) 108 (24.4) 8(22.9) 100 (24.6) 0.05
Outcome
Death, n (%) 111 (25.1) 16 (45.7) 95 (23.3) 0.003
Admission to ICU, n (%) 87 (19.7) 11 (31.4) 76 (18.7) 0.069
Length of stay, median (IQR) 15.1 (13.9-16.3) 15.5(8.71-33.4) 11 (6.8-17.9) 0.0144

BMI — body mass index, IS — pharmacological immunosuppression, COPD — chronic obstructive pulmonary disease, CNI — calcineurin
inhibitors, mTori — mTOR inhibitors, ICU — intensive care unit, IQR — interquartile range.
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pital stay (median = 15.5 days vs. median = 11
days, p = 0.0144), while their admission at ICU
was not significantly higher (n = 11/35, 31.4% vs.
n = 76/407, 18.7%, p = 0.069). Moreover, in the
univariate and multivariable logistic regression
(Table 11), IS was associated both with mortality
(OR = 2.76, p = 0.005 and 2.66, p < 0.001) and
length of stay (OR = 6.14, p = 0.005 and 5.98,
p = 0.007), but not with ICU admission (OR = 2.01,
p =0.08and 1.88, p = 0.11). No gender differences
were observed for mortality in the group of pa-
tients under IS (male, n = 10/23, 56.5% vs. female
n=6/12,50% p = 0.71).

Treatment with immunosuppressants in pa-
tients with concomitant CLD (n = 8/35, 22.9%),
primarily fatty liver (n = 6/8, 75%) and mild dis-
ease, only 1/8 being cirrhotic, was not associated
with worse outcomes (Table Il). The distribution of
IS in this subgroup of patients was similar to the
whole group under IS, most patients (6/8, 75%)
were on steroids, and 1 patient each was receiv-
ing methotrexate and tacrolimus for previous liver
transplantation. However, due to the limited num-
ber of patients with CLD in our cohort, no further
assertions were possible.

Discussion

In the present prospective observational study,
IS in patients with COVID-19 was associated with
increased mortality and a more extended hospi-
tal stay. Although previous studies have provided
conflicting results regarding the impact of IS on
COVID-19 outcomes, our findings clearly showed
that patients on IS were at significantly higher risk
of severe and prolonged COVID-19. In our cohort,
IS was found to be an independent risk factor for
longer hospitalisation and in-hospital mortality
from COVID-19.

Managing patients on IS who become infected
with SARS-CoV-2 has been challenging since the
COVID-19 pandemic began. Specifically, the as-
sumption that poor antiviral immunity in immu-
nocompromised patients entails an increased risk
for COVID-19 complications, as seen for other res-
piratory viruses, diverged from some initial obser-
vations in chronically immunosuppressed patients,
who showed no association with more severe
COVID-19 or even protection from SARS-CoV-2 in-
fection due to their reduced immune response [8].

These findings indicate that IS is a risk factor
for more severe COVID-19, in line with previously

Table Il. Potential risk factors associated with outcome (A — death, B — length of stay) in univariable and in multi-
variable logistic regression analysis. Statistically significant comparisons are highlighted in bold

A. Potential risk factors associated with death as outcome

Variable Univariate logistic regression  P-value Multivariable logistic P-value

OR (95% Cl) regression

OR (95% Cl)
Sex (male as reference) 1.31 (0.83-2.06) 0.24 1.72 (1.04-2.86) 0.035
Age [year] 1.08 (1.05-1.10) < 0.001 1.07 (1.05-1.10) < 0.001
BMI [kg/m?] 1.00 (0.96-1.04) 0.84
Diabetes 1.96 (1.21-3.17) 0.006 0.66 (0.34-1.27) 0.212
Hypertension 1.58 (1.03-2.44) 0.037 0.51 (0.29-0.92) 0.026
Chronic liver disease 1.44 (0.89-1-33) 0.135
Number of comorbidities 1.61 (1.37-1.88) < 0.001 1.60 (1.25-2.04) < 0.001
Immunosuppression 2.76 (1.37-5.59) 0.005 2.66 (1.19-5.94) < 0.001
B. Potential risk factors associated with length of stay

Variable Univariate linear regression P-value Multivariable linear P-value

OR (95% Cl) regression

OR (95% Cl)

Sex (male as reference) 0.96 (-1.47-3.38) 0.78 0.91 (-1.51-3.33) 0.46
Age [year] 0.034 (-0.06-0.11) 0.61 -0.005 (~0.10-0.09) 0.92
BMI [kg/m?] 0.12 (-0.12-0.36) 0.96
Diabetes 0.90 (-1.91-3.70) 0.63 -0.62 (—4.08-2.83) 0.73
Hypertension 1.89 (-0.47-4.25) 0.12 1.37 (-1.53-4.27) 0.35
Chronic liver disease 2.67(—-0.65-5.40) 0.06 3.12 (-0.14-6.39) 0.06
Number of comorbidities 0.60 (-0.22-1.42) 0.16 0.37 (-0.89-1.63) 0.56
Immunosuppression 6.14 (1.82-10.47) 0.005 5.98 (1.61-10.35) 0.007

BMI — body mass index, IQR — interquartile range, OR — odds ratio.
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reported results from other patient cohorts sug-
gesting that immunocompromised patients have
a higher risk of worse outcomes than the gener-
al population [39-44]. However, looking at over-
all available data in immunosuppressed patients,
which remain conflicting in terms of the outcome
of COVID-19 with respect to IS, those patients
with the most severe disease are more likely to
have several concomitant comorbidities and older
age, and their outcomes do not relate only to de-
gree of IS. This report brings new added value, first
because it is based on information from a fully de-
tailed, multicentre centralised clinical data man-
agement system, providing accurate and reliable
results. Furthermore, IS was also confirmed to be
independently associated with worse outcomes
after univariate and multivariable logistic regres-
sion adjustments for comorbidities.

Confirmation that immunosuppressed pa-
tients are more likely to develop a severe disease
is relevant to their management and suggests
a need for early COVID-19 vaccination in these
patient categories [31]. In addition, individualised
IS adjustments and prioritisation of COVID-19
treatments for infected subjects on IS, such as
monoclonal antibody therapy [45, 46], are re-
quired. Indeed, immunosuppressed patients with
COVID-19 reported longer hospital stays and
higher mortality than non-immunosuppressed
patients. Nonetheless, patients under IS were
more often admitted to the ICU due to the severe
course of COVID-19, although this finding was not
statistically significant.

Due to the broader proportion of patients un-
der corticosteroids, we can assume that poor out-
comes were further associated with steroid-based
IS. This finding is actually broadly consistent with
other published studies [16, 39, 44, 47]. Moreo-
ver, most patients in our cohort continued their
immunosuppressive medications once admitted.
Although the population size is too small to esti-
mate the impact of this strategy adequately, this
would suggest that there are no protective bene-
fits of IS in the long term. However, none of the
patients in our cohort, who were under IS after
solid organ transplantation (4/35), underwent
a reduction in IS. This resulted in no rejection epi-
sodes during this time and a good outcome, with
no ICU admission or death.

In our cohort, we found no significant differ-
ences in sex, age and BMI between immunosup-
pressed and non-immunosuppressed patients, re-
sulting in two homogeneous groups. Male gender
was confirmed to be a predictor of higher mortali-
ty in hospitalized adults with COVID-19 (Table II A),
and this finding is in line with previous studies
[48]. However, further analysis did not show any
gender differences for mortality in the group of

patients under IS, probably because of the small
number of patients in this group. Although diabe-
tes was more frequent in patients under IS, apply-
ing univariate and multivariable logistic regression
adjustments for comorbidities such as diabetes,
hypertension, and CLD allowed us to confirm IS
as independently associated with mortality and
length of stay. This observation suggests that IS
should always be considered as a risk factor sim-
ilar to well-known risk factors that favour a more
severe disease course. However, in a separate anal-
ysis of comorbidities, the presence of CLD was not
associated with worse outcomes in immunosup-
pressed patients. Although limited information is
available on the impact of SARS-CoV-2 infection in
patients with CLD, our finding is inconsistent with
previous studies, where a higher risk for more
severe disease has been described in patients
with CLD when compared with patients without
CLD [49]. However, individuals with CLD under
IS because of underlying autoimmune hepatitis
and even liver transplant recipients have shown
comparable outcomes of COVID-19 with matched
controls [50, 51]. Besides specific considerations
regarding the known immune dysregulation in pa-
tients with CLD, the severity of COVID-19 in this
populations is mostly influenced by comorbidities
rather than additional factors such as IS. However,
because of the very small number of patients with
CLD and IS included in our analysis, no inference
could be drawn.

Our study includes the following limitations:
first, it is a prospective observational study, but
it was initially designed to describe COVID-19 in
all admitted patients. Therefore, no data were
collected to specifically assess immunosup-
pressed patients, which may have resulted in
a significant percentage of missing information.
Second, we could include only a small, heteroge-
nous group of patients under IS, which precluded
related subgroup analyses (e.g., with respect to
type of organ transplant and autoimmune dis-
ease, dosage and duration of IS). Furthermore,
although no significant difference was found in
comparison with patients not under IS, patients
under IS were slightly older and more commonly
reported certain comorbidities such as diabetes,
which are both known risk factors for more se-
vere COVID-19. Third, outcomes were analysed
in a short-term setting, whereas more informa-
tion is also needed on long-term morbidity and
mortality in immunosuppressed patients. Fourth,
the proportion of in-hospital deaths in patients
under IS was very high in our cohort. This finding
could possibly be attributed to the overloaded
healthcare system during the first wave of the
pandemic, which might have raised thresholds
for admission to the ICU for certain categories of
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patients such as those of older age and/or with
severe comorbidities. However, this does not fully
explain the higher mortality in our immunosup-
pressed patients. Indeed, the proportion of pa-
tients admitted to the ICU was at least not lower
among patients under IS when compared to the
patients not under IS. In addition, the manage-
ment of COVID-19 has changed constantly since
the period in which our study was conducted,
namely the first pandemic wave. Data now sug-
gest the beneficial effect on mortality of vaccina-
tions and COVID-19-specific therapies, including
systemic corticosteroids, tocilizumab, remdesi-
vir and anti-SARS-CoV-2 monoclonal antibodies
in the general population [52-54], as well as in
immunosuppressed individuals [55]. Finally, al-
though our analyses were adjusted, we cannot
completely exclude some residual confounding
due to non-measured variables, and the number
of testable variables in our multivariable models
is limited by the number of patients under IS.

In conclusion, this study provides evidence that
immunosuppressed patients hospitalised with
COVID-19 experience longer hospital stays and
higher in-hospital deaths than non-IS patients.
Therefore, the impact of COVID-19 on this vulner-
able population remains critical, and further data
regarding disease severity and vaccine response
are required to improve the management of these
patients.
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