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M) Check for updates

COVID-19: biologic and
Immunosuppressive therapy in
gastroenterology and hepatology

Markus F. Neurath'2

The coronavirus disease 2019 (COVID-19) pandemic
is a serious global health threat caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2),
with more than 179 million cases and 3.8 million con-
firmed deaths worldwide as of 24 June 2021 (see Related
links). Initial studies demonstrated active infection of
the upper and lower airways with SARS-CoV-2 (REFS'™).
Although many patients have mild flu-like symptoms,
some patients develop severe disease frequently asso-
ciated with the clinical manifestation of pneumonia.
Pulmonary infection can be followed by acute respira-
tory distress syndrome and multiorgan failure, thereby
contributing to the marked mortality in patients with
SARS-CoV-2 infection™''". Mortality is substantially
related to cofactors such as age, environmental factors
such as smoking and comorbidities such as diabetes,
hypertension, or lung and heart diseases'”.

Detailed studies of SARS-CoV-2 by sequencing
analyses revealed a close relationship to two previously
known bat-derived SARS-like coronaviruses'". Genetic
studies indicate that SARS-CoV-2 took advantage of spe-
cific mutations and recombination events in the mem-
brane, envelope, nucleocapsid and spike glycoprotein

Abstract | The coronavirus disease 2019 (COVID-19) pandemic is an ongoing global health crisis
causing major challenges for clinical care in patients with gastrointestinal diseases. Although
triggering of anti-viral immune responses is essential for clearance of infection, some patients
have severe lung inflammation and multiorgan failure due to marked immune cell dysregulation
and cytokine storm syndrome. Importantly, the activation of cytotoxic follicular helper T cells and
areduction of regulatory T cells have a crucial, negative prognostic role. These findings lead to
the question of whether immunosuppressive and biologic therapies for gastrointestinal diseases
affect the incidence or prognosis of COVID-19 and, thus, whether they should be adjusted to
prevent or affect the course of the disease. In this Review, data on the use of such therapies are
discussed with a primary focus on inflammatory bowel disease, autoimmune hepatitis and liver
transplantation. In particular, the roles of corticosteroids, classic immunosuppressive agents
(such as thiopurines and mycophenolate mofetil), small molecules (such as Janus kinase (JAK)
inhibitors), and biologic agents (such as tumour necrosis factor (TNF) blockers, vedolizumab and
ustekinumab) are reviewed. Finally, the use of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) vaccines for the prevention of infection in patients with gastrointestinal diseases
and concomitant immunosuppressive or biologic therapy will be discussed.

regions to become a novel infectious agent and to adapt
to a human host®.

The surface spike glycoprotein (S protein) of
SARS-CoV-2 enters human cells via a specific surface
receptor, angiotensin-converting enzyme 2 (ACE2)"*-%.
This monocarboxypeptidase regulates the cleavage of
several peptides within the renin-angiotensin system
and is involved in regulation of the intestinal amino
acid transporter BOAT1, whose activity controls try-
ptophan homeostasis. Moreover, ACE2 is involved in
the expression of antimicrobial peptides and the eco-
logy of the gut microbiota'”. A high expression of ACE2
is noted in type 2 pneumocytes in the lung'>'*"?, which
explains the preference of SARS-CoV-2 infection for the
airways. In addition to ACE2, the cell surface-associated
transmembrane serine protease 2 (TMPRSS2) controls
cleavage and activation of the S protein and thereby
regulates viral uptake™’. Upon cell entry of the virus
via interactions with ACE2 and TMPRSS2, the RNA
of SARS-CoV-2 reaches the cytoplasm of infected
cells, resulting in the generation of accessory and
structural proteins. Subsequently, viral particle buds
and virion-containing vesicles that are released from
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Key points

* The coronavirus disease 2019 (COVID-19) pandemic is a global health threat caused
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which binds to
cellular angiotensin-converting enzyme 2 (ACE2) and cell surface-associated
transmembrane serine protease 2 (TMPRSS2).

* As ACE2 and TMPRSS?2 are expressed on the surface of several cell subsets in the
gastrointestinal tract (such as intestinal epithelial cells), COVID-19 frequently
causes gastrointestinal manifestations of disease.

e Patients with gastrointestinal disorders, such as inflammatory bowel disease (IBD),
and liver transplant recipients should be encouraged to follow strict hygiene and
social distancing measures.

* In patients with IBD, high-dose corticosteroid treatment before SARS-CoV-2
infection has been identified as a risk factor for aggravated outcomes, suggesting that
corticosteroid therapy should be reduced if possible.

e Although systemic corticosteroids are recommended for the treatment of patients
with severe COVID-19 in intensive care units, these drugs might augment mortality
in non-severe COVID-19 cases.

* Immunosuppression in IBD and liver transplant recipients appears not to induce
aggravated outcomes and might even exert a protective effect against severe
COVID-19; patients should consider vaccination whenever available.

infected cells and enable the dissemination of infection
are generated”.

In this Review, I discuss the role of gastrointestinal
infection in COVID-19 and address the question of
whether immunosuppressive and biologic therapies for
gastrointestinal diseases affect the incidence or prog-
nosis of COVID-19 infection. In particular, therapies
in the context of inflammatory bowel disease (IBD),
autoimmune hepatitis and liver transplantation will be
discussed.

Gastrointestinal infection in COVID-19
Although initial data suggested rare involvement of
the gastrointestinal tract in COVID-19, more recent
findings have highlighted the fact that gastrointestinal
symptoms, such as abdominal pain, loss of appetite and
diarrhoea, are present in 30-70% of patients®'~*. A par-
ticularly high prevalence of gastrointestinal symptoms
is noted in patients with cancer and COVID-19 in gen-
eral. For instance, in one study, 36 of 395 hospitalized
patients with COVID-19 had an active malignancy®.
Interestingly, gastrointestinal symptoms might be
caused by direct infection of the intestinal tract, as
tongue epithelial cells, pharyngeal cells, stomach cells
and epithelial cells of the small and large intestine all
express ACE2 (REFS**”). The highest expression levels
of ACE2 with apical co-expression of TMPRSS2 are
detected in human intestinal epithelial cells of the ter-
minal ileum'*? (FIG. 1). Infection of human intestinal
epithelial cells was confirmed by studies in organoids,
whereby SARS-CoV-2 infection led to the induction
of a viral response programme and the production of
infectious viral particles®. However, it should be noted
that SARS-CoV-2 mRNA rather than live viruses have
been detected in stool of patients with COVID-19
(REF.?), suggesting that gastrointestinal infection might
be self-limiting.

In addition, SARS-CoV-2 infection might directly
affect the liver and bile ducts as cholangiocytes and, to a
lesser extent, hepatocytes express ACE2 and TMPRSS2.

Consistently, up to 60% of patients with COVID-19
have elevated liver enzymes and exhibit abnormal liver
function at clinical presentation®-*'. Liver enzymes
(alanine aminotransferase, aspartate aminotrans-
ferase) are particularly elevated in patients with severe
COVID-19, although this observation might be attrib-
utable to systemic inflammation, medication, hypoper-
fusion, and comorbidities or cofactors (such as alcohol
consumption).

Immune cell changes in COVID-19

An activation of immune cells has been noted in
COVID-19, which might lead to effective anti-viral
immune responses and clearance of viral infection’*
(FIG. 1). In particular, cells of the adaptive immune
system, such as B and T cells, have been suggested to
have a key role in driving anti-viral immunity. Antigen-
specific antibody production by human B cells as well
as T cell-specific memory responses can be induced by
SARS-CoV-2 infection. In severe cases, SARS-CoV-2
infection leads to death of activated immune cells.
Accordingly, lower lymphocyte counts as well as
lower levels of monocytes, eosinophils, basophils and
mucosa-associated invariant T cells are detected in
the peripheral blood of these patients***. Moreover,
reduced numbers of blood CD4* and CD8* T cells are
found, indicating suppression of anti-viral immune cell
function in the host in severe COVID-19 that results in
unrestrained viral dissemination and organ injury™. By
contrast, neutrophilia are present in patients with severe
COVID-19 and activated neutrophils have been sug-
gested to contribute to fatal outcomes by the production
of pro-inflammatory cytokines and vascular occlusions
via neutrophil extracellular traps™-*.

Although the percentage of naive helper T cells (T}
cells) is increased in patients with COVID-19, memory
helper T cell numbers are decreased’®”. Additionally,
patients with severe COVID-19 have reduced num-
bers of regulatory T cells (T,,, cells)*, a cell subset that
suppresses pro-inflammatory immune responses via
cell-cell contacts and produces anti-inflammatory
cytokines such as IL-10 and TGFp. This reduction in
T, cell numbers has been suggested to contribute to
hyperinflammation and the cytokine storm syndrome
in patients in intensive care with higher plasma levels of
various cytokines, including IL-2, IL-7, IL-10, granulo-
cyte colony-stimulating factor (G-CSF), CXCL10, CCL2,
CCL3 and tumour necrosis factor (TNF)*>*. This syn-
drome might trigger fatal outcomes via multiorgan
failure in COVID-19. Although COVID-19 is usually
less severe in children and infants®, a severe systemic
inflammatory reaction, known as paediatric inflamma-
tory multisystem syndrome or multisystem inflam-
matory syndrome in children, might occur in these
patients and is also associated with elevated serum levels
of various pro-inflammatory cytokines®'.

T and B cells and cytokine responses

Various studies analysed T and B cell activation as well
as cytokine responses in COVID-19. SARS-CoV-2
causes broadly directed, diverse and functionally
replete memory CD4" and CD8* T cell responses*>*.
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Convalescent-phase SARS-CoV-2-specific T cells can
be identified in antibody-seronegative exposed family
members and convalescent individuals with a history of
asymptomatic or mild COVID-19. CD4" T cell responses
to spike proteins are correlated with the magnitude of
the anti-SARS-CoV-2 B cell response as indicated by IgG
and IgA antibody titres. In addition, the expansion of
highly cytotoxic effector T cell subsets, such as CD4*
effector-granulysin, CD8"* effector-granulysin and natural
killer T CD160 cells, is observed during recovery™*.
Although higher proportions of protective SARS-
CoV-2-specific CD8* T cells are observed in mild
COVID-19 (REFS**"), the breadth and magnitude of
T cell responses are significantly higher in severe cases.
Moreover, in severe COVID-19, T cells show signs of
senescence, a state in which cells can no longer divide,
and exhaustion, a state of T cell dysfunction, suggest-
ing that effective memory T cell responses are markedly
altered in severe COVID-19 and impair optimal con-
trol of infection'’. Augmented IFNa cytokine responses
play a predominant role in COVID-19 (REF*). Additional
findings revealed a marked increase in the number of
T,17 cells and T, 17-related cytokines and transcrip-
tion factors (specifically, IL-17, IL-23, RAR-related
orphan receptor-y (RORyt)) in the blood of patients
with COVID-19 compared with controls*. Although
neutrophils suppress T};1 cytokine responses, T;;17 cell
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development in COVID-19 is triggered by neutrophils
and is correlated with poor clinical outcomes*. In agree-
ment with a crucial role for T,;17 cells, genetic studies
and Mendelian randomization indicated a causal link
between a high expression of tyrosine kinase 2 (TYK2;
the Janus kinase that mediates IL-23 signalling) and
life-threatening disease*’. In contrast to the increase
in T};17 cells, patients show a remarkable reduction in
the frequency of T, cell-related proteins such as fork-
head box protein P3 and cytokines (TGFp and IL-10)*.
Finally, T,;1 rather than T;17 responses are associated
with anti-viral immune responses during SARS-CoV-2
vaccination in a vaccine trial with BNT162b1, a lipid
nanoparticle-formulated nucleoside-modified mRNA
that encodes the receptor binding domain of the
SARS-CoV-2 spike protein®.

Single-cell transcriptomic analysis of viral antigen-
reactive CD4* T cells showed increased proportions
of cytotoxic T follicular helper cells and cytotoxic CD4*
cytotoxic T lymphocytes responding to SARS-CoV-2
in patients with severe COVID-19 compared with
non-hospitalized patients. In the former group, a strong
cytotoxic T follicular helper cell response was observed
early in the illness, which correlated negatively with
antibody levels against the spike protein®'.

Collectively, these findings underline the complex
immune dysregulation in COVID-19. Although severe
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Fig. 1| Immune cell activation in COVID-19 and potential intervention checkpoints of biologic and
immunosuppressive therapies in gastrointestinal disease. Intervention strategies are highlighted in yellow.

ACEZ2, angiotensin-converting enzyme 2; COVID-19, coronavirus disease 2019; IEC, intestinal epithelial cell; ILC, innate
lymphoid cell; MMF, mycophenolate mofetil; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; T,,1, T helper 1;
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regulatory T; Type | P, type 1 pneumocyte; Type Il P, type Il pneumocyte. Adapted with permission from REF., BMJ.
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COVID-19 is associated with marked systemic immuno-
suppression, local infection in tissues such as the lung
is characterized by the activation of immune cells and
hyperinflammation associated with a cytokine storm
syndrome®*. In the context of gastrointestinal disor-
ders, it is therefore of utmost importance to understand
the effect of immunosuppressive and biologic thera-
pies on the clinical course of COVID-19. For instance,
are patients with IBD and liver transplant recipients at
higher risk of severe COVID-19 due to drug therapy
(TABLE 1)? In particular, what is the role of classic
immunosuppressive drugs, such as corticosteroids, in
this context and should immunosuppressants or bio-
logic agents be stopped or reduced in COVID-19? In
the following sections, the latest studies on these agents
in patients with gastrointestinal disorders are discussed.

When subsequently discussing implications for ther-
apy, it should be noted that we are still missing interven-
tional controlled studies and that recommendations are
mainly based on case series and observational analyses.
Moreover, patients on biologic or immunosuppressive
agents are often closely followed by physicians and
might undergo testing for COVID-19 when symptoms
are milder than in patients on other medications or the
general population. Thus, there might be detection bias,
as mild COVID-19 is more often diagnosed in patients
on cytokine inhibitors™, and this aspect might lead to the
overrepresentation of mild cases.

COVID-19 and IBD pathogenesis

In patients with Crohn’s disease, a high expression of
ACE2 and TMPRSS?2 in ileal and colonic epithelial cells
is observed*®*”. However, ACE2 (mRNA and protein lev-
els) but not TMPRSS2 expression is substantially lower
in inflamed ilea compared with uninflamed control
patients and is negatively correlated with inflammation
markers such as SI00A8 (REF”). ACE2 is particularly
reduced in patients who subsequently develop severe
disease’’. By contrast, expression levels of ACE2 and
TMPRSS2 remain unchanged in the inflamed colon of

patients with ulcerative colitis as compared with unin-
flamed healthy individuals®»**. Another study using
bulk RNA sequencing or microarray transcriptomics
from tissue samples reported elevated ACE2 levels in
patients with ulcerative colitis compared with healthy
individuals™. ACE2 is increased in active disease and
in patients who subsequently require anti-TNF therapy.
This study also noted normalization of ACE2 expres-
sion in active ulcerative colitis upon anti-cytokine
therapy. In addition, a study reported a 70% increase in
colonic ACE2 mRNA expression in patients with ulcer-
ative colitis and a 30% increase in Crohn’s disease™.
Furthermore, a large study in patients with IBD (Crohn’s
disease, n=193; ulcerative colitis, n=158; non-IBD con-
trol individuals, n=51) observed that colonic ACE2 is
higher in inflamed colon of patients with Crohn’s dis-
ease and ulcerative colitis than in healthy individuals®’.
Network analyses highlighted hepatocyte nuclear fac-
tor 4o (HNF4A) as a key regulator of ileal ACE2 levels,
whereas pro-inflammatory stimuli, such as cytokines,
upregulate ACE2 in colonic organoids from patients
with ulcerative colitis. Finally, another study did not
observe an effect of both biologic and non-biological
IBD medications (aminosalicylates, corticosteroids,
thiopurines, TNF blockers) on ACE2 and TMPRSS2
receptor expression in uninflamed intestines’®.
Collectively, heterogeneous findings were obtained
in studies on ACE2 mRNA expression levels in IBD,
potentially owing to differences in patient cohorts,
medical therapies or comorbidities. However, studies
on protein levels suggest decreased ACE2 protein levels
in intestinal epithelial cells in patients with Crohn’s dis-
ease during active inflammation?, indicating that these
patients might be protected from local inflammation in
SARS-CoV-2 infection.

Additional data showed upregulation of soluble
ACE2, a shedding receptor that might sequester SARS-
CoV-2 and prevent its cellular entry, in the blood of
patients with IBD**". Interestingly, increased levels
of soluble ACE2 were detected in the sera of patients

Table 1 | Immunosuppressive and biologic therapies in patients with IBD and liver transplant recipients in

the context of COVID-19

Therapy Target

IBD

High-dose corticosteroids Multiple

JAK inhibitors (tofacitinib) JAK1/3

Anti-TNF agents TNF

Vedolizumab a4/p7 integrin

Ustekinumab IL-12/1L-23

Liver transplantation

Tacrolimus Calcineurin

Ciclosporin Calcineurin

Mycophenolate mofetil Inosin monophosphate
dehydrogenase

Everolimus mTOR

IBD, inflammatory bowel disease. °Limited clinical evidence.

Risk of opportunistic or Evidence for
viral infections’*’*#*'**  aggravated COVID-19

[REF558.85.108,124)
Yes Yes
Yes No
Yes and no (studiesvary)  No
No No
No No
Yes No
Yes No
Yes Yes®
Yes No
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with IBD, which is consistent with the idea that these
patients might at least be partially able to prevent cellular
infection via soluble ACE2.

COVID-19 and IBD epidemiology

Initial studies reported a low incidence of COVID-19 in
patients with IBD. For instance, in a cohort of 318 patients
with IBD in Wuhan, China, no cases of COVID-19
were found®, potentially owing to early warnings to
patients and preventive actions to protect this potentially
vulnerable population. Subsequent studies demonstrated
that SARS-CoV-2 infection in patients with IBD is not
rare®. A cross-sectional, observational study showed
that more than 10% (82 of 805) of patients with IBD
in a large referral centre up until April 2020 had con-
firmed or suspected infection®. Although approximately
50% of affected patients reported diarrhoea, flare-ups
during SARS-CoV-2 infection were rare (<2%) and
27% of patients temporarily withdrew from their IBD
treatment because of COVID-19; 80% of the patients
had mild disease (79.3%), whereas the presence of dysp-
noea was associated with moderate-to-severe infection.
Multicentre studies on cohorts of 97 and 87 patients with
COVID-19 and IBD suggested that the risk of COVID-19
in patients with IBD is similar to that in the general
population®® and identified age >65 years as a risk fac-
tor for pneumonia and hospitalization®. Consistently,
additional studies revealed that children and younger
(<20 years of age) patients with IBD usually have mild
COVID-19 (REF%). An additional cohort study of 5,302
patients with IBD suggested the presence of obesity as
arisk factor for COVID-19 (REFY). Another multicentre
IBD cohort study of 100 COVID-19 cases out of 34,763
patients with IBD (0.29%) identified the presence of
more than one comorbidity (such as diabetes or hyper-
tension) as an independent risk factor for hospitalization
and found that all patients who died had comorbidities®*.
Finally, an Italian observational cohort study in 79
patients with IBD and with COVID-19 showed that age
>65 years, active IBD and comorbidities were signifi-
cantly associated with COVID-19-related death® and
concluded that the prevention of acute IBD flares might
avoid fatal COVID-19 outcomes.

Immunosuppressants and biologics in IBD

A large case series study on COVID-19 in 97 patients
with IBD showed that treatment with corticosteroids
increased the risk of hospitalization, whereas treat-
ment with monoclonal antibodies was associated with
a reduced risk of pneumonia and hospitalization®.
Moreover, in a cohort study with 39 COVID-19 cases
out of 5,302 patients with IBD, the rate of COVID-19
infection was similar between patients treated with
immunosuppression (0.8%) and those who were not
(0.64%), indicating that the use of systemic immuno-
suppression was not associated with an increased risk
of COVID-19 (REF.?). Another study of 82 patients
with IBD and COVID-19 showed that immunosup-
pression was not related to severity of disease®. Similar
results were obtained in a study of 259 patients with
IBD receiving biologic agents (TNF blockers, vedoli-
zumab, ustekinumab)”’. Although aminosalicylates and
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combined immunosuppression with thiopurines and
TNF blockers had been initially associated with worse
outcomes in patients with IBD and COVID-19 (REF"}),
data from the SECURE-IBD registry (>4,000 cases)’
confirmed corticosteroids (15%), rather than other
drugs or general immunosuppression, as a key risk
factor for intensive care unit treatment, ventilation or
death. The anti-integrin antibody vedolizumab”~ was
not associated with an increased risk for these end-
points (5%), while the IL-12 and IL-23 cytokine blocker
ustekinumab”’-”° (2%), TNF blockers (2% versus 4%
without or with methotrexate or thiopurine therapy),
and the JAK1 and JAK3 blocker tofacitinib (3%) had the
lowest risks™. Additional risk factors for intensive care
unit treatment, ventilation or death in IBD were two or
more comorbidities and age >60 years™.

These findings highlight that (with the exception
of high-dose corticosteroids in IBD) immunosuppres-
sion per se is not associated with an increased risk for
severe COVID-19. In fact, some studies in the gen-
eral population or in vitro experiments indicated a
potentially protective effect of immunosuppressive or
cytokine blocker therapy in COVID-19. For instance,
thiopurine analogues and mycophenolate mofetil syn-
ergistically inhibited coronavirus proteases, whereas
the calcineurin inhibitor tacrolimus showed antiviral
activity for human coronaviruses, at least in vitro®-*.
Moreover, TNF blockers in particular were suggested to
inhibit pro-inflammatory cytokine release and cytokine
storms in COVID-19 in adults and children*"** (TABLE 1;
FIG. 1). However, large interventional studies are lack-
ing. Additional studies explored the concept that IL-6R
blockade via tocilizumab might block cytokine storm
syndromes and severe COVID-19 pneumonia®-®.
However, a prospective randomized trial in 126 patients
did not show evidence for efficacy of tocilizumab
in COVID-19 pneumonia with fever and elevated
C-reactive protein (CRP) levels as compared to stand-
ard care™. Moreover, in a second trial in 243 patients,
IL-6R blockade via tocilizumab was not effective for
preventing intubation or death in hospitalized patients
with COVID-19 (REF®). However, in hospitalized
patients with COVID-19 pneumonia, treatment with
tocilizumab reduced the need for mechanical ventilation
without affecting survival®. Finally, the JAK1 and JAK2
inhibitor baricitinib was tested together with remdesivir
versus remdesivir alone for the treatment of COVID-19
in hospitalized patients (n=1,033). Combination ther-
apy was more effective at reducing recovery time and
improving clinical status in COVID-19 compared with
remdesivir monotherapy (28-day mortality was 5.1% in
the combination group versus 7.8% upon monother-
apy)¥, which is consistent with the idea that blockade of
cytokine signalling might be effective in the treatment
of COVID-19.

In patients with IBD, this idea was supported by sev-
eral case reports and case series on the use of TNF block-
ers in adults and children®®*%, Moreover, a study with
more than 2,000 patients analysed seroconversion in
patients with immune-mediated inflammatory diseases
(IMIDs; psoriasis, rheumatoid arthritis, spondyloarthri-
tis and IBD) and in healthy individuals as controls. It was
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found that fewer patients with IMIDs receiving cytokine
blocker therapy (which do not deplete B cells) had
SARS-CoV-2 IgG seroconversion than patients with-
out such therapy and healthy individuals®, suggesting
that cytokine inhibitors at least partially protect against
severe SARS-CoV-2 infection. Conversely, another study
(n=789 patients) examined the effects of immunosup-
pression on COVID-19 in patients with autoimmune
and chronic inflammatory diseases”. Relative to the con-
trol cohort (without autoimmune diseases and immuno-
suppressive therapy), patients with immunosuppressive

Box 1| Recommendations from the ECCO COVID-19 taskforce and the AGA

ECCO Recommendations®

Should we stop drugs in patients without symptoms suggestive of coronavirus
disease 2019 (COVID-19) (not tested or tested negative)?

Do’s

* Do continue immunomodulators.

* Do continue biologics.

* Do continue JAK inhibitors.

* Do reduce corticosteroids whenever possible.

¢ Do keep infusions in an infusion centre whenever possible.

Don’ts

* Do not reduce the dose of immunomodulators or biologics to prevent severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection.

* Do not switch infliximab to adalimumab in a stable patient, unless it is not possible
to provide intravenous infusions.

* Do not assume that patients with inflammatory bowel disease (IBD) are at increased
risk of being infected.

Should we stop IBD drugs in patients who are SARS-CoV-2 positive, whether
symptomatic or asymptomatic?

Do’s

* Do postpone biologics administration.

* Do stop/reduce corticosteroids whenever possible.

¢ Do stop azathioprine/mercaptopurine therapy.

* Do stop azathioprine in patients in combination therapy with an anti-TNF.

¢ Do stop JAK inhibitors.

Don’ts
* Do not continue prednisone at doses above 20 mg per day.

* Do not restart the treatment until a nasopharyngeal swab PCR-SARS-CoV-2 test
(if available) indicates a negative result.

AGA Recommendations®

e Patients with IBD who do not have infection with SARS-CoV-2 should not discontinue
their IBD therapies and should continue infusion schedules.

e Patients with IBD who have known SARS-CoV-2 but have not developed COVID-19
should hold thiopurines, methotrexate and tofacitinib; dosing of biological therapies
should be delayed for 2 weeks of monitoring for symptoms of COVID-19.

e Patients with IBD who develop COVID-19 should hold thiopurines, methotrexate,
tofacitinib and biological therapies during the viral illness; these can be restarted
after complete symptom resolution or, if available, when follow-up viral testing is
negative or serologic tests demonstrate the convalescent stage of illness.

* The severity of COVID-19 and the severity of IBD should result in careful risk-benefit
assessments regarding treatments for COVID-19 and escalating treatments for IBD.

AGA, American Gastroenterological Association; ECCO, European Crohn’s and Colitis
Organisation. ECCO recommendations adapted with permission from REF.**, Oxford University
Press. AGA recommendations adapted with permission from REF.**, Elsevier (© 2020 by the
AGA Institute).

therapy in autoimmunity had a markedly reduced risk of
severe acute respiratory distress syndrome. Thus, among
patients hospitalized with COVID-19, those receiving
immunosuppressive treatment for autoimmune diseases
appeared to be protected from severe lung failure.

Thus, cytokine blockers might even exert protective
roles in COVID-19, possibly owing to suppression of
hyperinflammation. Particularly remarkable is the out-
come in patients with IBD treated with anti-TNF and
anti-IL-12 and anti-IL-23 therapy. Given the potentially
pathogenic role of IL-23 and T};17 cells in COVID-
19 (REF'%, this point requires further investigation. In
agreement with a potentially pathogenic role of IL-23
in COVID-19, case reports described asymptomatic
infections in patients with psoriasis’*** or psoriasis and
Crohn’s disease” treated with anti-IL-23 (risankizumab)
therapy.

In the absence of large interventional clinical tri-
als, current recommendations from the American
Gastroenterological Association (AGA)* and the
European Crohn’s and Colitis Organisation (ECCO)*
suggest the maintenance of immunosuppressive and
biologic therapy in patients with IBD in the absence of
SARS-CoV-2 infection and the postponement (biologic
agents) or cessation of (immunosuppressants) therapy in
patients with active disease (BOX 1). Importantly, predni-
solone therapy should be stopped or reduced, if possi-
ble, as corticosteroids rather than other drugs or general
immunosuppression might increase the risk of intensive
care unit treatment, ventilation or death.

COVID-19 in autoimmune hepatitis

A small initial study from Italy included ten patients
with COVID-19 with autoimmune hepatitis (AIH)
in biochemical remission under immunosuppres-
sive therapy (n=38) or in acute onset AIH requiring
high-dose corticosteroids (n=2). Liver enzymes dur-
ing SARS-CoV-2 infection remained unchanged or even
improved upon treatment with corticosteroids. Despite
the development of pneumonia in five cases, none
of the patients died, suggesting that immunosuppression
in ATH does not impair the course of the disease. This
observation was supported by a report from Belgium of
85 patients with AIH, in which it was shown that these
patients were rarely affected by COVID-19 despite
the use of immunosuppressive therapy. Marked adher-
ence of patients with AIH to protective guidelines during
the COVID-19 pandemic was noted in this obser-
vational study”’. Clinical symptoms compatible with
COVID-19 were noted in seven patients, but only one
patient had positive SARS-CoV-2 PCR testing. The une-
ventful course of disease in AIH supported the notion
that immunosuppressive therapy should not be stopped
during the pandemic. A third study analysed data from
70 patients with ATH (83% on immunosuppressive
therapy) and 932 patients with chronic liver disease
as controls in the context of SARS-CoV-2 infection®.
Importantly, the study did not observe significant differ-
ences between both groups with regard to key outcome
parameters, including hospitalization, admission to
intensive care units and death. Collectively, these find-
ings indicate that immunosuppressive therapy in AIH
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should not routinely be discontinued during the course of
COVID-19 (REF™).

Based on the currently available data, several recom-
mendations for ATH therapy in the context of COVID-19
have been made”'*. It has been suggested that hospital-
ized patients with ATH should receive standard therapy
at the usual dose for treatment of acute flares”. Moreover,
the American Association for the Study of Liver Diseases
(AASLD) and the European Association for the Study
of the Liver (EASL) recommend that patients with ATH
on immunosuppression without COVID-19 should not
decrease immunosuppression”'". By contrast, in the
presence of COVID-19, lowering of immunosuppres-
sion — particularly of anti-metabolites in patients with
lymphopenia — should be considered”'"". Moreover,
EASL suggests that budesonide should be used for ther-
apy in patients with AIH and with COVID-19 to reduce
and minimize systemic glucocorticoid exposure for the
management of acute flares of ATH. However, in patients
with ATH on immunosuppression, corticosteroid dosing
should be maintained at low levels to prevent adrenal
insufficiency. Finally, the Asian Pacific Association for
the Study of the Liver (APASL) suggests the continua-
tion of immunosuppressive therapy in patients with ATH
with mild COVID-19 infection, while discontinuation
of corticosteroid treatment in patients with ATH with
severe COVID-19 should be avoided'’.

COVID-19 in liver transplantation

Initial data on COVID-19 in solid organ transplant
(SOT) recipients receiving immunosuppressive therapy
raised concerns that this infection might lead to high
mortality'®>'%® (TABLE 1). A study of 36 kidney trans-
plant recipients receiving immunosuppressive therapy
demonstrated lower CD4* and CD8* T cell counts in
peripheral blood. Furthermore, more-rapid clinical pro-
gression of disease was observed compared with the gen-
eral population'”, indicating a high early mortality rate
among kidney transplant recipients (28% at 3 weeks).
A second study of 778 SOT recipients (including 110 liver
transplant recipients) in Spain found that the incidence
of COVID-19 in SOT recipients was twofold higher
than in the general population'”; 89% of patients with
COVID-19 were admitted to hospital, whereas adjust-
ment of immunosuppression was performed in 85%.
Overall, 27% of SOT recipients diagnosed with COVID-19
died and univariate analysis yielded lung transplanta-
tion and hospital-acquired COVID-19 infection as risk
factors for death'™. A third study in 18 transplant recipi-
ents (44% kidney, 33% liver, 22% heart) with COVID-19
reported a case-fatality rate of 27%'°>'”*, suggesting
that SARS-CoV-2 infection results in a severe course of
COVID-19 in many transplant recipients. Similarly, in a
study of 11 SOT (kidney and liver) recipients with HIV,
there was a high mortality rate of 36%'”. By contrast, a
study of 21 SOT recipients diagnosed with COVID-19
demonstrated favourable short-term outcomes, with less
than 10% mortality, but highlighted that 50% required
treatment at intensive care units and that those with con-
comitant infections had more severe illness'*. Finally, a
Spanish observational study in 46 adult SOT recipients
with SARS-CoV-2 infection reported a higher mortality
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in SOT recipients compared with matched controls (37
versus 23%)'"". In this study, 72% of patients underwent
transitory discontinuation of immunosuppressants
due to potential or confirmed drug-drug interactions.
Potential concerns included the possibility of drug-drug
interactions between tacrolimus and some of the treat-
ments with antiviral effects such as lopinavir-ritonavir
and azithromycin'®.

Additional studies focused on the effects of
COVID-19 in liver transplant recipients. Although it
was postulated that immunosuppressed patients with
COVID-19 are at increased risk of severe clinical man-
ifestations of disease, preliminary data suggested that
COVID-19 in liver transplant recipients has similar or
lower incidence rates than the general population'”. In
this context, liver transplant recipients, just like the gen-
eral population, are at risk of exposure to SARS-CoV-2
infection outside and inside the hospital and nosoco-
mial COVID-19 outbreaks have been reported in liver
transplant wards''". However, case reports suggested
that liver transplant recipients who have had COVID-19
might have prolonged viral shedding due to concomitant
immunosuppressive therapy'''~'"*.

Several studies in liver transplant recipients with
COVID-19 have been conducted; however, it should
be noted that most liver transplant studies reported
short-term outcomes on uncontrolled case series with
partially conflicting results. An international prospec-
tive study across Europe on 57 liver transplant recipients
with SARS-CoV-2 infection reported that 72% were hos-
pitalized, 19% developed acute respiratory distress syn-
drome and 12% had a fatal outcome''*. Remarkably, the
majority of the patients who died had a history of cancer.
This finding is in agreement with studies from recent
meta-analyses showing that patients with COVID-19
and cancer have a higher fatality rate than patients with
COVID-19 without cancer'>'"°. In the European study
on liver transplant recipients with COVID-19 (REF.'Y),
immunosuppression was reduced in 22 (37%) recipients
and discontinued in 4 (7%) and there was no observed
effect of this modulation of immunosuppressive therapy
on clinical outcome.

A Spanish multicentre study of 111 liver transplant
recipients with COVID-19 showed that 86% were admit-
ted to hospital, 20% required respiratory support and
11% were treated at intensive care units'”’. Overall, a
mortality rate of 18% was reported. This study found
marked effects of concomitant immunosuppression on
COVID-19 outcomes. In fact, immunosuppression con-
taining mycophenolate was a highly statistically signifi-
cant predictor of severe COVID-19, particularly at doses
higher than 1,000 mg/day. The reasons for this observa-
tion are currently unclear, although a T cell-depleting
effect of this drug has been suggested as a potential
explanation''”""®. By contrast, calcineurin inhibitors or
everolimus had no negative effects in liver transplant
recipients and complete withdrawal of immunosuppres-
sion yielded no benefits. Based on these findings, the
researchers suggested that selective mycophenolate dose
reduction or withdrawal rather than complete immuno-
suppression withdrawal could prevent severe COVID-19
in liver transplant recipients.
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Another multicentre cohort study of 151 adult liver
transplant recipients with COVID-19 from 18 countries
showed that admission to the intensive care unit (28%
versus 8%) and invasive ventilation (20% versus 5%)
were more frequent in the liver transplant group com-
pared with a control cohort (general population)'”. By
contrast, only 19% of patients in the former cohort died
and higher age, serum creatinine levels and non-liver
cancer were risk factors for death among liver transplant
recipients. Finally, a study from Europe on 243 adult
liver transplant recipients with laboratory-confirmed
SARS-CoV-2 infection showed that 84% required hospi-
talization and 19% were treated at intensive care units'*.
Moreover, 20% of patients with COVID-19 died, mainly
owing to respiratory failure. Although age >70 yearshad a
negative effect on clinical outcome, tacrolimus use had
a positive effect on the survival of liver transplant recip-
ients in COVID-19. The researchers postulated that
these data might encourage clinicians to use tacrolimus
at stable doses even in cases of SARS-CoV-2 infection.

Several of these studies looked at the effects of
immunosuppression on COVID-19 in more detail "*!'"'%,
While two studies reported favourable results of cal-
cineurin inhibitor therapy on survival''*'*, the third
study noted that baseline immunosuppression con-
taining tacrolimus caused a trend towards a reduced
risk of severe COVID-19 (REF.'"). Thus, these studies
underlined the idea that chronic immunosuppression
could exert a protective effect against the severe forms
of COVID-19, arguing against complete withdrawal of
immunosuppression in liver transplant recipients''.
Unlike calcineurin inhibitors, mycophenolate mofetil
might facilitate COVID-19 and should be used
cautiously unless further studies become available.

Box 2 | WHO definitions of severe and non-severe COVID-19 forms and
WHO recommendations on the use of corticosteroids in COVID-19

WHO definitions'*°

Critical coronavirus disease 2019 (COVID-19)

Defined by the criteria for acute respiratory distress syndrome, sepsis, septic shock or
other conditions that would normally require the provision of life-sustaining therapies
such as mechanical ventilation (invasive or non-invasive) or vasopressor therapy.

Severe COVID-19
Defined by any of:

* Oxygen saturation <90% on room air.

* Respiratory rate >30 breaths per minute in adults and children >5 years old;

60 or more in children less than 2 months; 50 or more in children 2-11 months old;
and 40 or more in children 1-5 years old.

* Signs of severe respiratory distress (that is, accessory muscle use, inability to complete
full sentences; in children, very severe chest wall indrawing, grunting, central
cyanosis, or presence of any other general danger signs).

Non-severe COVID-19

Defined as absence of any signs of severe or critical COVID-19.

WHO Recommendations'**

Recommendation 1
“We recommend systemic corticosteroids rather than no corticosteroids for the
treatment of patients with severe and critical COVID-19 (strong recommendation)”.

Recommendation 2
“We suggest not to use systemic corticosteroids in the treatment of patients with
non-severe COVID-19 (conditional recommendation)”.

Adapted by permission from BM) Publishing Group Limited (REF."*).

The currently available studies indicate that
long-term liver transplant recipients are at higher risk
for severe COVID-19 than short-term liver transplant
recipients'”’, suggesting that comorbidities in the former
rather than intense immunosuppression in the latter
patient population is associated with disease sever-
ity and fatal outcomes. Although immunosuppression
might be beneficial in suppressing augmented immune
responses in the body in COVID-19, only some studies
reported protective effects of immunosuppression with
tacrolimus'*. Based on the currently available data, most
national and international societies advise against mod-
ifications of immunosuppression in mild COVID-19,
whereas reduction or discontinuation of antiprolifer-
ative and lymphocyte-depleting therapies should be
considered in cases with severe lymphopenia, superin-
fections and progressive pneumonia''*''”'*’. However,
it should be considered that a marked reduction or
complete withdrawal of immunosuppressive therapy
could potentially augment COVID-19-related inflam-
mation, while maintenance of immunosuppressive
therapy might impair antiviral immune responses and
B cell antibody production. Thus, additional interven-
tional studies are needed to define the right treatment
regimen and the ideal time point for adapting immuno-
suppressive therapy in liver transplant recipients with
SARS-CoV-2 infection'”?. Moreover, the potential
interactions between experimental COVID-19 treat-
ments and immunosuppressive therapies require further
investigation.

Conclusions and future perspectives
The studies discussed in this Review have provided
new insights into the effects of immunosuppression in
patients with gastrointestinal diseases and COVID-19.
In patients with IBD, high-dose corticosteroid treat-
ment before SARS-CoV-2 infection has been identified
as a key risk factor for aggravated outcomes, suggesting
that corticosteroid therapy for IBD in general should be
reduced or avoided if possible'*'** (BOX 1). By contrast,
the WHO generally recommends systemic corticoster-
oids for the treatment of patients with severe COVID-19
in intensive care units'*® (BOX 2). The WHO recommen-
dations were based on data indicating that systemic
corticosteroids probably reduced the risk of 28-day
mortality compared with no corticosteroid therapy'?’.
However, in patients with non-severe COVID-19, sys-
temic corticosteroids might increase the risk of 28-day
mortality and are thus not currently recommended'*”'*.
Non-glucocorticoid immunosuppression in patients
with IBD and liver transplant recipients per se appears
not to be a risk factor for aggravated outcomes and
could even exert a protective effect against the most
severe forms of COVID-19. Therefore, complete with-
drawal of immunosuppression is not advisable®*”"!*117,
Studies in liver transplant recipients have additionally
highlighted the potential benefits of tacrolimus therapy,
whereas one study described the potentially deleterious
effects of mycophenolate therapy. These results should
be considered in attempts to modulate immunosuppres-
sion in liver transplant recipients during COVID-19
but they require further confirmatory studies''*'"".
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Box 3 | Key IOIBD and AASLD recommendations for COVID-19 vaccination
in patients with IBD and liver transplant recipients

10IBD recommendations: patients with IBD**”

e Patients with inflammatory bowel disease (IBD) should be vaccinated against severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2); the best time to administer
SARS-CoV-2 vaccination in patients with IBD is at the earliest opportunity to do so.

* SARS-CoV-2 vaccines, including messenger RNA vaccines, replication-incompetent
vector vaccines, inactivated vaccines and recombinant vaccines, are safe to
administer to patients with IBD.

* SARS-CoV-2 vaccination should not be deferred because a patient with IBD is
receiving immune-modifying therapies.

* Patients with IBD vaccinated with SARS-CoV-2 should be counselled that vaccine
efficacy may be decreased when receiving systemic corticosteroids.

AASLD recommendations: liver transplant recipients'*®

* Vaccination against SARS-CoV-2 is recommended for all liver transplant recipients.

* The best time to administer the SARS-CoV-2 vaccine in liver transplant recipients
is likely at least 3 months post-liver transplant when immunosuppression is lower;
however, immunization may be given as early as 6 weeks post-transplant, especially
for the highest risk individuals with other comorbid factors.

* Areduction in immunosuppression is not recommended in liver transplant recipients
solely to elicit an immune response to immunization against SARS-CoV-2 as there is a
risk of acute cellular rejection with lower immunosuppression.

* Avoid SARS-CoV-2 vaccination in liver transplant recipients with active acute
rejection, those being treated for acute cellular rejection, or those on high daily doses
of corticosteroids until the episode is resolved and their baseline immunosuppression
re-established.

¢ Given the life-saving nature of liver transplantation, deceased donor transplantation
should not be delayed in a patient who received a SARS-CoV-2 vaccine.

e If the patient is due for a second dose of vaccine in the immediate post-transplant
period, this may be delayed 6 weeks to elicit a better immune response.

* Potential live liver donors and recipients of live donor livers should receive the second
dose of the SARS-CoV-2 vaccine at least 2 weeks before transplantation.

AASLD, American Association for the Study of Liver Diseases; COVID-19, coronavirus disease
2019; I0IBD, International Organization for the study of Inflammatory Bowel Diseases. |IOIBD
recommendations adapted by permission from BM] Publishing Group Limited (REF.**"). AASLD
recommendations adapted with permission from REF.*°, Wiley. This article is protected by
copyright. All rights reserved.

In IBD, protective effects of the use of cytokine blockers
on COVID-19 have been reported in some studies and
require further investigation. Thus, controlled clinical
trials and further research on the use of immunosup-
pressive and biologic agents are of critical relevance for
an improved understanding of COVID-19 pathogenesis
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gastrointestinal diseases and/or immunosuppres-
sion (BOX 3). Currently, there is a constantly growing
vaccine pipeline for SARS-CoV-2 and 19 phase I, 23
phase I/11, 6 phase II and 20 phase III studies are in
progress'”’. These approaches include vaccines with
RNA (Pfizer-BioNTech, Moderna), DNA, proteins or
protein subunits (Novavax), viral vectors (Johnson &
Johnson, Oxford-AstraZeneca, Gamaleya Research
Institute of Epidemiology and Microbiology), and
inactivated vaccines or attenuated viruses (Sinopharm,
Sinovac, Sinopharm’s unit in Wuhan, Bharat Biotech)
to prevent SARS-CoV-2 infection'*". Moreover, sev-
eral vaccines have been approved in Europe, the USA
and the UK, including two mRNA vaccines (Moderna,
Pfizer-BioNTech) and one vaccine with an adenovi-
rus vector in the UK (Oxford-AstraZeneca). In addi-
tion, a combined adenoviral vector vaccine, denoted
Gam-COVID-Vac (Sputnik V from Gamaleya Research
Institute), that is based on rAd type 26 (rAd26) and rAd
type 5 (rAd5), was recently approved (emergency per-
mit) in Hungary'’'. Although these vaccines hold great
promise for the prevention of SARS-CoV-2 infection
in patients on immunosuppressive or biologic therapy,
more data on their efficacy are clearly needed as patients
with IMIDs have not been studied in detail in the clinical
trials so far. In the absence of available data on vaccina-
tion effects, antibody responses in these patients should
be closely monitored as concomitant immunosuppres-
sive or biologic therapy might affect T cell immunity
and antibody production by B cells. In agreement with
this concept, reduced pneumococcal and HIN1 influ-
enza vaccine response rates were previously observed in
patients with IBD receiving thiopurines and anti-TNF
antibodies'*~"**. Moreover, infliximab treatment in IBD
has been associated with attenuated serological antibody
responses to SARS-CoV-2 upon infection that were
further reduced by concomitant immunosuppressive
therapy'*. Thus, in patients taking immunosuppress-
ive drugs, including biologic agents and small-molecule
inhibitors, the key concerns of SARS-CoV-2 vaccines
currently relate to the theoretical risk of suboptimal
vaccine responses rather than to their adverse effects'*.
Nevertheless, patients with IBD and liver transplant
recipients, just like the general population, are at risk of
COVID-19 and should be encouraged to follow strict
hygiene and social distancing measures and to consider

and its effect on IMIDs in gastrointestinal diseases.

SARS-CoV-2 mRNA vaccines should be consid-

ered for the prevention of infection in patients with

early access to vaccination whenever available
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