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Abstract: Coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), which is spreading as a pandemic in 2020. Few reports on infections in
thoracic transplantation have been published so far. We present a case of COVID-19 in a 55-year old
female lung transplant recipient infected 5 months posttransplant, who additionally was co-infected
with a Norovirus. Respiratory and gastrointestinal symptoms were observed without need of therapeutic
escalation except for antibiotic therapy. We observed a moderate disease evolution likely due to
triple immunosuppression.
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1. Introduction

In late 2019, a novel coronavirus, caused by severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) emerged from Wuhan, China [1]. This virus leads to the coronavirus disease 2019
(COVID-19), currently causing a pandemic with worldwide severe economic and healthcare
consequences [2]. Among the most dominant clinical characteristics are fever, cough and fatigue,
whereas gastrointestinal symptoms are rather uncommon. Critical disease conditions may be caused
by severe and sustained systemic inflammatory responses (hyperinflammation or “cytokine storm”)
and a cytopathic effect, leading to acute respiratory distress syndrome (ARDS), septic shock, metabolic
acidosis that is hard to correct, coagulation dysfunction and multiple organ failure. The exact viral
host factors that influence the pathogenesis are still being investigated. The SARS-CoV-2 infection
binds to human host cell receptors, using human angiotensin-converting enzyme 2 (hACE2), although
there are more factors influencing susceptibility to infection and disease progression. Elderly people
(>65 years of age) with underlying diseases such as hypertension, chronic obstructive pulmonary
disease (COPD), diabetes and cardiovascular disease seem more susceptible to an infection and prone to
serious outcomes of this viral disease [3]. Since the spread of SARS-CoV-2 around the world, there have
only been a few case reports describing COVID-19 in patients after solid organ transplantation (SOT).

We present a case of COVID-19 in a lung transplant (LTX) recipient presenting with fever and
gastrointestinal symptoms in our emergency department.
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2. Case Report

A 55-year-old female with advanced chronic obstructive pulmonary disease (COPD) underwent a
successful bilateral LTX 5 months earlier. Induction therapy (basiliximab) was used, and the patient
was started on a standard immunosuppressive regime (cyclosporine—C2 target level 1200–1500 µg/L
after 48 h), 1.0 g bid mycophenolate mofetil, and i.v. methylprednisolone according to our standard
protocol. In March 2020 she presented with vomiting, diarrhea and a 38.9 ◦C fever in our emergency
department. In the recent months and weeks, she had an uneventful post-transplant course except
for a switch from cyclosporine to tacrolimus because of strongly variable trough levels. A recent
surveillance bronchoscopy showed no evidence of acute cellular rejection and a stable allograft function
with an FEV1 of 104% predicted based on standard triple immunosuppressive therapy (tacrolimus,
mycophenolate and prednisolone). At the time of presentation, she had a new onset of mild respiratory
symptoms consisting of a dry cough and rhinorrhea. Due to the fever, respiratory symptoms and
ongoing SARS-CoV-2 pandemic, diagnostic sampling included blood, feces, and urine and a nasal swab
for SARS-CoV-2. The nasopharyngeal swab for SARS-CoV-2 was positive, prompting hospitalization on
a special isolation ward. Feces were positive for norovirus after having been negative 2 months earlier.
The stool specimen tested negative for SARS-CoV-2. The serological antibody test for SARS-CoV-2
IgG und IgM was negative 14 days after the positive nasopharyngeal swab test. The main results
at presentation included CRP 77 mg/L, leukocytosis (9.9 g/L), neutrophilia (8.96 g/L) and a marked
declining lymphocytopenia (0.52 g/L, previously 1.3 g/L). The arterial blood gas analysis was within
normal limits, thus no oxygen supplementation was given initially. Initial serum interleukin (IL-)6 was
slightly elevated 4.5 pg/mL (Ref < 3.1) and decreased subsequently. Soluble IL-2-receptor (sIL-2R) was
394 pg/mL (Ref < 477) at presentation, increased up to 2778 on day 6 and decreased to normal levels
(327) on day 15. IgG was in the lower normal range with 7.1 g/L (7–16). Five days after admission,
CRP dropped to 5.7 mg/L (Ref < 5 mg/L). Bronchoalveolar lavage was not performed due to the
favorable clinical evolution and the lack of respiratory deterioration. Chest computed tomography
(CT) imaging revealed, at initial presentation, three small new solid nodular consolidations without
predominant ground-glass opacities or pleural effusions (Figure 1a−c). These findings had not been
observed 3 months earlier in a routine CT examination. The consolidations diminished over time and
some of them disappeared completely in a follow up chest CT 6 weeks later (Figure 1d–f).
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Figure 1. (a–c) new pulmonary consolidations in the chest computed tomography (CT) on March 18th
that were not visible in a chest CT 3 months before. (d–f): All of the consolidations resolved partially or
completely in the follow-up chest CT 6 weeks later.

The patient was treated empirically with intravenous piperacillin/tazobactam 4.5 g every 8 h for
10 days. We administered neither lopinavir/ritonavir nor hydroxychloroquine, the drug regimen for
COVID-19 used predominantly in China and Italy at that time and also the drug regimen for severe
cases at our hospital then. This treatment was withheld due to the fairly stable condition of the patient
without signs of respiratory deterioration in the first hours of hospitalization and due to concerns
about potential drug interactions in this LTX recipient. The clinical evolution was favorable, with the
normalization of temperature, stool frequency and no further vomiting. The dry cough and rhinorrhea
were resolved within a week. Spirometry remained stable throughout. After three consecutive negative
nasal and pharyngeal swabs for SARS-CoV-2, the patient was discharged on day 12 and quarantined at
home, with additional empiric amoxicillin/clavulanic acid for 7 days. Lung function continues with
steadily increasing allograft function with an FEV1 of 113% predicted on day 201 posttransplant.

3. Discussion

We observed a SARS-CoV-2 infection presenting with fever, respiratory and gastrointestinal
symptoms in a severely immunosuppressed LTX recipient with good evolution during hospitalization on
intravenous empiric antibiotics. We did not administer the drug regimen for COVID-19 recommended
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at that time, which included lopinavir/ritonavir and hydroxychloroquine due to potential drug–drug
interactions and absence of deterioration during hospitalization and also because of emerging evidence
of the antiviral combination lacking therapeutic benefits [4]. The special features of this SARS-CoV-2
infection in this LTX recipient were: (1) predominant gastrointestinal symptoms at presentation with
a diagnosis of norovirus co-infection and fairly mild respiratory symptoms, despite some new and
atypical findings on chest imaging that showed regression in the follow-up chest CT 6 weeks later,
(2) a moderately elevated pro-inflammatory response (no “cytokine storm” or hyperinflammation)
during early infection, probably blunted by immunosuppression, and (3) a delayed increase in sIL-2R,
which normalized after admission.

We assume the positive outcome in this case was due to profound immunosuppression, probably
because this averted most inflammatory responses, with an initially reduced cytokine storm and a lack
of progression of pulmonary infiltrates, both of which are typically observed in SARS-CoV infection of
immunocompetent patients [5,6]. The inflammatory immune reaction was limited to a mildly increased
IL-6 at presentation and a sIL-2R peak after 1 week, which returned to reference values one week later.
The observed inflammation markers were only slightly raised when compared to the reported cytokine
data in immunocompetent COVID-19 patients. This modified inflammatory response correlates with
the mild clinical course, since cytokines like IL-6 and sIL-2R are described as useful markers to estimate
the severity of COVID-19 [7]. The pathogenetical role of IL-6 in COVID-19 manifestations is still not
fully understood and there is currently a lack of evidence of the beneficial therapeutic impact of IL-6
inhibitors. The current multicenter randomized controlled trial of tocilizumab (IL-6 receptor blockade,
licensed for cytokine release syndrome) in patients with severe pneumonia due to SARS-CoV-2 and
elevated IL-6 may shed more light on this topic. The N-protein of SARS-CoV seems responsible
for the cytokine dysbalance and for the inflammatory-mediated acute lung injury [8]. The lower
inflammatory response relies on glucocorticoids mitigating the N-protein of SARS-CoV-2-induced
pulmonary inflammation and modulating the involved cytokines. In the future, the harm and benefit
of corticosteroid treatment needs to be carefully considered in patients after SOT with SARS-CoV-2
infection. In immunocompetent patients, the routine administration of high doses of corticosteroids
are currently discussed controversially due to concerns that steroids might even exacerbate lung injury
by facilitating viral replication in patients with SARS-CoV-2-associated lung injury [9], as previously
shown in influenza pneumonia [10]. Another therapeutic approach supports immunosuppressive
therapy by aiming to reduce hyperinflammation in particular by using the mechanisms of action
observed for tacrolimus in similar settings. It targets the inhibition of viral replication and, accordingly,
leads to a reduction of virus titer [11,12]. Anti-inflammatory and anti-cytokine drugs seem to be
a promising therapeutic approach in controlling viral damage, assuming that SARS-CoV-2 invades
endothelial cells and induces endothelial inflammation, resulting in microvascular dysfunction with a
subsequent pro-coagulant state and ischemia in essential organs like the heart, lung, kidney, liver and
intestine, which also explains the worse clinical outcome of patients with pre-existing cardiovascular
disease [13]. In LTX recipients, respiratory viral infections have been shown to play a major role in acute
and chronic allograft dysfunction. Higher sIL-2R levels released from activated B-cells and monocytes
have been found in patients suffering from neoplastic, infectious and autoimmune diseases, but also in
SOT recipients affected by allograft rejection [14]. Although these results are suggestive of imminent
allograft dysfunction in our patient, the most recent results from the follow-up visit 6 weeks after
hospital discharge demonstrated a continuously increasing lung function and the chest CT scan showed
no evidence of chronic allograft dysfunction, as judged by the lack of detection of air trapping in
expiration images. Of course, a longer follow-up of the patient is needed to allow for a final assessment
of this aspect, since the onset of complications may be delayed by months. This case of COVID-19 has
an atypical pulmonary presentation in the initial chest CT, showing three small nodular consolidations
without predominant ground-glass opacities, which is in contrast to the already published cases in the
literature (Figure 1a–c). We attribute this to the suppressed immune system and the thereby modified
or reduced cytokine storm, which might explain the mild clinical course of the disease, as mentioned
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above. The follow-up chest CT showed diminished or completely dissolved consolidations as a sign of
recovery from the modified pulmonary involvement of COVID-19 (Figure 1d–f).

In order to understand the disease evolution and to choose the optimal time point in the disease
course for initializing therapy, COVID-19 illness was classified recently into Stages I–III, representing
increasing grades of severity [15]. Our patient would be placed between early infection (Stage I:
mild symptoms, lymphocytopenia, dry cough and diarrhea) and the beginning of the pulmonary
phase (Stage II A: abnormal chest imaging).

Viral diseases can have atypical presentations, as has been observed for the different clinical
manifestations of SARS-CoV-2 infection and COVID-19 [2,16,17]. SOT recipients should therefore
remain cautious avoiding infection [6,18]. Due to atypical presentations, an infection with SARS-CoV-2
may also lead to delay in diagnosis if there is not a high index of suspicion initially for SARS-CoV-2.
A kidney transplant recipient, initially suffering from gastrointestinal symptoms, but then developing
respiratory symptoms within 48 h, has recently been described [18].

An important feature was the clinical presentation with vomiting, diarrhea and fever up to 38.9 ◦C.
Fever and diarrhea seem to be common initial symptoms in SOT, which has also been reported in
SOT recipients under immunosuppressive therapy [19–21]. Until today, SARS-CoV-2-infected patients
after SOT are scarce compared to the worldwide incidence of COVID-19 [22–25]. We suspect an
underestimated number of SARS-CoV-2 infections in SOT due to atypical clinical presentations thus
often not qualifying the patient for SARS-CoV-2 testing in many centers. Moreover, the prudent
behavior of LTX recipients and other SOT recipients due to the fear of infectious disease may also
explain the low number of COVID-19 cases among these patients.

The stool specimen of our patient was positive for norovirus. Norovirus might increase gastrointestinal
wall permeability, resulting in diarrhea and leading to a secondary SARS-CoV-2 infection by fecal–oral
transmission [26]. However, this hypothesis cannot be proven, especially since diarrhea is a common
manifestation of COVID-19 in immunocompetent and solid organ transplant recipients. Based on the
current knowledge we cannot determine the route of infection of this patient since no index patient
could be found, and because the patient presented with both gastrointestinal and respiratory symptoms.

4. Conclusions

We describe a fairly mild COVID-19 case in a severely immunosuppressed LTX recipient with
good evolution on empiric intravenous antibiotics only. Immunosuppressive therapy might have
averted the cytokine storm and the progression of pulmonary disease typically observed in some
SARS-CoV-2 infections of immunocompetent patients. Diarrhea is described as a common symptom,
even as an isolated manifestation in COVID-19. We assume that immunosuppression may modify the
clinical presentation of COVID-19 after SOT. Immunosuppression, in particular tacrolimus, may avert
the strong immunological reactions and therefore prevent some of the sequalae of SARS-CoV-2. For this
reason, typical respiratory symptoms consisting of a cough and shortness of breath may not always
be observed in these patients, thus creating new challenges for infection control and preventing the
spread of the disease. This is the beginning of a new infectious era, leading to a global health crisis
wherein potential harms need to be anticipated as soon as possible. The increasing SARS-CoV-2
transmission and resultant emerging pandemic are still beyond human control because of the altered
biologic characteristics that provide SARS-CoV-2 its virulence and thus this virus poses a real challenge
for future drug development. Physicians treating COVID-19 should be encouraged to include their
patients in randomized controlled trials in order to gain the clinical evidence so urgently needed in
the care of patients suffering from severe COVID-19. Further studies are required to confirm the
abovementioned hypothesis before immunosuppression may be safely proposed as a supportive
treatment approach in immunocompetent and SOT recipients.
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