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1  |  INTRODUC TION

Severe acute respiratory syndrome coronavirus 2 (SARS- CoV- 2) first 
emerged in Wuhan, China as the cause of an unusual pneumonia 
and quickly spread throughout the globe to be declared a global 

pandemic by the World Health Organization (WHO) on March 11, 
2020. Initially, children were reported to be less frequently affected 
and to have mild respiratory illness without the hyperinflammatory 
response reported in a subset of adults.1 However, in April 2020, 
physicians in the United Kingdom reported a cluster of cases of 
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We present the case of a 3- year- old female liver transplant recipient with a history of 
Caroli disease who presented with positive severe acute respiratory syndrome coro-
navirus 2 (SARS- CoV- 2) reverse transcription polymerase chain reaction (RT- PCR) test 
and was ultimately diagnosed with multisystem inflammatory syndrome in children 
(MIS- C) complicated by portal vein thrombosis. To the best of our knowledge, this 
is the first case report of MIS- C in a pediatric solid organ transplant (SOT) recipient. 
Based on our patient, MIS- C could be a potential complication of Coronavirus disease 
2019 (COVID- 19) in SOT recipients and may have a negative outcome on transplant 
graft function.
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children with a hyperinflammatory syndrome including fever, hy-
potensive shock, elevated markers of inflammation, gastrointesti-
nal symptoms, and cardiac dysfunction that resembled Kawasaki 
Disease.2 On May 14, 2020, the United States Center for Disease 
Control (CDC) published a Health Advisory to clinicians suggesting 
that this cluster of symptoms occurring 4– 6 weeks after COVID- 19 
infection may be an entity called multisystem inflammatory syn-
drome in children (MIS- C).3

The MIS- C case definition from the CDC includes age less than 
21 years, fever greater than 38.0°C for 24 or more hours, labora-
tory evidence of inflammation, severe clinical illness requiring hos-
pitalization, multisystem organ involvement, evidence of current 
or recent SARS- CoV- 2 infection, and no alternative plausible diag-
nosis.3,4 Laboratory evidence of inflammation can include elevated 
C- reactive protein (CRP), erythrocyte sedimentation rate (ESR), fi-
brinogen, procalcitonin, D- dimer, ferritin, lactic acid dehydrogenase 
(LDH) or interleukin 6 (IL- 6), neutrophilia, lymphocytopenia, or hypo-
albuminemia.3,4 Multisystem involvement is defined as two or more 
organ systems involved including cardiac, renal, respiratory, hemato-
logic, gastrointestinal, dermatologic or neurologic.3- 5 Most children 
with MIS- C are previously healthy and a disproportionate number 
of cases have been reported in children of Black and Hispanic race/
ethnicity.3- 5

COVID- 19 in pediatric transplant recipients has been infre-
quently reported. A report by Goss et al., including five US pediat-
ric transplant centers, describes asymptomatic to mild respiratory 
COVID- 19 illness in 26 solid organ transplant (SOT) recipients.6 Bush 
et al. also described mild respiratory COVID- 19 illness in a pediatric 
renal transplant recipient.7 To our knowledge, MIS- C has not been 
reported in pediatric SOT recipients.

2  |  CLINIC AL C A SE

Our patient is a 3- year- old African American female liver transplant 
recipient who presented with a positive SARS- CoV- 2 reverse tran-
scription polymerase chain reaction (RT- PCR) test and concern for 
MIS- C. The patient had a history of end- stage liver disease sec-
ondary to Caroli disease and received a whole organ pediatric liver 
transplant with Roux- en- Y hepaticojejunostomy 394 days prior to 
presentation. Her post- transplant course was complicated by right 
hepatic artery thrombosis on post- operative day (POD) 7, persis-
tent Epstein- Barr virus (EBV) DNAemia, and portal vein thrombosis 
requiring percutaneous recanalization by interventional radiology 
with subsequent normal blood flow. She was receiving tacrolimus 
and enoxaparin at prophylactic dosing and had preserved allograft 
function with near normal aminotransferases on routine laboratory 
check 2 weeks prior to presentation.

The patient was initially admitted with new onset oliguric renal 
failure, supratherapeutic tacrolimus levels (15.2 ng/ml), and hypo-
natremia (serum sodium 126 meq/L). Her enoxaparin level was un-
detectable consistent with a history of poor adherence. Allograft 
function was within normal limits (aspartate transaminase [AST] 13 

U/L, alanine aminotransferase [ALT] 29 U/L, total bilirubin 0.75 mg/
dl, gamma- glutamyl transferase [GGT] 18 U/L, INR 1.42 sec). Hours 
after admission, she developed fever of 38.2°C (Figure 1) and was 
found to be SARS- CoV- 2 positive by RT- PCR ([Abbott] test detecting 
the RdRp and N genes of SARS- CoV- 2 virus, sensitive to 100 RNA 
copies/ml). She had associated cough without respiratory distress 
or oxygen requirement, but chest radiograph demonstrated bilat-
eral scattered lung opacities within the lower chest. The patient had 
several family members who were SARS- CoV- 2 positive 2 weeks 
prior to presentation. She was presumed to have primary COVID- 19 
infection in the setting of chronic immunosuppression. She did not 
receive COVID- 19 directed therapy.

On day of illness (DOI) 2, she continued to have fevers and devel-
oped an erythematous rash over her trunk, neck and face with des-
quamation of the perineal area, and oral mucosal changes consistent 
with a “strawberry tongue”. She was also noted to have periocular 
swelling and eyelid edema without conjunctivitis. She developed ab-
dominal distention after several episodes of diarrhea. Her evaluation 
was expanded based on the evolving presentation.

Laboratory testing on DOI 2 revealed lymphopenia (absolute 
lymphocyte count 210 cells/ul), thrombocytopenia (132 × 103/ul), 
and systemic inflammation with elevated CRP (18.9 mg/dL), eryth-
rocyte sedimentation rate (25 mm/hr), ferritin (361 ng/ml), and D- 
dimer (7,822 ng/ml) (Figure 1). B- type natriuretic peptide (BNP) was 
elevated at 1073 pg/ml. SARS- CoV- 2 IgG antibodies were reactive. 
Although at admission her echocardiogram was reported as normal, 
a repeat echocardiogram on DOI 7 reveled mild dilation of the left 
main coronary artery without aneurism (Z- score +2.67) and pre-
served cardiac function. SARS- CoV- 2 IgM testing was not available 
initially; but on DOI 16, IgM antibodies were not reactive and IgG 
antibodies remained positive. Given these clinical and laboratory 
findings, she fulfilled the case definition for MIS- C.

She was treated with intravenous immunoglobulin (IVIG) 2 g/kg 
once on DOI 3. She tolerated the infusion well and subsequently 
had resolution of fever on DOI 4. Upon admission, the tacrolimus 
was held secondary to the supratherapeutic level and subsequently 
the dose was adjusted to maintain goal trough levels between 5 and 
7 ng/ml. Enoxaparin was resumed at admission and a therapeutic 
level was achieved by DOI 6. Following the repeat echocardiogram, 
she was also started on high dose aspirin, 30 mg/kg/day for 5 days 
followed by 3 mg/kg/day, until a repeat echocardiogram on DOI 28, 
which revealed resolution of the coronary dilation. Her SARS- CoV- 2 
RT- PCR resulted as negative on DOI 13.

Her hospital course was complicated by increasing liver enzymes 
(AST 132 U/L, ALT 66 U/L, total bilirubin 0.23 mg/dl, GGT 39 U/L) 
and liver ultrasound with Doppler showed complete occlusion of the 
extrahepatic portal vein with lack of blood flow on DOI 13. Notably, 
a liver ultrasound upon admission had reported patent blood flow 
in the main portal vein. She underwent re- cannulation of the main 
portal vein by interventional radiology. The blood flow in the portal 
vein was re- established and the patient continued to receive enox-
aparin therapy. At the time of discharge on DOI 26, all laboratory 
abnormalities had resolved.



2598  |    PETTERS ET al.

3  |  DISCUSSION

Multisystem inflammatory syndrome in children (MIS- C), a suspected 
post- infectious hyperinflammatory response following COVID- 19, 
may present with overlapping symptoms of acute COVID- 19 or signs 
of Kawasaki Disease.3,8 Multiple reports during the pandemic have 
provided clinical features and treatment recommendations, increas-
ing a clinician's ability to diagnose this novel illness and distinguish 
it from primary COVID- 19.4 However, there is little known about 
MIS- C and its related complications in pediatric SOT recipients. In 
fact, it is hypothesized that pediatric SOT patients may have a less 
robust immune or inflammatory response to COVID- 19 given their 
immunosuppressed status.6,9 A single case has been reported of an 
adult renal transplant patient with a hyperinflammatory response 
after recovery of COVID- 19.10 There have been no reported cases of 
MIS- C after pediatric SOT. Our case is unique as it describes a young 
liver transplant recipient who fulfilled the case definition for MIS- C.

Initially, our patient presented with apparent acute COVID- 19 
illness, as she had respiratory symptoms with a positive RT- PCR for 
SARS- CoV- 2. However, she rapidly developed evidence of inflamma-
tion and clinical features concerning for MIS- C, prompting further 
testing, including antibodies to SARS- CoV- 2 and cardiac evalua-
tion. Although respiratory symptoms are not a prominent feature of 
MIS- C, the presence of respiratory symptoms does not exclude the 
possibility of MIS- C, particularly as the spectrum of manifestations 

of MIS- C in immunocompromised patients is unknown.3 Published 
large MIS- C cohorts indicate that many MIS- C patients present with 
mild respiratory symptoms, infiltrates on chest radiograph, and pos-
itive SARS- CoV- 2 nucleic acid tests as noted in our patient.3,8 The 
timing between our patient's prior exposure to COVID- 19 infected 
family members and her febrile presentation added to her clinical 
features of rash with desquamation, strawberry tongue, coronary 
dilation and elevated BNP, favor a diagnosis of MIS- C over primary 
COVID- 19. It is notable that immunosuppressed patients may shed 
virus and have positive testing for a prolonged time after resolution 
of acute illness.11 Our patient fulfilled the case definition of MIS- C 
with features of Kawasaki Disease.3 She had fever, signs of systemic 
inflammation, clinical features of cardiac, renal, gastrointestinal, der-
matologic and hematologic dysfunction with positive SARS- CoV- 2 
RT- PCR and IgG antibodies. Additionally, while she had findings 
suggestive of Kawasaki Disease, including strawberry tongue and 
coronary artery dilation, she did not fulfill the criteria for complete 
or incomplete Kawasaki Disease. Her gastrointestinal symptoms, 
thrombocytopenia and positive SARS- CoV- 2 antibodies also support 
the MIS- C diagnosis over Kawasaki Disease.8 In total, her presenta-
tion was most consistent with MIS- C.

Our patient did not have shock as described in the literature in 
two to three- quarters of MIS- C patients and did not require care in 
the intensive care unit. She was hemodynamically stable throughout 
her illness without inotropic support or decreased cardiac function 

F I G U R E  1  Timeline of key clinical 
events with associated laboratory 
evidence of inflammation based on day 
of illness
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despite elevated BNP and echocardiogram findings of mild dilation 
of the left coronary artery noted on DOI 7. It is possible that her 
chronic immune suppression regimen could have contributed to 
reduce the severity of her MIS- C. True coronary artery aneurysm 
(CAA) are noted less frequently in MIS- C patients as opposed to 
Kawasaki Disease in which about one- fourth of untreated patients 
develop this finding.4

Management strategies of immunosuppression in the setting 
of acute COVID- 19 vary widely.12 Some centers report holding 
immunosuppression, while others caution discontinuation given 
the risk for allograft rejection.6 There were no published strate-
gies for transplant immunosuppressive management in MIS- C at 
the time of this patient's illness. Given the risk for rejection, we 
chose to titrate tacrolimus dosing to achieve pre- infection goals 
of 5 –  7 ng/ml.

Our patient had a history of hepatic artery and portal vein throm-
bosis that had been treated by endovascular therapies in the early 
post- transplant period. At the time of this illness, she had Doppler 
ultrasound assessment on admission with patent blood flow across 
the portal vein, but developed complete occlusion of the main portal 
vein after MIS- C despite anticoagulation with enoxaparin at thera-
peutic levels (0.5– 1 IU/ml). Thrombosis is less frequently reported 
after MIS- C than in adult primary SARS- CoV- 2 infection. Feldstein 
et al., reported 8 of 186 patients with thrombotic complications 
with MIS- C.8 In a patient with an underlying anatomic risk factor for 
thrombosis, such as previous history of portal vein thrombosis after 
liver transplantation, the risk for recurrent thrombus formation and 
vascular compromise after MIS- C might be increased.

Our case highlights that MIS- C may occur in pediatric posttrans-
plant patients despite immunosuppression and that liver transplant 
recipients with MIS- C might have an increased risk of thrombotic 
complications, specifically, portal vein thrombosis with possible 
compromise of the allograft needing additional interventions. In the 
context of endemic circulation of SARS- CoV- 2, clinicians should be 
aware of this complication after viral infection and actively evaluate 
blood flow to the liver allograft in children with MIS- C.13 This is es-
pecially relevant in patients with other risk factors for hypercoagula-
bility, and when treatment includes the use of IVIG.

This case illustrates that SOT patients can develop MIS- C after 
COVID- 19 and should be evaluated for complications and potential 
effects of SARS- CoV- 2 infection and inflammation on the allograft in 
the correct clinical context. This case has led our transplant hepatol-
ogy team to consider MIS- C in liver transplant recipients presenting 
with fever and positive SARS- CoV- 2 testing and to serially evaluate 
these patients for thrombotic complications of the allograft.
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