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LETTERS FROM THE FRONTLINE

Impact of the Severe Acute Respiratory 
Syndrome Coronavirus 2 Outbreak on 
Pediatric Liver Transplant Recipients in 
Lombardy, Northern Italy
TO THE EDITOR:

The novel severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) disease, coronavirus disease 2019 
(COVID-19), represents an unprecedented public 
health issue for the general population and for patients 
with underlying chronic conditions.(1) Compared with 
adults, children seem to have a milder course of the 
disease, with very few requiring medical attention.(2)

Reports of critical disease in adults and children 
with cancer have raised concerns about the risk of 
severe COVID-19 course in patients with immune 
system impairment, including recipients of solid organ 
transplants on longterm immune suppression.(3)

Because severe COVID-19 represents an 
immune-inflammatory overresponse to SARS-CoV-2, 

immune suppression might not represent an issue or 
even be protective against lung injury.(4) Recent reports 
by our team are reassuring on the basis of direct expe-
rience and the lack of any evidence that immunosup-
pression was an additional risk factor for the disease in 
previous coronavirus epidemics.(5,6)

Thousands of children are living worldwide with a 
liver transplantation (LT), but no reports have been 
released about the impact of COVID-19 in this pop-
ulation, especially due to the difficulties in obtaining 
clinical information during the pandemic.

As the most affected region in a country where true 
infections certainly exceed those detected by orders 
of magnitude, Lombardy can be considered one of 
the areas with the highest COVID-19 prevalence 
worldwide.(7) The Hospital Papa Giovanni XXIII in 
Bergamo, which is located in the epicenter of the out-
break, is also the largest Italian pediatric liver trans-
plantation (PLT) center.

To overcome the limitations in patients’ access to 
health care during the outbreak, we designed a tele-
phone survey aiming to collect information on the 
health status and the exposure risk during the SARS-
CoV-2 pandemic of children followed at our PLT cen-
ter and residing in a high-prevalence area in northern 
Italy.

Data records of all patients who underwent LT 
between 0 and 17 years of age, as a part of the Bergamo 
program from 1997 to 2019, and residing in Lombardy 
between January 2020 and April 2020 were selected. 
Between April 6 and 17, 2020, a 18-question phone 
interview to the patients or patients’ caregivers was 
carried out to address the following: demographic fea-
tures, patient medical history and immunosuppressive 
(IS) treatment, history of contacts with suspected or 
confirmed COVID-19 cases, occurrence of symptoms 
suggestive for COVID-19, referral to a hospital for any 
reason, testing for SARS-CoV-2 infection, and the 
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presence of suspected or confirmed COVID-19 among 
family members or relatives (Supporting Information).

Suspected cases of COVID-19 were defined by at 
least 1 of the following 2 conditions:
1. An episode of acute respiratory tract infection 

(sudden onset of at least 1 of the following: 
cough, fever, or shortness of breath).

2. Close contact with a confirmed or highly probable 
patient with SARS-CoV-2 infection.(1)

Confirmed patients with COVID-19 were de-
fined by a positive nasal-pharyngeal swab (NPS) for 
SARS-CoV-2 nucleic acid testing using real-time  
reverse-transcriptase polymerase chain reaction 
assay.(1) The severity of illness was classified as in pre-
vious studies.(1,2)

We based the epidemiological assumptions on a 
recently published SARS-CoV-2 prevalence model 
that estimated that 13.3% of the Lombardy popula-
tion has been infected (corresponding to approximately 
1,338,056 patients).(8) To minimize the proportion of 
undetected SARS-CoV-2 in patients within the pedi-
atric age range given the lack of severity of symptoms, 
we selected population data from the Veneto region 
with the highest number of diagnostic tests performed 
in relation to the population.(9) Assuming that the age 
distribution of true patients in our region is close to 
that of the Veneto region (10.3% of the patients in the 
age group 0-19 years), considering local census data,(10) 
we calculated that approximately 137,820 patients 
with COVID-19 occurred in Lombardy in patients 
aged 0-29  years. With the previously mentioned 
assumptions, the estimated prevalence in our popula-
tion should have been as high as 4873 (95% confidence 
interval, 4847-4899) COVID-19 patients per 100,000 
inhabitants by the first week of April 2020.

Out of 519 patients, 364 residing outside the region 
of Lombardy during the study period were excluded 
(Fig. 1). A total of 155 patients (150 Italian patients 
residing in Lombardy, 5 cross-border patients tempo-
rarily residing in Bergamo) were included in the study 
(male:female = 85:70; mean age, 13.6 years; interquar-
tile range, 12.4-14.8 years).

Questionnaires were administered by telephone 
to the caregivers or to the patients themselves in 138 
patients (response rate  =  89%). A total of 156 PLTs 
were performed in these 138 patients at a mean age 
of 3.5 years (interquartile range, 2.8-4.3  years), in  
3 patients combined with kidney transplants, and in  
1 patient in the context of a multivisceral transplant. Biliary 

atresia was the primary disease leading to PLT in 55% of 
patients. The level of completeness of each question was 
high (overall percentage of received answers  =  99.6%). 
All patients (100%) were on IS treatment (data on 138 
patients, percentage of received answers 100%). Patients’ 
characteristics are displayed in Table 1.

Of 138 LT patients, 5 (4%) had close contact with 
a confirmed patient with COVID-19, and for 3 LT 
patients, the COVID-19–infected person was a parent. 
None of the patients developed symptoms suggestive 
of COVID-19, nor required oxygen administration or 
hospitalization for reasons related to COVID-19. An 
NPS was performed in 3 of these patients and yielded 
negative results.

Another 13 (9%) patients had contact with a sus-
pected patient with COVID-19, and the person was 
a household member for 5 patients. Eight patients 
(61%) developed symptoms compatible with COVID-
19, which were fever and cough in 7 (54%), fatigue in 
2 (15%), and anosmia, dysgeusia, and loss of appetite 
in 1 patient. None of these patients received a diag-
nostic NPS or chest imaging for suspected pneumonia 
because none required medical attention for the respi-
ratory illness.

fiG. 1. A flowchart of the patient cohort.

519 children
undergoing LT
(1997-2020)

Response rate
138/155 = 89%

Survey

155 residing in Lombardy
(150 Italian patients + 5 cross-border

patients temporarily present)

68 cross-border
patients staying in
their home country

296 Italian patients
residing outside Lombardy
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There were 44 (32%) patients who developed respira-
tory symptoms including fever (17%), cough (17%), sore 
throat (4%), fatigue (4%), vomiting (4%), and diarrhea 

(3%). Two patients presented gastrointestinal symptoms 
in the absence of respiratory illness. Overall, about one-
third of the surveyed patients had symptoms compat-
ible with COVID-19 in the study period, occurring 
38 ± 26 days before the interview. Only 1 patient was 
tested by NPS, which was negative for SARS-CoV-2.

None of the patients had respiratory failure, devel-
oped pneumonia, needed oxygen administration, nor 
required hospital admission. No patient reduced or 
withdrew IS treatment. A total of 39 (85%) patients 
had a full recovery by the time of the interview; the 
others were at home in good general conditions.

No confirmed case of COVID-19 occurred in our 
surveyed population.

With the previously mentioned epidemiologi-
cal assumptions, ie, the estimated prevalence in our 
population  =  4873 SARS-CoV-2 patients/100,000, 
7 infected patients were expected in our population. 
Considering patients with SARS-CoV-2 infection, 
all patients reporting respiratory symptoms, and 
the 2 with histories of close contact with confirmed 
COVID-19 patients, a total number of 48 patients can 
be defined as suspected.

Although an epidemiological criterion for sus-
picion of COVID-19 was present in 18 (13%), 
only 4 developed mild symptoms after being in 
contact with a confirmed or suspected patient with 
COVID-19 and, interestingly, none of the 5 house-
hold contacts of confirmed COVID-19 developed 
symptoms or was found positive for SARS-CoV-2 
on diagnostic NPS. This raises questions about 
whether children are less susceptible to SARS-
CoV-2 infection and not only to its more severe 
clinical implications.

On the other hand, about one-third of our patients 
reported mild or moderate respiratory symptoms pos-
sibly compatible with SARS-CoV-2 infection in the 
study period. Because of the reduced diagnostic capa-
bility and limited diagnostic policies, NPS was not 
performed in such patients. However, so-defined sus-
pected COVID-19 patients in the group of children 
and young adults receiving LT exceeded the estimated 
number of infections in the age-matched general pop-
ulation by 7-fold (34,782 versus 4873 patients per 
100,000). The most likely hypothesis to explain this 
difference is that the vast majority of mild respiratory 
syndromes are due to other etiologies than SARS-
CoV-2. In line with this, 18 children admitted to our 
pediatric hepatology ward for all causes in the study 
period had a negative SARS-CoV-2 screening NPS. 

taBLe 1. characteristics of 138 pLt recipients exposed to 
sars-cov-2 During the outbreak in northern italy

Number of Patients Value (n = 138)

Sex, female 60 (43.5)

Age at PLT, years 1.5 (0.3-17.9)

Age at survey, years 14.9 (1.2-34.8)

0-9 years 44 (31.8)

10-19 years 75 (54.3)

20-29 years 17 (12.3)

≥30 years 2 (1.4)

Type of graft

Whole liver 21 (15.2)

Segments 2 + 3 100 (72.5)

Segments 1 and 4-8 10 (7.2)

Other 7 (5.1)

Patients on IS treatment 138 (100)

Tacrolimus monotherapy 103 (74.6)

Tacrolimus + prednisone 13 (9.4)

Tacrolimus + mycophenolate 12 (8.6)

Tacrolimus + prednisone + mycophenolate 5 (3.6)

Cyclosporine monotherapy 3 (2.2)

Tacrolimus + azathioprine 1 (0.7)

Sirolimus monotherapy 1 (0.7)

Contact with suspected case of COVID-19 13 (9.4)

Contact with confirmed case of COVID-19 5 (3.6)

Suspected COVID-19 as per symptoms 44 (32)

Fever 24 (17.4)

Cough 24 (17.4)

Fatigue 5 (3.6)

Sore throat 5 (3.6)

Diarrhea and/or vomiting 5 (3.6)

Loss of appetite 1 (0.7)

Anosmia 1 (0.7)

Dysgeusia 1 (0.7)

Shortness of breath 1 (0.7)

Myalgia 1 (0.7)

Suspected COVID-19 as per contact with confirmed 
case

2 (1.4)

Total suspected COVID-19 infections 48 (34.7)

Confirmed COVID-19 infections 0 (0)

Discontinuation of IS therapy 0 (0)

Outcome

Survived 138 (100)

Hospitalized for suspected COVID-19 0 (0)
Died 0 (0)

NOTE: Data are given as n (%) or median (range).
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Conversely, the calculated number of infections in 
the young general population could be still underesti-
mated, as an effect of the poor diagnostic effort at the 
community level.(11)

The main finding of this research is that our young 
LT patients did not experience any severe respiratory 
infections, despite residing in one of the earliest- and 
hardest-hit areas worldwide, where the first patient 
infections likely date long before any distancing or 
isolation measures were in place. This raises the ques-
tion whether immunosuppression could be irrelevant 
or even protective against SARS-CoV-2 infection and 
its complications, which are mainly driven by a well- 
documented proinflammatory state.

Similar results were obtained in children receiv-
ing anticancer chemotherapy and in those taking 
immune-suppressant medications for inflammatory 
bowel disease.(6,12)

In conclusion, children, even when immunosup-
pressed, remain at low risk of severe or complicated 
COVID-19 disease. In this emerging public health 
context, there are no reasons to delay or interrupt 
oncological treatments or withdraw immune suppres-
sion, to postpone lifesaving treatments in LT patients, 
or to suspend transplant programs as an a priori pre-
ventative measure.

Further research will be needed to understand the 
actual incidence of SARS-CoV-2 infections in at-risk 
children and in the general pediatric population.
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