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Background. 'The burden of coronavirus disease 2019 (COVID-19) is poorly understood in pediatric patients due to frequent
asymptomatic and mild presentations. Additionally, the disease prevalence in pediatric immunocompromised patients remains
unknown.

Methods.
collected and an immunocompromising condition, including oncologic diagnoses, solid organ transplant (SOT), bone marrow

This cross-sectional study tested convenience samples from pediatric patients who had clinically indicated lab work

transplant, primary immunodeficiency, and rheumatologic conditions or inflammatory bowel disease on systemic immunosuppres-
sion, for the presence of antibodies to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

Results.  We tested sera from 485 children and observed SARS-CoV-2 seroprevalence of 1.0% (Confidence Interval [CI] 95%:
0.3%-2.4%). Two patients were positive by nasopharyngeal (NP) swab Reverse transcriptase polymerase chain reaction (RT-PCR),
but only 1 seroconverted. Patients with oncologic diagnoses or SOT were most likely to be tested for COVID-19 when presenting
with respiratory illness as compared with other groups.

Conclusions.  Seroprevalence of antibodies to SARS-CoV-2 in immunocompromised children was similar to that of an immu-
nocompetent pediatric population (0.6%, CI 95%: 0.3%-1.1%), suggesting an adequate antibody response. However, none of the
patients who tested positive for antibodies or via NP RT-PCR had more than a mild illness course and 2 patients did not have any
reported illness, suggesting that SARS-CoV-2 may not cause a worse clinical outcome in immunosuppressed children, in contrast to

immunocompromised adults.
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
first emerged in the winter of 2019 in Wuhan, China, and rapidly
made its way around the globe causing a pandemic of corona-
virus disease 2019 (COVID-19) [1]. Presentation of infection is
highly variable, ranging from asymptomatic persons to respira-
tory and multiorgan failure, requiring mechanical ventilation,
to death [2]. One population of particular concern is those who
are immunosuppressed, including those who have received solid
organ transplants (SOTs), bone marrow transplants (BMTs), che-
motherapy, or other immunomodulators. Immunosuppression
makes recipients more susceptible to infections, either through
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broad immunosuppression of chemotherapy [3], the suppres-
sion of T-cells [4], or tumor necrosis factor [5].

Reports on immunocompromised adults with SARS-CoV-2
infection, including SOT recipients [6], including lung [7] and
kidney [8-12], and patients receiving chemotherapy [13-16]
indicate an increased rate of hospitalization and mortality.
Adults taking biologics for immune-mediated inflammatory
diseases, however, have not had worse COVID-19 outcomes
[17]. Immunosuppressed adults have been demonstrated to ef-
fectively produce antibodies to SARS-CoV-2 infection, albeit a
bit delayed as compared with immunocompetent controls, al-
lowing serological studies to be utilized to determine the inci-
dence of infection in this population [18].

There have been limited reports of COVID-19 and pediatric
immunosuppressed patients. A case report [19] and small case
series [20] of pediatric heart transplant recipients and of a renal
[21] and liver [22] transplant recipient demonstrated minor ill-
ness course, as did reports of children with cancer [23-25].
Additionally, the capacity for pediatric immunosuppressed per-
sons to effectively make antibodies to this infection is not under-
stood. To the best of our knowledge, the burden of SARS-CoV-2
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disease and outcomes in the immunosuppressed pediatric popu-
lation through a serologic survey has not been evaluated.

Diagnosis of SARS-CoV-2 acute infection is best facili-
tated by Reverse transcriptase polymerase chain reaction
(RT-PCR)-based testing of nasopharyngeal (NP) swabs.
When SARS-CoV-2 began circulating in the United States
in January 2020, this testing was not widely available, and
while the virus easily spread across the country, the mobili-
zation and availability of testing were limited. This led many
centers to adopt an exposure and symptom-based testing
approach. Because children with SARS-CoV-2 infection are
often asymptomatic or only display mild symptoms, they
were underrepresented in this strategy [26, 27]. Antibodies,
in particular Immunoglobulin G (IgG), persist after an infec-
tion for months to years, thus serologic testing can be utilized
to characterize retrospectively the burden of a disease in a
population. However, there are emerging data that antibody
responses to SARS-CoV-2 infection may be short-lived, with
waning by 3 months, such that assessing serology in these pa-
tients may also underdetect previous infection [28].

We sought to understand the burden of SARS-CoV-2 infec-
tion in the pediatric immunocompromised population receiving
care at our hospital, including recipients of SOTs and BMTs, on-
cology patients on active chemotherapy, patients with primary
immunodeficiency, or patients taking immunomodulators for
rheumatologic or inflammatory bowel disease. We also wanted
to determine how the seroprevalence in the pediatric immuno-
compromised population differs from the total pediatric popu-
lation. We utilized remnant sera from patients receiving care at
the University of Pittsburgh Medical Center Children’s Hospital
of Pittsburgh (UPMC CHP), to surveil patients receiving care
at our institution for past infection with SARS-CoV-2. We col-
lected sera from convenience blood specimens drawn from
March to July 2020. Demographic information for each patient
was extracted from the electronic medical record (EMR) to de-
termine the factors associated with SARS-CoV-2 seropositivity
and to assess for reported clinical disease.

METHODS

Sampling Site

UPMC CHP is a quaternary pediatric hospital in Pittsburgh,
Pennsylvania, with a large catchment area, spanning the en-
tirety of western Pennsylvania and extending into eastern
Ohio, West Virginia, western Maryland, and western New York.
Additionally, our strong transplant program attracts pediatric
patients from all over the world. All laboratory testing drawn
at the clinical campus is processed through the UPMC clinical
labs with the majority of testing done on-site.

Sample Collection
This study was approved by the Institutional Review Board at
the University of Pittsburgh (IRB 20040027) for the collection

of convenience samples and EMR data. Data were stored in a
secure RedCap database [29].

Available data in adult patients suggested that IgG anti-
bodies are detectable 7 to 14 days from positive NP PCR [30, 31].
Therefore, sample collection began approximately 2 weeks fol-
lowing the March 2020 peak of cases of COVID-19 in Allegheny
county, where Pittsburgh is located. This initial peak occurred
between March 25 and April 15 based on the data from the
Allegheny County Department of Health (ACDH) [32]. This
study is a part of a larger pediatric seroprevalence study that se-
rially collected all pediatric remnant blood samples from UPMC
Children’s Hospital of Pittsburgh during 2 phases: from April
27, 2020 to May 19, 2020 and June 22, 2020 to July 4, 2020.
This larger pediatric seroprevalence study was used as the non-
immunocompromised patient comparison cohort, and both
phases were assessed as a single group. Patients from both phases
were included in this study. Only the first blood sample from each
individual patient was included. Samples included were from pa-
tients aged less than 19 years old who had an underlying condi-
tion for which they were immunocompromised, including SOT,
BMT, oncologic diagnosis on active chemotherapy, primary im-
munodeficiency, and rheumatologic condition or inflammatory
bowel disease on systemic immunosuppression. Patients were
excluded if they were below the age of 6 months (due to ma-
ternal antibody confounding), had a prolonged hospitalization of
greater than 30 days at the time of blood collection (due to lack of
community exposure), and if they were receiving treatments that
would specifically interfere with antibody production or profile
(i.e., intravenous or subcutaneous immunoglobulin, rituximab,
or bortezomib) in the 6 months prior to sample collection. The
larger pediatric seroprevalence study and this immunocompro-
mised subpopulation shared the same collection methodology
with the exception of zip code. The pediatric seroprevalence
study included only zip codes in southwestern PA, while the im-
munocompromised seroprevalence study included all-comers.

SARS-CoV-2 Antibody Testing

Laboratory-derived SARS-CoV-2 IgG testing was manu-
ally performed via enzyme-linked immunosorbent assay
utilizing the Euroimmun platform (PerkinElmer, Liibeck,
Germany) by certified medical technologists. This assay was
validated for use in the Clinical Laboratory Improvement
Amendments-certified high complexity clinical laboratories
at UPMC. The sensitivity of the assay is 98.7% and specificity
98.9% (at 14 days). Index values (IDV) are calculated by
taking the ratio of the sample to calibrator per manufacturer’s
instructions. Each positive specimen was confirmed by ad-
ditional testing on the Beckman Coulter SARS-CoV-2 IgG
automated Emergency Use Authorization (EUA) assay (Brea,
CA, USA). Specimens with discrepancies between the 2 tests
were further assessed on the Siemens Centaur SARS-CoV-2
Total automated EUA assay (Munich, Germany).
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Test-to-lliness Ratio

As part of the EMR review for each patient, if a patient had doc-
umentation of a febrile (temperature >38.0°C) or respiratory ill-
ness (cough, congestion, or shortness of breath) either through
phone message or clinical encounter between January 1, 2020
and the blood sample date, they were considered to have had a
prior illness that may have been consistent with SARS-CoV-2.
We then assessed how many of these patients were tested for
SARS-CoV-2 via NP RT-PCR in the context of this presenta-
tion. The test:illness ratio is the number of patients tested out of
the number of patients with recorded illness.

Statistics

We calculated apparent seroprevalence as the proportion of
confirmed reactive to total specimens. Apparent seroprevalence
within selected subgroups (type of immunocompromise) was
calculated as the proportion of confirmed reactive to total spe-
cimens in that subgroup. Confidence intervals were calculated
with the Clopper-Pearson Exact method. Chi-square analysis
was performed to compare the contingency analysis of test-
to-illness ratio. All statistical tests were evaluated using a sig-
nificance value of .05 and performed using GraphPad Prism
(version 7.0; GraphPad) software.

RESULTS

Patient Characteristics

In total, 485 patients were included in this study. Most of the
patients were oncology patients (42.7%), with a predominance
of hematologic malignancy (58.0%) over solid tumor malig-
nancy. Patients with SOTs made up 22.3% of the population
and not only were predominately liver (38.9%) and kidney
(31.5%) recipients, but also included recipients of heart, bowel,
multivisceral, and lung transplants. Six transplant patients re-
ceived multiple organs, including 1 heart/lung recipient, 1 liver/
lung, 3 liver/kidney recipients, and 1 combined liver and small
intestine (Table 1). Patients with inflammatory bowel disease
made up 21.4% of the population, followed by patients with
rheumatologic disease, BMT, and primary immunodeficiency.

The age of the patients ranged from 0.8 years to 18.9 years,
with a mean of 11.0 years and a median of 11.9 years. About
half of the patients were above the age of 12 (49.7%), and
nearly a quarter was from the 0- to 6-year (27.8%) and 6- to
12-year (22.5%) categories. There was a slight male predomi-
nance (53.4%) and most of the patients identified as Caucasian
(85.6%) (Table 1).

During the study period, 27.2% of the patients reported a
febrile or respiratory illness, most of which was greater than
2 weeks prior to the blood collection utilized for the study
(71.2%). In total, 15.7% of this population was tested for SARS-
CoV-2 acute disease with NP RT-PCR-based testing due to
presenting symptoms or in anticipation of a procedure. Only 2
patients tested positive for SARS-CoV-2 via this method (0.4%

of the population and 2.6% of those tested). One of those pa-
tients was admitted for observation for a period of 6 hours,
while the other patient recovered as an outpatient. Both patients
who tested positive for SARS-CoV-2 had ill family members,
one family tested positive for SARS-CoV-2, while the other
family had a member who worked in a skilled nursing facility
who was ill but was not tested. No other exposures were docu-
mented in the study cohort.

In order to understand which population was most likely to
be tested for SARS-CoV-2 during acute illness, we devised the
“testing-to-illness ratio” for each population, or a metric of how
many patients were tested out of the total number of patients
who had a presentation of respiratory or febrile illness begin-
ning January 1, 2020 until sample date based on EMR review.
Analysis of the immunocompetent patients in our companion
study demonstrated that immunocompromised patients were
more than 3 times as likely to be tested for SARS-CoV-2 when
presenting for a respiratory or febrile illness during this time
(P <.0001) (Table 2). This testing index was highest for the on-
cology population (P < .0001), followed by SOT (P < .0001).
Rheumatologic patient and Inflammatory Bowel Disease (IBD)
patients were not tested at a rate significantly higher than their
immunocompetent counterparts. Neither BMT nor primary
immunodeficiency had any patients tested (Table 1).

Of the entire cohort, 5 patients (1.0%) were found to have IgG
antibodies to SARS-CoV-2 Spike protein. Two patients with pos-
itive antibodies were from the rheumatology category (systemic
juvenile idiopathic arthritis and idiopathic bilateral uveitis), 2
patients with SOT (heart), and 1 patient with solid tumor malig-
nancy (neuroblastoma). Only 1 of the patients who tested positive
for SARS-CoV-2 via NP swab had detectable antibodies.

For the 5 seropositive patients, 3 were below age 5, 1 between
6 and 11 years old, and 1 above 12 years of age. All identified
as Caucasian. Three patients were female and 2 male. Three
patients had documented illnesses inclusive of febrile or respi-
ratory symptoms at least 2 weeks prior to blood sample collec-
tion. As for exposures, the PCR-positive patient was exposed
to an infected family member. One of the seropositive patients
works at a grocery store but did not have any known exposures.
Seroprevalence by category was 4.3% (Confidence Interval [CI]
95%: 0.5%—-14.5%) for rheumatologic conditions, 1.9% (CI 95%:
0.2%-6.5%) for SOT, 0.5% (CI 95%: 0%-2.7%) for oncology,
and 0% for BMT, primary immunodeficiency, and inflamma-
tory bowel disease (Table 1). Seroprevalence for the total im-
munocompromised population was 1.0% (CI 95%: 0.3%-2.4%).
Only 1 of the 5 seropositive patients was admitted to the hos-
pital, the aforementioned SARS-CoV-2-positive patient via NP
RT-PCR. None of the patients required respiratory support, in-
tensive care support, or died.

Each of the 5 seropositive patients had test values clearly
above the positive threshold of 1.1 IDV, with an average of 5.067
IDV and a range of 2.777 to 9.247 IDV. This was comparable to
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Table 2. Contingency Tables for Test:lliness Ratio 2 Analysis

Immunocompetent Immunocompromised Total
Tested (RT-PCR) 46 76 105
Not tested 190 56 201
Total 236 132 306
Contingency table summary

Immunocompetent All Immunocompromised Oncology SOT Rheum IBD
Test:illness ratio 0.19 0.58 0.73 0.69 0.22 0.13
Pvalue (vs immunocompetent) P=<.0001 P =<0001 P=<.0001 n.s. n.s.

Abbreviations: IBD, Inflammatory Bowel Disease; SOT, solid organ transplant.

values observed in pediatric immunocompetent patients (5.177,
range 1.224-8.564), but lower than adult immunocompromised
and immunocompetent patients who generated immune re-
sponses >10 IDV within 20 days of symptom onset [18]. While
we did not specifically investigate the waning of antibodies in
this immunocompromised pediatric population over time,
1 patient was inadvertently double sampled, with a first IgG
measurement of 3.06 and a value of 2.961 six weeks later.

DISCUSSION

SARS-CoV-2 infection of adult immunosuppressed patients
has increased severity and mortality as compared with im-
munocompetent adults; however, the few reports on pediatric
immunosuppressed patients infected with SARS-CoV-2 have
demonstrated relatively minor disease. In this study, we sought
to understand SARS-CoV-2 infection in pediatric immunosup-
pressed patients, including capacity for antibody formation,
provider testing habits, seroprevalence, and illness course.

In our study of 485 patients, we detected antibodies to
SARS-CoV-2 in 5 patients, for a seroprevalence of 1.0% (CI95%:
0.3%-2.4%). In a recent companion study of seropositivity to
SARS-CoV-2 during an overlapping study period in the general
pediatric population, a similar seroprevalence of 0.6% (CI 95%:
0.3%-1.1%) (G. Rapsinski, personal communication) was noted
among immunocompetent children.

Interestingly, contrary to common dogma that immuno-
suppressed patients are at higher risk of severe disease when
encountering respiratory infections, only 1 of these patients
was admitted for COVID-19 during the time period of sample
collection and she had only a mild respiratory illness. Previous
work after the emergence of SARS-CoV-1 suggested that sev-
eral coronaviruses, including SARS-CoV-1, induced signaling
through the calcineurin pathway and that when cyclophilins
were inhibited by cyclosporine A, coronavirus replication of
all genera was blocked, leading to a potential hypothesis that
children on calcineurin inhibitors could be somewhat pro-
tected from severe disease outcomes [33]. The other RT-PCR-
positive SARS-CoV-2 patient, with a history of liver transplant,
who did not seroconvert, also had a mild illness and did not

require hospital admission. By comparison, in a recent study of
immunocompromised adults at our institution, 3 of 3 SOT re-
cipient patients who tested positive for SARS-CoV-2 infection
required mechanical ventilation and ultimately succumbed to
their infection. In 4 adult patients on daily inhaled fluticasone,
1 of which was also on etanercept, 2 required mechanical ven-
tilation support [18]. Immunocompromised adult patients are
more likely to be admitted and have significantly poorer out-
comes than children.

Of the 2 patients who had tested positive for SARS-CoV-2
via NP RT-PCR-based testing, only 1 of them seroconverted.
The patient who had a positive NP SARS-CoV-2 test, but neg-
ative serology was a teenage patient with liver transplant who
tested positive for SARS-CoV-2 approximately 3 months prior
to the collection of blood sample and antibody testing. It is un-
known if antibodies had formed and waned or if they had never
formed at all. While we have not studied the durability of SARS-
CoV-2 IgG antibodies in detail, another patient with positive
antibodies incidentally had 2 blood collections tested during
the course of our study period, 6 weeks apart, and was robustly
above the threshold of positivity each time with minor variation
in the measured value.

The highest seroprevalence by immunocompromising con-
dition was in patients in the “rheumatology” category, with a se-
roprevalence of 4.3% (CI 95%: 0.5%-14.5%). This could be due
to a variety of factors, including type of medication (1 patient on
methotrexate and 1 on adalimumab); however, none of the >100
patients with IBD, mostly on infliximab and many on metho-
trexate, were seropositive. It could also be due to family percep-
tions of degree of immunocompromise, and consequent degree
of behavioral change, including strict adherence to masking and
social distancing in the other categories of immunosuppression
such as SOT and oncology. The sample size of the rheumatology
population was also smaller than that of oncology or SOT.

There are a few limitations to this study, which is a conven-
ience sample of immunocompromised patients, both receiving
inpatient and outpatient care, and may not be representative of
allimmunocompromised patients. Due to the low number of in-
fections in our area and, as a result, in each subgroup of immu-
nocompromised patients, it may not be possible to generalize
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infection rates to the entire population or to make strict com-
parisons of rate of infection among the groups. Additionally, be-
cause we excluded patients receiving therapies that altered the
production of antibodies, we cannot comment on the antibody
response of those patients to SARS-CoV-2. We are not able to
interpret seroconversion rates in immunosuppressed patients,
as there were only 2 patients positive for SARS-CoV-2 via NP
RT-PCR. As repeat samples were not routinely collected, we are
also not able to comment on the potential for antibody waning
over time and how it may compare to an immunocompetent
population.

Overall, in this study, we sought to understand the degree
of antibody formation, provider testing habits, seroprevalence,
and illness course of immunocompromised pediatric patients
to SARS-CoV-2. We discovered that immunocompromised
pediatric patients are capable of making an antibody response
to SARS-CoV-2; however, one documented RT-PCR-positive
patient did not seroconvert. Unsurprisingly, immunocompro-
mised patients presenting with respiratory or febrile illness
during this time period were 3 times as likely as the general pe-
diatric population to be tested for SARS-CoV-2. Finally, all pa-
tients with documented exposure to SARS-CoV-2 in this study
had relatively minor illnesses, a stark contrast to reported cases
in immunocompromised adults.

Notes

Acknowledgments. The authors would like to acknowledge Jill
Lewandowski, Jayne Zona, and Jayne Rasmussen who were essential in re-
taining and cataloging convenience specimens.

Financial Support. This work was supported by the Clinical and
Translational Science Institute, University of Pittsburgh, and the David Scaife
Family Charitable Foundation, the Pediatric Infectious Disease Society, and
St. Jude Children’s Research Hospital Fellowship Program in Basic and
Translational Research to M. C. E, and the Pediatric Scientist Development
Program (PSDP) sponsored by the Association of Medical School Program
Directors (AMSPDC) funded by Eunice Kennedy Shriver National Institute
of Child Health and Human Development (K12HD000850-34) to G. J. R.

Potential conflicts of interest. All authors: No reported conflicts of in-
terest. All authors have submitted the ICMJE Form for Disclosure of
Potential Conflicts of Interest. Conflicts that the editors consider relevant to
the content of the manuscript have been disclosed.

References

1. Zhu N, Zhang D, Wang W, et al. A novel coronavirus from patients with pneu-
monia in China, 2019. N Engl ] Med 2020; 382:727-33.

2. Jiang F, Deng L, Zhang L, et al. Review of the clinical characteristics of corona-
virus disease 2019 (COVID-19). ] Gen Intern Med 2020; 35:1545-9.

3. Viscoli C, Castagnola E, Rogers D. Infections in the compromised child. Baillieres
Clin Haematol 1991; 4:511-43.

4. Fishman JA. Infection in solid-organ transplant recipients. N Engl ] Med 2007;
357:2601-14.

5. Downey C. Serious infection during etanercept, infliximab and adalimumab therapy
for rheumatoid arthritis: a literature review. Int ] Rheum Dis 2016; 19:536-50.

6. Roberts MB, Izzy S, Tahir Z, et al. COVID-19 in solid organ transplant recipients:
dynamics of disease progression and inflammatory markers in ICU and non-ICU
admitted patients. Transpl Infect Dis 2020: e13407.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

. Cozzi E, Faccioli E, Marinello S, et al. COVID-19 pneumonia in lung transplant

recipients: report of 2 cases. Am J Transplant 2020; 20:2933-7.

. Maritati F, Cerutti E, Zuccatosta L, et al. SARS-CoV-2 infection in kidney trans-

plant recipients: experience of the Italian Marche region. Transpl Infect Dis 2020:
e13377.

. Akalin E, Azzi Y, Bartash R, et al. Covid-19 and kidney transplantation. N Engl |

Med 2020; 382:2475-7.

. Demir E, Uyar M, Parmaksiz E, et al. COVID-19 in kidney transplant recipients:

a multicenter experience in Istanbul. Transpl Infect Dis 2020; e13371.

. Alberici E, Delbarba E, Manenti C, et al. A single center observational study of the

clinical characteristics and short-term outcome of 20 kidney transplant patients
admitted for SARS-CoV2 pneumonia. Kidney Int 2020; 97:1083-8.

. Gandolfini I, Delsante M, Fiaccadori E, et al. COVID-19 in kidney transplant re-

cipients. Am J Transplant 2020; 20:1941-3.

. Zhang L, Zhu E Xie L, et al. Clinical characteristics of COVID-19-infected cancer

patients: a retrospective case study in three hospitals within Wuhan, China. Ann
Oncol 2020; 31:894-901.

. Liang W, Guan W, Chen R, et al. Cancer patients in SARS-CoV-2 infection: a na-

tionwide analysis in China. Lancet Oncol 2020; 21:335-7.

. Yang F, Shi S, Zhu J, et al. Clinical characteristics and outcomes of cancer patients

with COVID-19. ] Med Virol 2020; 92:2067-73.

. Mehta V, Goel S, Kabarriti R, et al. Case fatality rate of cancer patients with

COVID-19 in a New York hospital system. Cancer Discov 2020; 10:935-41.

. Haberman R, Axelrad J, Chen A, et al. Covid-19 in immune-mediated inflamma-

tory diseases—case series from New York. New Engl ] Med 2020; 383:85-8.

. Zilla ML, Keetch C, Mitchell G, McBreen ], Shurin MR, Wheeler SE. SARS-

CoV-2 serologic immune response in exogenously immunosuppressed patients.
[Manuscript submitted for publication]. Department of Pathology, University of
Pittsburgh School of Medicine. 2020.

. Russell MR, Halnon NJ, Alejos JC, et al. COVID-19 in a pediatric heart transplant

recipient: emergence of donor-specific antibodies. ] Heart Lung Transplant 2020;
39:732-3.

Lee H, Mantell BS, Richmond ME, et al. Varying presentations of COVID-19
in young heart transplant recipients: a case series. Pediatr Transplant 2020;
€13780.

Bush R, Johns F, Acharya R, Upadhyay K. Mild COVID-19 in a pediatric renal
transplant recipient. Am J Transplant 2020; 20:2942-5.

Morand A, Roquelaure B, Colson P, et al. Child with liver transplant recovers from
COVID-19 infection. A case report. Arch Pediatr 2020; 27:275-6.

Hrusak O, Kalina T, Wolf J, et al. Flash survey on severe acute respiratory
syndrome coronavirus-2 infections in paediatric patients on anticancer treat-
ment. Eur ] Cancer 2020; 132:11-6.

Bisogno G, Provenzi M, Zama D, et al. Clinical characteristics and outcome of
SARS-CoV-2 infection in Italian pediatric oncology patients: a study from the
Infectious Diseases Working Group of the AIEOP. ] Pediatric Infect Dis Soc 2020:
5:530-4.

Gampel B, Lucas AGT, Broglie L, et al. COVID-19 disease in New York City
pediatric hematology and oncology patients. Pediatr Blood Cancer 2020;
67:€28420.

Bialek S, Gierke R, Hughes MM, et al; CDC COVID-19 Response Team.
Coronavirus disease 2019 in children—United States, February 12-April 2, 2020.
MMWR Morbidity Mortal Wkly Rep 2020; 69:422-6.

Lu X, Zhang L, Du H, et al,; Chinese Pediatric Novel Coronavirus Study Team.
SARS-CoV-2 infection in children. N Engl ] Med 2020; 382:1663-5.

Seow ], Graham C, Merrick B, et al. Longitudinal evaluation and de-
cline of antibody responses in SARS-CoV-2 infection. medRxiv. 2020;
doi:10.1101/2020.07.09.20148429

Harris PA, Taylor R, Thielke R, et al. Research electronic data capture (REDCap)-a
metadata-driven methodology and workflow process for providing translational
research informatics support. ] Biomed Inform 2009; 42:377-81.

Wolfel R, Corman VM, Guggemos W, et al. Virological assessment of hospitalized
patients with COVID-2019. Nature 2020; 581:465-9.

Wu E Wang A, Liu M, et al. Neutralizing antibody responses to SARS-CoV-2 in
a COVID-19 recovered patient cohort and their implications [Preprint]. SSRN
Electron J 2020.

Allegheny County Health Department. Allegheny County Health Department
COVID-19 dashboard. n.d. Accessed 30 July 2020. https://www.alleghenycounty.
us/Health-Department/Resources/ COVID-19/COVID-19.aspx. Winter 27AD.
Pfefferle S, Schopf ], Kogl M, et al. The SARS-coronavirus-host interactome: iden-
tification of cyclophilins as target for pan-coronavirus inhibitors. PLoS Pathog
2011; 7:e1002331.

Ped Immunocompromise SARS-CoV-2 Serology « JPIDS 2021:10 (April) « 431


https://doi.org/10.1101/2020.07.09.20148429
https://www.alleghenycounty.us/Health-Department/Resources/COVID-19/COVID-19.aspx
https://www.alleghenycounty.us/Health-Department/Resources/COVID-19/COVID-19.aspx

