
Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and 

distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages  
(https://us.sagepub.com/en-us/nam/open-access-at-sage).

Journal canadien de la santé et de la maladie rénale

https://doi.org/10.1177/2054358120967845

Canadian Journal of Kidney Health 
and Disease 
Volume 7: 1–18
© The Author(s) 2020
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/2054358120967845
journals.sagepub.com/home/cjk

Canadian Society of Nephrology COVID-19 Rapid Response Program—Rapid Communication

967845 CJKXXX10.1177/2054358120967845Canadian Journal of Kidney Health and DiseaseTeoh et al
research-article20202020

Management of Pediatric Kidney 
Transplant Patients During the  
COVID-19 Pandemic: Guidance  
From the Canadian Society of 
Transplantation Pediatric Group

Chia Wei Teoh1,2,3 , Marie-Michele Gaudreault-Tremblay4,5, 
Tom D. Blydt-Hansen6,7, Aviva Goldberg8,9, Steven Arora10,11, 
Janusz Feber12,13 , Valerie Langlois1,2,3, Michelle Ruhl14,15, 
Veronique Phan16,17, Catherine Morgan18,19, Philip Acott20,21, 
and Lorraine Hamiwka22,23 on behalf of the CST Paediatric 
Group 

Abstract
Purpose of the program: To provide guidance on the management of pediatric kidney transplant patients during the 
COVID-19 pandemic.
Sources of information: Program-specific documents, preexisting, and related to COVID-19; documents from provincial, 
national, and international kidney transplant societies/agencies and organ procurement agencies; national and international 
webinars, including webinars that we hosted for input and feedback; with additional information from formal and informal 
review of published academic literature.
Methods: Challenges in the care of pediatric kidney transplant patients during the COVID-19 pandemic were highlighted 
within the Canadian Society of Transplantation (CST) Pediatric Group. It identified pediatric kidney transplant nephrologists 
(including a pediatric nephrologist ethicist) across the country and formed a workgroup. The initial guidance document 
was drafted and members of the workgroup reviewed and discussed all suggestions in detail via e-mail and virtual meetings. 
Disagreements were resolved by consensus. The document was reviewed by the CST Kidney Transplant Working Group, 
by the Canadian Society of Nephrology (CSN) COVID-19 Rapid Response Team (RRT), and an infectious disease expert. 
The suggestions were presented at an interactive webinar sponsored by CSN in collaboration with the CST and Canadian 
Association of Pediatric Nephrologists (CAPN), and attended by pediatric kidney health care professionals for further peer 
input. Final revisions were made based on feedback received. CJKHD editors reviewed the parallel process peer review and 
edited the manuscript for clarity.
Key findings: We identified 8 key areas of pediatric kidney transplant care that may be affected by the COVID-19 
pandemic: (1) transplant activity, (2) outpatient clinic activity, (3) monitoring, (4) multidisciplinary care, (5) medications 
(immunosuppression and others), (6) patient/family education/support, (7) school and employment, and (8) management 
of pediatric kidney transplant patients who are COVID-19 positive. We make specific suggestions for each of these 
areas.
Limitations: A full systematic review of available literature was not undertaken for the sake of expediency in development 
of this guideline. There is a paucity of literature to support evidence-based recommendations at this time. Instead, these 
guidelines were formulated based on expert opinion derived from available knowledge/experience and are subject to the 
biases associated with this level of evidence. The parallel review process that was created to expedite the publication of this 
work may not be as robust as standard arms’ length peer review processes.
Implications: These recommendations are meant to serve as a guide to pediatric kidney transplant directors, clinicians, and 
administrators for providing the best patient care in the context of limited resources while protecting patients and health 
care providers wherever possible by limiting exposure to COVID-19. We recognize that recommendations may not be 
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applicable to all provincial/local health authority practices and that they may not be delivered to all patients given the time 
and resource constraints affecting the individual provincial/local health jurisdiction.
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Introduction

As of June 21, 2020, over 8.8 million cases of COVID-19 
have been reported globally.1 Children appear to be less 
commonly and less severely affected than adults, account-
ing for 1% to 5% of all COVID-19 cases and 0% to 1% of 
reported fatalities.2-9 In Canada, 101 019 cases of COVID-
19 have been reported. Of these, 6.97% were children ≤19 
years of age, accounting for 1% of hospitalized patients, 
and 1% of patients admitted to intensive care, with no 
reported fatalities.10

The COVID-19 pandemic has challenged pediatric kid-
ney transplant programs to provide safe and consistent care 
during this difficult and unprecedented time. While data are 
still emerging, it is presumed that children with chronic kid-
ney disease and/or those who take immunosuppressive medi-
cations may be at increased risk for complications from 
COVID-19 infection. In addition, the implementation of nec-
essary public health measures (ie, physical distancing, school 
and childcare closures, and restrictions on hospital services) 
has impacted the ways that health care providers deliver 
pediatric transplant care.

To date, national and international transplant societies 
have provided general guidance and recommendations for 
management of transplant programs and delivery of patient 
care during the COVID-19 pandemic—very few are specific 
to pediatric patients.

The Canadian Society of Transplantation (CST) Pediatric 
Group established a “virtual” working group of pediatric 
kidney transplant nephrologists to leverage the evolving 
experiences, protocols, and tools across Canada to develop 
a current snapshot of “best practices” which can be shared 
for the benefit of patients and care providers. Specific 
objectives of this working group are (1) to develop relevant 
interim guidance leveraging the pan-Canadian experience; 
(2) to facilitate real-time dissemination of interim guidance 
to pediatric kidney transplant programs; (3) to develop a 
collection of relevant external guidelines/recommendations 
and linkages to relevant literature; (4) to establish mecha-
nisms for concurrent and rapid peer review; and (5) to 
solicit emerging needs through the CST, provincial organ 
procurement agencies, professional societies, and academic 
channels.

mailto:chiawei.teoh@sickkids.ca
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General care and public health practices should follow the 
most up-to-date provincial and national public health poli-
cies, but children with kidney transplants and those with 
chronic kidney disease have unique health care needs. The 
recommendations in this document provide suggestions on 
how to provide the best possible care for children living with 
kidney transplants during the COVID-19 pandemic.

The recommendations outlined in this document repre-
sent best practices based on available information from pub-
lished literature and unpublished expert opinion, at the time 
of writing on June 1, 2020. We acknowledge that the data on 
COVID-19 are rapidly evolving, and these recommendations 
may need to be revised as new knowledge emerges.

Methods

During the COVID-19 pandemic, the CST Pediatric Group 
organized a working group of pediatric kidney transplant 
physicians across Canada. Available COVID-19 documents 
and experiences from programs across the country were col-
lated. Other national and international kidney transplant lit-
erature and webinars were reviewed for recommendations 
that are applicable to the Canadian context. Experts from 
other countries were contacted to provide experiential per-
spectives of kidney transplant care during the COVID-19 
pandemic. Recommendations were developed based on con-
sensus of the working group, guided by available published 
peer-reviewed and non–peer-reviewed literature, guidelines 
from other jurisdictions, and input from transplant and infec-
tious disease experts. The complete draft was reviewed by 
the entire CST Kidney Transplant Working Group and an 
infectious disease expert. Final revisions followed a public 
webinar of pediatric kidney professionals sponsored by the 
Canadians Society of Nephrology (CSN), in collaboration 

with the CST and Canadian Association of Pediatric 
Nephrologists (CAPN).

To ensure that decision-making process underpinning 
the guidance provided within this document are ethically 
supported, we adhered to the following principles outlined 
in Table 1.

Narrative Summary of the Current 
State of Pediatric Kidney Transplant 
Programs Across Canada as of April 
2020

We surveyed all 9 pediatric kidney transplant programs 
across 7 provinces: most programs have enacted similar 
approaches to the provision and delivery of care to pediat-
ric kidney transplant patients and candidates. No programs 
reported significant health care resource concerns at the 
time.

Transplant Activity

Programs generally suspended living donor kidney trans-
plantation and limited deceased donor kidney transplantation 
to those of highest need (medically urgent and/or highly sen-
sitized) in the early stages of the pandemic. This included 
suspension of preemptive transplants, acknowledging that 
some children would need to start dialysis as they could not 
wait for preemptive transplants to be restarted. Programs 
also developed provincial/local guidance on a phased 
approach to resumption of kidney transplant activity based 
on very similar guiding principles. Programs developed 
donor and recipient COVID-19 screening and testing that 
were generally similar, consistent with national guidelines.11 

Table 1.  Ethical Principles That Guided the Decision-Making Process Underpinning the Guidance Provided Within This Document.

Principles Description

Uncertainty Acknowledge that clinicians and administrators are now working in a swiftly evolving environment which will 
require decision making with limited resources and greater uncertainty.

Macro-allocation Acknowledge that the local context and local government priorities will shape decision making and that 
previous standards may need to be temporarily adjusted to maximize health outcomes for the greatest 
number of patients.

Minimize net harm Includes limiting the spread of disease and disruption to the health care system.
Reciprocity Protect our health care workforce from COVID-19 so staffing levels are maintained to deliver care to patients 

who by definition often require physical interventions, and as an objective in itself.
Fairness Ensure that patients with kidney disease continue to receive appropriate treatments regardless of their 

COVID-19 status and avoid outcomes that disproportionately impact those who are most vulnerable (eg, 
lower socioeconomic status).

Proportionality Keep restrictions on staff and patients commensurate with the level of risk to public health.
Respect for autonomy Continue to reflect patient values and beliefs as much as possible, granting that choices may be limited in a 

pandemic.
Fidelity Maintain commitment to patients to provide necessary care in challenging times and when there is a degree of 

risk to providers.

Note. COVID-19 = coronavirus disease 2019.
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No programs accepted donors or recipients who were con-
firmed or highly suspected to be COVID-19 positive, 
acknowledging that the risk of transmission of the virus 
through donor organs had not been established.

Outpatient Clinic Activity

Programs generally continued their scheduled transplant 
clinic visits. Few programs deferred follow-up of “routine” 
stable patients but many extended the usual follow-up fre-
quency. Clinic visits were delivered virtually unless there 
were indications that necessitated in-person visits. Virtual 
visits were being delivered via telephone, video, and hosted 
video platforms. Barriers to virtual consultations included 
lack of computer technology and internet availability to per-
form virtual visits. All in-person clinic visits followed local 
Infection Prevention and Control (IPAC) guidelines with 
prescreening for symptoms and enhanced protection prac-
tices. Many centers also identified that they reached out to 
their patients (via telephone, e-mail, and other communica-
tion strategies) to inform them of the restrictions/policies 
that were enacted in their respective institutions to reduce the 
risk of exposure to SARS-CoV-2 during their in-person vis-
its, and reassured them of the transplant clinic’s ability to 
provide ongoing care.

Blood Work Monitoring

All programs continued essential blood work to monitor 
allograft function, treatment-related complications, and ther-
apeutic drug levels, though the frequency of such testing was 
reduced for select stable patients in some programs. Blood 
work was performed both in community and hospital labora-
tories. While all hospitals enacted precautionary measures, 
some provinces had additional mechanisms in place to 
reduce risk of community COVID-19 transmission with des-
ignated community laboratories for immunocompromised 
patients.

Multidisciplinary Care

All programs with preexisting multidisciplinary care con-
tinued to provide care at the time. This was provided vir-
tually using the same platforms used for virtual outpatient 
visits.

Kidney Biopsies

Urgent indication kidney allograft biopsies to establish 
etiology of allograft dysfunction continued to be per-
formed. Elective/surveillance biopsies were generally 
deferred. One program had to ration the use of antibodies 
for immunofluorescence staining to those with most rel-
evant clinical need due to supply concerns. Screening 
and testing for COVID-19 were performed prior to all 

procedures, for patients, while some programs also tested 
parents/caregivers.

Challenges Identified

Challenges identified include the following: (1) potential 
supply chain disruptions for medications especially immu-
nosuppressive medications; (2) challenges with virtual vis-
its: lack of technology/infrastructure to support telehealth, 
additional time required for virtual visits, inability to per-
form physical examination and communication challenges 
during virtual visits; (3) challenges with need for rapid 
reorganization of clinic infrastructure and resources to meet 
with demands of maintaining a low risk environment for 
in-person visits; (4) patient anxiety and fear of contracting 
COVID-19 by attending clinic visits and/or performing 
monitoring laboratory studies, leading to suboptimal moni-
toring and/or late presentation with complications; (5) lack 
of established knowledge to make informed decisions 
regarding immunosuppression management; (6) lack of 
knowledge of risks and effects of COVID-19 in the pediat-
ric kidney transplant population; (7) lack of capacity to 
communicate with transplant patients en masse as recom-
mendations change (eg, by website updates, group e-mails); 
(8) remuneration strategies in some jurisdictions that limit 
remuneration for virtual care visits.

Successes Identified

Successes identified include the following: (1) ability to con-
tinue delivering patient care in a rapidly changing environ-
ment; (2) ability of each center to provide timely 
communication with their patients/families in a rapidly 
changing environment; (3) no pediatric kidney transplant 
patients diagnosed with COVID-19 at the time of writing in 
Canada, and few reports internationally of significant com-
plications in this population; (4) ability to quickly form a 
cohesive, working group of pediatric kidney transplant pro-
fessionals from across the country to share evolving clinical 
experiences and knowledge, and to develop current consen-
sus guidance on management of children with kidney trans-
plants during the COVID-19 pandemic in the context of a 
rapidly evolving environment and evidence base; (5) ability 
to partner with other organ groups, adult care colleagues, and 
international colleagues to gather and respond to the best 
available evidence.

Recommendations

1.	 Transplant Activity

1.1. � Pediatric kidney transplantation (deceased, living 
donor, and preemptive transplantation) should be 
considered an emergent or urgent life-saving proce-
dure and be given priority for booking/rebooking 
when hospitals plan re-opening of their operating 
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rooms, inpatient, outpatient, laboratory, and imaging 
programs.

1.2. � We suggest ongoing national collaboration to develop 
a unified approach to suspension/resumption of kid-
ney transplant activity at each center based on careful 
consideration of risks versus benefits of transplanta-
tion based on these considerations:
1.2.1. � In general, the benefits of kidney transplanta-

tion outweigh the risks, and both life expec-
tancy and quality of life are improved when 
compared with staying on/starting dialysis.

1.2.2. � The degree of community spread and active 
cases of COVID-19 locally may contribute to 
the risks and benefits at that particular site, so 
it may be reasonable for different sites to “re-
open” at different rates and at different times.

1.2.3. � Availability of rapid and accurate COVID-19 
testing on donors and recipients is essential to 
ensure timely identification of infected indi-
viduals to mitigate the risk of acquisition and 
transmission.

1.2.4. � Clear guidance/criteria for donor and recipient 
COVID-19 screening and testing should be 
provided by transplant centers in collaboration 
with their University, hospital leadership, 
organ procurement agency, and Public Health.

1.2.5. � Availability of hospital and health care system 
capacity for inpatient beds, intensive care 
beds, ventilators, diagnostic testing, staffing, 
and adequate personal protective equipment 
both in the pediatric center and the adult cen-
ter (in the case of a living donor).

1.2.6. � Iatrogenic risk for COVID-19 acquisition and 
transmission should be minimized, with pro-
vision of a clear COVID-19-free pathway for 
hospital inpatient and outpatient care.

1.2.7. � Risks to living donors should be considered in 
any decisions regarding re-opening of living 
donor programs.

1.2.8. � Programs should strive for clear guidance/cri-
teria for transplant activity suspension/modi-
fication taking the above considerations into 
account, and be prepared to review/change 
recommendations as new evidence emerges.

1.3. � We recommend that only COVID-19 PCR negative 
donor and recipient pairs proceed to transplantation.

1.4. � When possible, we recommend that living donor/
recipient pairs self-isolate for 14 days leading up to 
the planned transplant surgery.

1.5. � During the pandemic, we recommend that all poten-
tial recipients be informed at the time of organ offer, 
of the potential risk of contracting COVID-19 and 
associated risks of developing severe complications 
during the hospital stay and after discharge home. 
This informed consent should be clearly documented 

in the medical records (documentation of verbal con-
sent as per exceptional distribution consent), 
acknowledging the paucity of clear evidence on 
transmission at this time.

1.6. � We suggest that each jurisdiction and center develop 
a communication strategy to keep patients/families 
of those who are eligible and/or on the transplant 
waitlist informed.

1.7. � We recommend that all health care professionals 
involved in organ donation and transplantation use 
appropriate personal protective equipment (PPE) 
and that health authorities ensure that sufficient PPE 
is available to these providers.
1.7.1. � We suggest that all health care professionals 

practice enhanced protection precautions 
while caring for donors and transplant recipi-
ents, according to local guidelines.

1.7.2. � We recommend that all health care profes-
sionals involved in organ donation and trans-
plantation be provided with appropriate PPE 
and training on how to use the equipment.

Rationale

During the COVID-19 pandemic, transplant activity has 
been significantly curtailed12 (1) to preserve hospital infra-
structure and resources to allow treatment of COVID-19 
patients, (2) to avoid iatrogenic immunosuppression when 
community or hospital exposure of SARS-CoV-2 infection 
to the transplant recipient remains possible, and (3) to allow 
programs time to develop appropriate procedures and testing 
to mitigate risk of iatrogenic transmission of SARS-CoV-2 
infection to the transplant recipient.

Organ donation and transplantation is an essential life-
saving and life-preserving medical intervention. A major 
effect of the temporary suspension of transplant activity is 
that potential deceased donor organs are not used. The longer 
that programs remain closed or operate at reduced capacity, 
the longer the predicted wait-time and associated mortality 
risk for recipients. Transplant organs are a finite time-sensi-
tive resource, and once lost can no longer be recovered.

While it is currently too early to make decisions based on 
robust evidence, continually emerging evidence and anec-
dotal reports from other jurisdictions suggest that solid-organ 
transplant recipients who are immunosuppressed may be at 
increased risk of acquiring SARS-CoV-2 and develop more 
severe outcomes related to COVID-19.13-28 These early 
reports are based on adult solid-organ transplant recipients 
with very limited data on pediatric recipients. Emerging and 
anecdotal reports from other jurisdictions suggest that chil-
dren follow a relatively mild course of COVID-19 and have 
better outcomes when compared with adults.2-9,29-34 An ongo-
ing international survey initiated by the European Rare 
Kidney Disease Reference Network and supported by inter-
national pediatric nephrology societies suggests that 
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the incidence of COVID-19 in pediatric kidney transplant 
recipients is similar to the background incidence of COVID-
19 in the general pediatric population.35 Reports of COVID-
19 in immunosuppressed children with kidney transplants 
have been few and far between. Currently available evidence 
suggests that this population is not at increased risk of severe 
COVID-19 disease.36-39

Given the currently available evidence, the system must 
balance the benefits of transplantation and the potential loss 
of organs, with the risks related to resource utilization and 
immunosuppression. In response to this, the Canadian Blood 
Services and Canadian Society of Transplantation in con-
junction with provincial organ procurement agencies, adult/
pediatric organ donation and transplant leaders across the 
country came together to develop a strategy for phased re-
opening of transplantation activity in a safe and rational 
manner. The phased re-opening would be based on the guid-
ing principles above with close coordination with public 
health, transplant institutions, and critical care planning.11 
Other jurisdictions have also taken similar approaches.40,41

When appropriate, self-isolation for a period of 14 days 
leading up to the transplant surgery will reduce the risk of 
exposure to SARS-CoV-2. This practice is only practical for 
living donor/recipient pairs and not for patients on the 
deceased donor waitlist. However, all donors and recipients 
should adhere strictly to public health measures (ie, physical 
distancing, masks, frequent hand hygiene) to reduce their 
risk of exposure to SARS-CoV-2.

Adequate protection of health care professionals will mit-
igate the risks of iatrogenic transmission of SARS-CoV-2 
and help ensure the maintenance of adequate human 
resources pertaining to staffing and expertise. It is acknowl-
edged that there is regional and institutional variability with 
respect to COVID-19 specific PPE and universal precaution 
practices. We suggest adhering to local provincial/institu-
tional guidelines with the guiding principles outlined above.

2. � Outpatient Clinic Activity

2.1. � We suggest adhering to clinic visit schedules where 
resources permit.

	  2.1.1. � We suggest adhering to in-person visits when 
necessary for urgent issues, and for routine 
follow-up visits when vital signs measure-
ment, growth parameters, relevant investiga-
tions, and physical examination are required.

		         2.1.1.1. � We suggest appropriate COVID-19 
screening using local IPAC guidelines.

		         2.1.1.2. � We suggest patients who screen posi-
tive be directed to the most appropriate 
facility as per local IPAC guidelines.

	  2.1.2. � Where appropriate and when resources per-
mit, we suggest patients are assessed via tele-
medicine or virtual visits to reduce the need 
for travel to/from clinic.

		         2.1.2.1. � Patients should be provided with clear 
instructions regarding blood work, 
performing blood pressure and/or 
weight measurements and preparation 
of a current medication list in advance 
of their telehealth visit.

	  2.1.3. � We suggest that a minimum of one parent or 
caregiver be allowed to accompany pediatric 
patients to their visits whenever possible.

 2.2. � We suggest an individualized approach regarding 
clinic visits based on clinical need/urgency and/or 
need for investigations.

 2.3. � We suggest centers consider increasing intervals 
between subsequent routine follow-up outpatient 
visits based on an individual patients’ clinical status.

 2.4. � We suggest clear communication to all patients about 
the centers’ plan for ongoing kidney transplant care.

 2.5. � We suggest providing patients/families with infor-
mation on how to seek medical care in case of devel-
opment of symptoms of COVID-19—this should 
include urgent/emergent and routine care plans.

 2.6. � We suggest providing patients/families with reassur-
ances that they will receive appropriate medical/surgi-
cal care when indicated (including in-person visits).

Rationale

Maintaining continuity of care ensures that patients continue 
to receive adequate clinical assessment, personalized advice 
regarding immunosuppression, and access to the support of 
the transplant program in case of COVID-19 infection. 
Children with kidney transplants require ongoing assessment 
of allograft function, adequacy of immunosuppression, com-
plications of chronic kidney disease and those related to 
therapy, viral load, and therapeutic drug level monitoring. 
Good communication between the health care team and 
patients/families is essential to avoid disruption of essential 
clinical care visits or becoming “lost to follow-up.” Adhering 
to local IPAC guidelines for screening and utilization of 
enhanced protection measures will mitigate risks of trans-
mission of SARS-CoV-2 in the clinical setting.

Telemedicine (telephone, web-based virtual care plat-
forms, videoconferencing, and e-mail) can facilitate 
ongoing access to care while maintaining physical dis-
tancing with the aim of mitigating risks of transmission 
of SARS-CoV-2. Evidence supporting use of telehealth is 
extrapolated from literature for its application in provi-
sion of general nephrology, pediatric nephrology care,42,43 
and from other jurisdictions that have successfully imple-
mented a telehealth strategy to manage transplant recipi-
ents during the COVID-19 pandemic.44 Communication 
with patients prior to telehealth visits with reminders for 
completing blood work, measurement of blood pressure, 
weight and height, and preparation of medication list will 
help improve efficiency of telehealth visits. In-person 
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clinical visits are an essential component of care. 
However, in the context of the COVID-19 pandemic, 
with high levels of active community viral transmission 
or strain on hospital-based resources, in-person visits 
should be reserved for patients requiring urgent care or 
specialized investigations to minimize exposure risk for 
patients, families, and health care professionals. In this 
context, providing patients/families with reassurances 
that they will continue to receive appropriate medical/
surgical care when indicated (including in-person/inpa-
tient care) will allay their concerns about not being able 
to access care should they develop symptoms/signs sug-
gestive of possible COVID-19 and will likely improve 
their truthfulness in reporting of symptoms.

3. � Monitoring

3.1. � Laboratory testing
	  3.1.1. � We suggest that patients continue to have their 

routine laboratory studies, viral load testing, 
and therapeutic drug-level monitoring (tacro-
limus, cyclosporine, mycophenolate) per-
formed as determined by each center.

	  3.1.2. � We recommend establishing a clear COVID-
19-free pathway for in-hospital and commu-
nity lab testing.

	  3.1.3. � We suggest that laboratory studies be per-
formed in testing facilities with established 
procedures to mitigate risk of infection (in-
hospital and/or community laboratories).

	  3.1.4. � We suggest establishing a system for timely 
follow-up on laboratory test results if a clinic 
visit is deferred/postponed.

	  3.1.5. � In communities/areas with active community 
SARS-CoV-2 transmission, we suggest con-
sidering increasing the interval between rou-
tine monitoring laboratory studies, where 
clinical status permits (as determined by each 
center).

3.2. � Home monitoring
	  3.2.1. � Where resources and patient/family circum-

stances permit, we suggest that patients moni-
tor their weight, height, and blood pressures 
at home using a calibrated device.

	  3.2.2. � Other types of home monitoring should be 
considered based on each patient’s needs or 
abilities.

3.3. � Kidney biopsies
	  3.3.1. � We suggest that urgent, for-cause kidney 

allograft biopsies continue to be performed as 
clinically indicated.

	  3.3.2. � We suggest deferring surveillance/protocol 
kidney allograft biopsies that are not time-
sensitive and where clinical status permits (as 
determined by each center).

3.4. � We do not recommend testing of asymptomatic pedi-
atric kidney transplant patients for COVID-19, 
unless directed by public health or as required in 
advance of admissions, procedures, and so on.

Rationale

Laboratory testing is essential for monitoring of ongoing 
allograft function, disease activity, treatment efficacy and tox-
icity, viral loads and therapeutic drug monitoring levels. While 
it is important that ongoing monitoring occurs in the context of 
the COVID-19 pandemic, we suggest a case-by-case need 
assessment and to consider increasing the interval between 
laboratory studies when appropriate. This assessment should 
balance the risk of infection and the strain on resource avail-
ability at testing sites (in-hospital and/or community labora-
tory) against the risk of potential morbidity by deviating from 
the standard of care. Establishing a clear COVID-19-free path-
way for laboratory studies will help mitigate the risk of trans-
mission of SARS-CoV-2. Home monitoring where appropriate 
can complement the required monitoring to enable the provi-
sion of necessary treatment and symptom management, as 
well as facilitate telehealth visits. While kidney biopsies are 
essential to diagnose the etiology of allograft dysfunction to 
inform treatment, we suggest that routine surveillance kidney 
allograft biopsies that are not time-sensitive (ie, annual sur-
veillance biopsies after first year of transplant) be deferred 
when clinical status permits, based on the judgment of the 
individual center, with the aim of reducing exposure risks for 
patients, families, and health care professionals.

4. � Multidisciplinary Care

4.1. � We suggest that multidisciplinary care continue to be 
provided as resources permit.

4.2. � When possible, we suggest that care providers per-
form telehealth assessments as resources permit.

4.3. � When in-person visits are needed, we suggest that care 
providers practice physical distancing from patients/
families and other providers, and/or use appropriate 
personal protective equipment when appropriate.

4.4. � We suggest that communication between care pro-
viders be undertaken via telephone, secure e-mail, 
and/or secure virtual platforms.

4.5. � We suggest that clinical documentation be continued 
as per usual standard of care, and information be 
conveyed to the primary care provider and other rel-
evant health care professionals as per usual practice.

4.6. � We suggest that the multidisciplinary team actively 
screen for risk factors for mental health and psycho-
social problems secondary to the pandemic.

Rationale

Multidisciplinary care is essential to provide the care needs of 
children with chronic kidney disease and kidney transplants. 
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Strategic utilization of telehealth technology will allow for 
continued multidisciplinary care for this patient population. 
Evidence suggests that delivery of chronic kidney disease 
multidisciplinary care via telehealth is noninferior to in-per-
son care.45 Depression and anxiety are known to be common 
in children with chronic kidney disease.46,47 Mental health 
concerns can be exacerbated by isolation from peers and the 
loss of purposeful routine that children with chronic health 
conditions have experienced during the COVID-19 pan-
demic.48,49 We discuss these risks further in the section 
School, Daycare, Summer Camps, and Employment. These 
should actively be monitored during clinic visits. Where a 
large-group setting is not conducive to exploring mental 
health concerns, patients should be offered individual follow-
up with a social worker or clinical psychologist.

5. Medications

5.1. � Immunosuppression
	  5.1.1. � We recommend that each center continue to 

determine the degree of immunosuppression 
required on a case-by-case consideration, to 
avoid under- or over-immunosuppression.

	 5.1.2. � We suggest avoiding the use of lymphocyte-
depleting induction agents.

5.2. � Others
	 5.2.1. � We suggest that ACE inhibitors and ARBs 

should not be routinely discontinued as a 
result of the COVID-19 pandemic.

	 5.2.2. � We suggest that initiation or discontinuation 
of ACE inhibitors or ARBs should be per-
formed at the clinical discretion of the indi-
vidual physician.

	 5.2.3. � We suggest that ACE inhibitors and ARBs 
should be temporarily suspended according to 
usual sick day guidance.

5.3. � We recommend patients ensure they have a mini-
mum 1 month supply of their immunosuppression 
and other medications available, with adequate pre-
scription refills to allow for timely dispensing of 
medications.

Rationale

There is limited evidence in immunosuppressed children 
with kidney transplants to suggest that they may not be at 
increased risk of severe COVID-19 disease.35-38 However, 
evidence from similar adult populations suggests an increased 
risk of acquiring COVID-19 and an increased risk of severe 
disease and undesirable outcomes.13-18 Therefore, we recom-
mend careful consideration of the degree of immunosuppres-
sion that is required in each child with a kidney transplant to 
avoid under- or over-immunosuppression. While no evi-
dence is available to inform the risks associated with differ-
ent induction agents, we recommend reconsideration of 
lymphocyte-depleting induction agents as lymphopenia in 

COVID-19 patients is associated with severe disease.11,50,51 
This would translate to the avoidance of “high-risk” trans-
plants if they can be safely deferred. These considerations 
remain at the discretion of the clinician and the individual 
transplant program.

There has been much speculation of a possible association 
of severe COVID-19 disease with the use of angiotensin-con-
verting enzyme inhibitors (ACEi) and angiotensin-receptor 
blockers (ARBs) as the spike protein of the SARS-CoV-2 
virus uses angiotensin-converting enzyme 2 (ACE2) receptors 
for cell entry.52,53 The relationship between viral protein bind-
ing to ACE2, renin-angiotensin-aldosterone system (RAAS) 
inhibition, and pathogenicity of the virus is complex and 
incompletely understood—and has been the subject of detailed 
reviews.54,55 The current evidence suggests RAAS inhibition 
does not facilitate SARS-CoV-2 infection and/or more severe 
COVID-19 disease. We believe that further studies are required 
to definitively ascertain these risks. Therefore, we currently 
suggest that ACEi or ARBs should not be routinely discon-
tinued due to COVID-19 and that any decisions to initiate/
discontinue these medications should be subject to careful 
medical consideration led by the patient’s physician—This 
position is supported by multiple specialty societies.56-65

6.  Patient/Family Education/Support

6.1. � When possible, we suggest that patient/family edu-
cation be carried out via telehealth, supported by 
electronic education material.

6.2. � We suggest providing patients/families with infor-
mation on how to seek medical care in case of devel-
opment of symptoms of COVID-19—this should 
include urgent/emergent and routine care plans.

6.3. � We suggest that patients continue to receive educa-
tion about their diagnosis, ongoing clinical status, 
and treatment plan.

6.4. � We suggest compilation of clinically vetted informa-
tion, maintained by professional organizations/soci-
eties to be shared with patients where appropriate.

6.5. � COVID-19-specific educational resources:
•	 https://www.canada.ca/en/public-health/services/

diseases/coronavirus-disease-covid-19.html
•	 https://www.cps.ca/en/tools-outils/covid-19 

-information-and-resources-for-paediatricians
•	 https://www.cst-transplant.ca/COVID-19_Infor 

mation.html
•	 https://profedu.blood.ca/en/organs-and-tissues/

covid-19-update-organ-donation-and-transplanta-
tion-services

•	 https://tts.org/index.php?option=com_content&vi
ew=article&id=692&Itemid=115

•	 https://www.myast.org/covid-19-information
•	 https://tts.org/ipta-about/ipta-presidents-message/ 

146-uncategorised/ipta/ipta-about/701-ipta 
-paediatric-information-on-covid-19

https://www.canada.ca/en/public-health/services/diseases/coronavirus-disease-covid-19.html
https://www.canada.ca/en/public-health/services/diseases/coronavirus-disease-covid-19.html
https://www.cps.ca/en/tools-outils/covid-19-information-and-resources-for-paediatricians
https://www.cps.ca/en/tools-outils/covid-19-information-and-resources-for-paediatricians
https://www.cst-transplant.ca/COVID-19_Information.html
https://www.cst-transplant.ca/COVID-19_Information.html
https://profedu.blood.ca/en/organs-and-tissues/covid-19-update-organ-donation-and-transplantation-services
https://profedu.blood.ca/en/organs-and-tissues/covid-19-update-organ-donation-and-transplantation-services
https://profedu.blood.ca/en/organs-and-tissues/covid-19-update-organ-donation-and-transplantation-services
https://tts.org/index.php?option=com_content&view=article&id=692&Itemid=115
https://tts.org/index.php?option=com_content&view=article&id=692&Itemid=115
https://www.myast.org/covid-19-information
https://tts.org/ipta-about/ipta-presidents-message/146-uncategorised/ipta/ipta-about/701-ipta-paediatric-information-on-covid-19
https://tts.org/ipta-about/ipta-presidents-message/146-uncategorised/ipta/ipta-about/701-ipta-paediatric-information-on-covid-19
https://tts.org/ipta-about/ipta-presidents-message/146-uncategorised/ipta/ipta-about/701-ipta-paediatric-information-on-covid-19


Teoh et al	 9

•	 https://www.who.int/emergencies/diseases/
novel-coronavirus-2019

•	 https://www.cdc.gov/coronavirus/2019-ncov/
index.html

•	 https://resources-covid19canada.hub.arcgis.com/
•	 https://kidney.ca/COVID-19-How-to-Protect 

-Yourself
•	 https://publications.msss.gouv.qc.ca/msss/

fichiers/2020/20-210-166W.pdf (from Institut 
national d’excellence en santé et en services 
sociaux, INESS)

Rationale

Providing patients/families with accurate and up-to-date 
information about their clinical status and treatment plan 
reinforces good self-management. During the COVID-19 
pandemic, it is important to provide patients/families with 
accurate, vetted, and up-to-date information about how 
COVID-19 may impact their health and ongoing access to 
care. Pediatric transplant programs should consider reinforc-
ing this with written information and links to specific 
resources maintained by professional organizations/societies.

7. � School, Daycare, Summer Camp, and 
Employment

7.1. � We advise that children with kidney transplants and 
their close caregivers/family members take extra 
precautions and continue to practice enhanced pro-
tective precautions (ie, frequent hand hygiene, phys-
ical distancing, masking) to minimize exposure to 
SARS-CoV-2.

7.2. � We recommend that schools, local/provincial school 
authorities, daycares, summer camps, and employ-
ment facilities actively take precautionary measures 
to mitigate risks of SARS-CoV-2 transmission in 
their local environment (ie, masking policy, physical 
distancing, encouragement of proper hand hygiene 
practices, policy for staff/participant nonattendance/
self-isolation if symptomatic).

7.3. � We recommend that schools, local/provincial school 
authorities, daycares, summer camps, and employment 
facilities implement active screening measures to assess 
risk of SARS-CoV-2 transmission (ie, symptom and/or 
temperature screening among staff/participants).

7.4. � We suggest that schools, local/provincial school 
authorities, daycares, summer camps, and employ-
ment facilities maintain active surveillance of their 
COVID-19 infection rates among their staff, partici-
pants, and local community to keep patients/families 
informed, as well as to facilitate informed decisions 
about attendance for kidney transplant recipients.

7.5. � We recommend that the decision to return to school, 
daycare, summer camp, and/or work be considered 

on a case-by-case basis, with particular consider-
ation of their immunosuppressive burden, exposure 
risk inherent to their school and/or environment, and 
the presence of other comorbid conditions, psycho-
social concerns, and/or learning needs, and be guided 
by the epidemiology of COVID-19 cases in the com-
munity and by public health (see also Table 2).

Rationale

In response to the COVID-19 pandemic, many countries have 
implemented school and daycare closures as a physical dis-
tancing measure to reduce the rates of community transmis-
sion to avoid the risk of overwhelming available health care 
resources. While evidence about its contribution to transmis-
sion control is generally lacking, recent rapid systematic 
reviews highlighted preliminary findings that children and 
young adolescents were less susceptible to SARS-CoV-2, 
suggesting their relatively smaller role in transmission of the 
virus66 and suggested that school closures alone would pre-
vent between 2% and 4% of deaths from COVID-19.67

We recognize that the necessary implementation of physi-
cal distancing measures during the COVID-19 pandemic 
will likely lead to unintended consequences on the mental 
health and well-being of children.68,69 Children will invari-
ably be affected by concerns and anxiety related to the risks 
posed by the pandemic on their own health, safety, and need 
for protection. These concerns can exacerbate preexisting 
trauma, adversity, and disparities. For many children and 
their families, the pandemic may have led to new loss, grief, 
and trauma, as well as adversity related to their isolation, 
economic hardship, and unmet basic needs which increases 
the risk for emotional and physical abuse at home. A recent 
rapid review of the psychological impact of quarantine 
highlighted increased anger, confusion, and posttraumatic 
stress symptoms, as well as substance abuse in those under 
quarantine.70 Depression and anxiety are known to be com-
mon in children with chronic kidney disease.46,47 Mental 
health concerns can be exacerbated by isolation from peers 
and the loss of purposeful routine that children with chronic 
health conditions have experienced during the COVID-19 
pandemic.48,49 These mental health risks must also be consid-
ered when counseling patients on the timing of returning to 
school, daycare, summer camp, and/or employment.

We do not currently have evidence to confirm that pediat-
ric kidney transplant recipients are at higher risk for more 
severe COVID-19. These suggestions are made on the basis 
that children with kidney transplants who are immunosup-
pressed, particularly those with higher degree of immuno-
suppression (eg, recent transplantation, recent treatment of 
acute rejection, lymphopenia), and those with medical 
comorbidities (eg, obesity, diabetes mellitus, chronic lung/
heart disease) may be at increased risk for acquiring COVID-
19 and suffering from related complications when compared 
with the general pediatric population. We advise that 

https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.cdc.gov/coronavirus/2019-ncov/index.html
https://www.cdc.gov/coronavirus/2019-ncov/index.html
https://resources-covid19canada.hub.arcgis.com/
https://kidney.ca/COVID-19-How-to-Protect-Yourself
https://kidney.ca/COVID-19-How-to-Protect-Yourself
https://publications.msss.gouv.qc.ca/msss/fichiers/2020/20-210-166W.pdf
https://publications.msss.gouv.qc.ca/msss/fichiers/2020/20-210-166W.pdf
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Figure 1.  Suggested algorithm of management of pediatric transplant recipients with suspected/confirmed COVID-19.
Note. COVID-19 = coronavirus disease 2019; PPE = personal protective equipment; SARS-CoV-2 = Severe Acute Respiratory Syndrome Coronavirus 
2; ARDS = acute respiratory distress syndrome; CNI = calcineurin inhibitors; ACEi = angiotensin-converting enzyme inhibitors; ARB = angiotensin-
receptor blockers; AKI = acute kidney injury.
aARDS definition as per Pediatric Acute Respiratory Distress Syndrome criteria.74

children with kidney transplants, and their close caregivers/
families continue to practice enhanced protective precau-
tions and take a cautious approach to the resumption of phys-
ical/in-person activities.71 We recommend that questions 
pertaining to the suitability for children with kidney trans-
plants to return to school, daycare, summer camps, and/or 
employment physically should be considered on a case-by-
case basis, with particular consideration of their immunosup-
pressive burden, exposure risk inherent to their school and/or 
environment and the presence of other comorbid conditions, 
psychosocial concerns, and/or learning needs. Suitability 

should be guided by the epidemiology of COVID-19 cases in 
the community and by public health.72,73

8.	� Management of Pediatric Kidney Transplant 
Patients Who Are COVID-19 Positive (see also 
Figure 1)

8.1. � General Principles
	  8.1.1. � We recommend that health care profession-

als managing patients with suspected/con-
firmed COVID-19 use appropriate personal 
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protective equipment (PPE) according to 
local, provincial, and national guidelines.

	  8.1.2. � We recommend appropriate isolation of 
patients with suspected/confirmed COVID-
19 in all clinical settings (inpatient, intensive 
care unit, outpatient, emergency department); 
ideally within a specific COVID-19 unit that 
is separate from other areas with non-
COVID-19 patients.

	  8.1.3. � We recommend that patients with symptoms 
suggestive of COVID-19 be tested according 
to local guidelines. Health care professionals 
should be aware that children may present 
with atypical symptoms (eg, gastrointestinal 
symptoms, skin rash or skin lesions), and thus 
should have a high level of suspicion

	  8.1.4. � We recommend that clinical care decisions 
for patients be assessed on a case-by-case 
basis with consideration of patient/family 
resources, local hospital resources, local 
guidelines, and in consultation with the multi-
disciplinary care team with relevant expertise 
(ie, pediatric transplant, infectious diseases, 
rheumatology, hematology).

	  8.1.5. � We recommend close monitoring/follow-up 
of patients (asymptomatic or with mild symp-
toms) who are managed as outpatients utiliz-
ing telehealth (telephone, video calls) for 
development/worsening of symptoms (tachy-
pnea, respiratory distress, hypoxia) and/or 
allograft dysfunction that may warrant hospi-
tal admission.

	  8.1.6. � We recommend that health care professionals 
managing pediatric kidney transplant recipi-
ents maintain a high index of suspicion and 
be aware of atypical presentations of COVID-
19 in children (eg, gastrointestinal symptoms, 
multisystem hyperinflammatory syndrome) 
to make timely diagnoses.

8.2. � Immunosuppression management
	  8.2.1. � We recommend that decisions about reduc-

tion or discontinuation of immunosuppres-
sion for kidney transplant recipients who are 
COVID-19 positive be considered on a case-
by-case basis with close clinical assessment, 
consideration of the overall degree of immu-
nosuppression, and in consultation with 
local kidney transplant and infectious dis-
eases experts.

	  8.2.2. � We suggest consideration of initial reduction 
or discontinuation of antiproliferative agents 
(mycophenolate mofetil or azathioprine) in 
mild-to-moderate COVID-19.

	  8.2.3. � We suggest consideration of reduction or 
discontinuation of calcineurin inhibitors 
(tacrolimus or cyclosporine) in moderate-

to-severe COVID-19 or if there is progres-
sive clinical deterioration.

	  8.2.4. � If immunosuppression is reduced or dis-
continued, we suggest that the decision on 
when to reinstate be considered on a case-
by-case basis upon clinical assessment of 
recovery of symptoms, and in consultation 
with local kidney transplant and infectious 
diseases experts.

8.3. � Considerations for antiviral or additional agents
	  8.3.1. � Currently, there is no definitive evidence to 

support the efficacy of specific antiviral or 
additional agents for treatment of COVID-19 
in pediatric kidney transplant recipients.

	  8.3.2. � We suggest consideration of systemic cortico-
steroids in consultation with the intensive 
care team in severe or critical COVID-19, if 
there is progressive clinical deterioration or if 
patients require ventilatory support.

	  8.3.3. � We suggest that the use of these agents be 
considered in conjunction with local guide-
lines and practice, emerging evidence or as 
part of clinical trials.

	  8.3.4. � If antiviral treatment is used, we suggest close 
monitoring for potential adverse outcomes 
and therapeutic drug levels due to possible 
drug-drug interactions.

Rationale

This represents a consensus opinion of a group of pediatric 
transplant professionals, based on limited evidence base for 
COVID-19 in children and in pediatric transplant recipients 
(mostly adult patients).41,75-80 We suggest that these recommen-
dations be used in conjunction with provincial and/or institu-
tional guidelines. We recommend that caution be exercised 
when making decisions about immunosuppression adjustment, 
in consultation with the pediatric kidney transplant team.

Each patient should be carefully considered when present-
ing with symptoms suspicious for COVID-19. The majority 
of pediatric patients have mild symptoms and may not require 
admission.3,4,6-9,29-34 Reports of COVID-19 in immunosup-
pressed children with kidney transplants have been few and 
far between. Currently available evidence suggests that this 
population is not at increased risk of severe COVID-19 dis-
ease.35-39 However, clinicians should be aware that there have 
been reports suggesting that transplant recipients may present 
with atypical symptoms (eg, gastrointestinal symptoms).81 
There have also been reports where children present with der-
matologic manifestations (eg, chilblains, vasculitic rash)82-86 
and a pediatric inflammatory multisystem syndrome tempo-
rally associated with COVID-19 (PIMS).87,88

There are currently no evidence-based reports to support 
specific adjustments to immunosuppressive medications in 
relation to COVID-19. Reported clinical experience and 
expert opinion suggests the initial reduction or discontinuation 
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of antiproliferative agents (ie, mycophenolate mofetil, azathi-
oprine) in patients with mild-to-moderate COVID-19, extrap-
olated from the approach for clearance of other viral 
pathogens.89 The suggestion for continuation of calcineurin 
inhibitors (CNIs—tacrolimus and cyclosporine) unless 
patients develop moderate-to-severe or progressively worsen-
ing COVID-19 is based on in vitro evidence that suggests that 
coronaviridae replication may require intact immunophilin 
pathways and that CNIs inhibit coronavirus replication.90-92 It 
has to be emphasized that the decision to continue/discontinue 
any immunosuppression lies with the clinician, guided by pro-
vincial/local guidelines, with consideration of their potential 
benefit versus their ongoing immunosuppressive effect.

There is currently limited evidence to support the effi-
cacy of a specific antiviral and/or immunomodulatory agent 
for the treatment of COVID-19 in adults, and no evidence 
in children.93,94 There are currently several antiviral agents 
being used/studied: (1) remdesivir95-98; (2) lopinavir-ritona-
vir ± ribavirin99,100; (3) chloroquine/hydroxychloroquine 
± azithromycin.101-106 Preliminary results from a double-
blind, randomized, placebo-controlled trial suggest that 
intravenous remdesivir may be effective in shortening the 
time to recovery in adults hospitalized with COVID-19, 
although no adult or pediatric kidney transplant recipients 
were included.98 A randomized, double-blind, placebo-con-
trolled trial assessing hydroxychloroquine use as post-
exposure prophylaxis also showed that its use within 4 days 
of exposure did not prevent COVID-19 illness.107 Certain 
patients with COVID-19 and acute respiratory distress syn-
drome (ARDS) develop hyperinflammatory syndromes 
which resemble secondary hemophagocytic lymphohistio-
cytosis (HLH) and CAR-T cell therapy associated cytokine 
release syndrome (CRS). Raised inflammatory markers 
(C-reactive protein, ferritin, d-dimer and interleukin-6) is 
associated with more severe disease and worse progno-
sis.108,109 Anakinra (anti-IL1 receptor antagonist) and 
Tocilizumab (anti-IL6 receptor antagonist) are established 
treatments for HLH and CRS which have been used to treat 
the hyperinflammatory syndrome associated with severe 
COVID-19.110-114

There is emerging evidence to suggest that systemic cor-
ticosteroid use may be beneficial in hospitalized adults with 
severe COVID-19 who required oxygen or invasive mechan-
ical ventilation. Preliminary results from the RECOVERY 
trial group suggest that the use of dexamethasone (dose of 
6mg daily for up to 10 days) in hospitalized adults with 
COVID-19 who required oxygen or invasive mechanical 
ventilation was associated with lower 28-day mortality.115 
Informed by evidence from 8 randomized trials (including 
7184 participants), the World Health Organization (WHO) 
recommends the use of corticosteroids in severe and critical 
COVID-19: systemic corticosteroids reduced 28-day mortal-
ity in adults with critical COVID-19 (absolute effect estimate 
87 fewer deaths per 1000 patients, 95% confidence interval 
[CI] 124 to 41 fewer deaths per 1000 patients) and in adults 
with severe disease (absolute effect estimate 67 fewer deaths 

per 1000 patients, 95% CI 100 to 27 fewer deaths per 1000 
patients).116-122 In contrast, systemic corticosteroid use was 
found to potentially increase the risk of death in patients 
without severe COVID-19 (absolute effect estimate 39 more 
deaths per 1000 patients, 95% CI 12 fewer to 107 more 
deaths per 1000 patients).116 The use of systemic corticoste-
roids for 7 to 10 days in the treatment of COVID-19 was 
not associated with increased risk of adverse events beyond 
increasing the incidence of hyperglycemia (absolute effect 
estimate 46 more per 1000 patients, 95% CI 23 to 72 more 
per 1000 patient) and hypernatremia (26 more per 1000 
patients, 95% CI 13 to 41 more per 1000 patients).116 At 
the time of writing, there are no randomized controlled tri-
als specifically informing the use of systemic corticoste-
roids in adult or pediatric solid-organ transplant recipients 
with COVID-19. Systemic corticosteroids may be associ-
ated with prolonged viral shedding in the immunocompro-
mised host.123 Their use should be considered in pediatric 
kidney transplant patients with severe or critical COVID-
19 who are progressively worsening or requiring mechani-
cal ventilation, in consultation with the pediatric intensive 
care team.

Convalescent plasma has also been used in the treatment 
of patients with severe COVID-19.124,125 A living Cochrane 
systematic review that included 4 controlled studies (1 RCT 
with 103 participants [55 received convalescent plasma] 
which was stopped early, 3 controlled non-randomized inter-
vention studies [NRSI] with 236 participants [55 received 
convalescent plasma]) failed to confirm the efficacy of con-
valescent plasma in treatment of patients with COVID-
19.124,126-129 The risk ratio for all-cause mortality was 0.89 
(95% CI, 0.61-1.31) from one NRSI (21 participants); hazard 
ratio for prolongation of time to death was 0.74 (95% CI, 
0.30-1.82) from one RCT (103 participants) and 0.46 (95% 
CI, 0.22-0.96) from one NRSI (95 participants); and the risk 
ratio of clinical symptom improvement at 28 days was 1.20 
(95% CI, 0.80-1.81) from one RCT (103 participants). The 
adverse effects reported in the studies included in the 
Cochrane review were death (4/15 classified as possibly 
related to transfusion), anaphylaxis, transfusion-associated 
dyspnea, and transfusion-related acute lung injury.126 
Currently, there is no evidence to support the use of conva-
lescent plasma in the treatment of COVID-19 in pediatric 
kidney transplant recipients. The various antiviral and immu-
nomodulatory agents are subject to ongoing clinical trials.

Antiviral therapy is likely to yield most benefit in the 
initial phase of illness. Immunomodulatory therapy may 
only be indicated if there is clear evidence of a hyperin-
flammatory state and likely yield most benefit in the later 
phase of illness. However, pending the results of random-
ized clinical trials, the risks and benefits of these 
approaches are unknown. The decision on their use in 
pediatric kidney transplant recipients should be carefully 
considered on a case-by-case basis in conjunction with 
local, regional, and national guidelines and in consultation 
with relevant pediatric infectious disease, respirology, 
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rheumatology, hematology, immunology, and pediatric 
kidney transplant specialists. When used, we recommend 
close monitoring for possible adverse effects and drug-
drug interaction with the patient’s immunosuppres-
sion.130,131 We suggest that the use of these agents be 
considered within a clinical trial setting.

Limitations

A full systematic review of available literature was not 
undertaken for the sake of expediency in development of this 
guideline. There is a paucity of literature to support evidence-
based recommendations at this time. Suggestions and recom-
mendations were formulated from expert opinion, based on 
available knowledge and experience, and are subject to the 
biases associated with this level of evidence. The parallel 
review process that was created to expedite the publication 
of this work may not be as robust as standard arms’ length 
peer review processes.

Implications

These recommendations are meant to serve as a guide to 
pediatric kidney transplant directors, clinicians, and adminis-
trators for providing the best patient care in the context of 
limited resources while protecting patients and health care 
providers wherever possible by limiting exposure to COVID-
19. We recognize that these suggested practices may not be 
applicable to all provincial and local health authority prac-
tices and that they may not be delivered to all patients given 
the time and resource constraints affecting the individual 
provincial and local health jurisdiction.
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