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Abstract

This is the protocol for a systematic review focussing on people receiving solid organ or
hematopoietic stem cell transplants.

Our research questions are as follows:

What is the relationship between serial PCR Ct value or other measures of viral burden, and the
likelihood and duration of the presence of infectious virus from viral culture, among transplant

recipients with SARS-CoV-2 infection?

What is the influence of age, sex, underlying pathologies, degree of immunosuppression,
vaccination status, COVID-19 symptoms and COVID-19 disease course on viral burden and the
likelihood of presence of infectious SARS-CoV-2?

We will include single studies reporting serial Cts from sequential rt-PCR testing or other measures
of viral burden such as RNA gene copies of respiratory samples (from nasopharyngeal specimens)
along with viral culture data on the same samples, from patients about to receive a transplant or

who are post transplant with SARS-CoV-2 infection.
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Background

Effective prevention of transmission of SARS-CoV-2 infections includes identifying potentially
infectious individuals. Previous work has demonstrated the importance of careful description of
cases and their follow up based on the close correlation between symptom onset, surrogates of
viral load such as real-time PCR cycle threshold (rt-PCR Ct) and likelihood of shedding replication
competent virus'™. However this likelihood may vary across populations and settings®. The
infectious dose in humans is unknown but in susceptible animal models such as the Syrian
hamster it has been shown to be as low as five infectious particles®.

In people receiving immunosuppressive agents (henceforth “immunosuppressed”) either preceding
or following a solid organ or hematopoietic stem cell transplant, infection with SARS-CoV-2 is
likely to be of longer duration than in non-immunocompromised patients % 7. As infectious virus
carriage may be greatly prolonged in immunosuppressed transplant patients compared to immune
competent people, safe removal from isolation should be based on the potential for forward
transmission of infectious virus as established using viral culture methods or suitable surrogate
markers. Where this is not possible, care protocols may rely on substitute indicators such as rt-
PCR Ct values or other estimates of viral load.

This review is part of a series aiming: a) to collate and evaluate the published data on potential
infectivity assessment in immunosuppressed patients infected with SARS-CoV-2, including only
studies employing viral cell culture, and b) to estimate the relationship between viral culture and
repeat rt-PCR Ct values or other measures of viral burden among immunosuppressed patients.
This review will focus on people receiving solid organ or hematopoietic stem cell transplants.
Future reviews will focus on other immunosuppressed populations either because of underlying
primary or secondary immunodeficiencies (e.g. HIV, primary hypogammaglobulinaemia, use of
chemotherapy and other immunosuppressive drugs.

The series of reviews will focus on narrowing uncertainty around the prognostic significance for

infectivity of surrogate viral burden measures.
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The review research questions are:

What is the relationship between serial PCR Ct value or other measures of viral burden, and the
likelihood and duration of the presence of infectious virus from viral culture, among transplant
recipients with SARS-CoV-2 infection?

What is the influence of age, sex, underlying pathologies, degree of immunosuppression,
vaccination status, COVID-19 symptoms and COVID-19 disease course on viral burden and the

likelihood of presence of infectious SARS-CoV-2?

Methods

Search Strategy

The following electronic databases will be searched: LitCovid, medRxiv, Google Scholar and the
WHO Covid-19 database.

The literature search terms will be:

(coronavirus OR covid-19 OR SARS-CoV-2) AND (immunosuppressed OR immunocompromised
OR transplant OR immunosuppression OR "immune deficient" OR HIV) AND (CPE OR “cytopathic
effect” OR “Viral culture” OR “virus culture” OR vero OR "virus replication" OR "viral replication”
OR "cell culture" or "viral load" OR "viral threshold" OR "log copies" OR "cycle threshold").

Each database will be searched from November 2019 until December 31, 2021. No language

restrictions will be imposed.

Screening
Screening will be performed independently by four researchers (JB, TJ, SM and ES). Title and
abstract screening will identify studies for consideration of full text. Full text screening will be

performed in duplicate and disagreements arbitrated by a third reviewer.
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Inclusion criteria

Studies reporting serial Cts from sequential rt-PCR testing or other measures of viral burden such
as RNA gene copies of respiratory samples (from nasopharyngeal — NP - specimens) along with
viral culture data on the same samples, from patients about to receive a transplant or who are post
transplant with SARS-CoV-2 infection, will be included. Any primary study type will be considered
for inclusion, providing it reports sufficient relevant information and detail. Studies reporting only in
poster or abstract form will be excluded. Reviews will be excluded but the reference lists screened

for potential relevant primary studies.

Exclusion criteria

Studies using post-mortem samples only and non-respiratory samples only will be excluded. We

will also exclude studies that did not perform viral cultures.

Data extraction

Data will be extracted by one researcher and independently checked by a second; disagreements
will be arbitrated by a third reviewer. Data will be extracted on study characteristics including
population, setting, sampling and laboratory methods, clinical information, prescribed drugs,

vaccination status, laboratory findings and clinical outcomes.

Quality assessment

Quality of included studies will be assessed according to five criteria:

1. Were the criteria for diagnosing a case clearly reported and appropriate?
2. Was the reporting of patient/population characteristics including clinical symptoms,
treatments with degree of immunosuppression and outcomes adequate?

3. Was the study period, including follow-up, sufficient to adequately assess any potential
5
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relationship between viral burden measures and likelihood of producing replication-
competent virus and the rise in neutralizing antibodies?

4. Were the methods used to obtain rt-PCR results replicable, generalisable and appropriate?
We consider that each study should establish the relationship between their Ct values and
the target gene copy number, using internal standards®. Studies using internal controls can
allow some degree of cross-calibration between the different PCR assays used.

5. Were the methods used to obtain viral culture results replicable and appropriate?

We consider the methods used should, at a minimum, include a description of specimen
sampling and management, preparation, media and cell line used, exclusion of
contamination or co-infection (use of good controls and appropriate antibiotics and
antimycotics and possible use of gene sequencing if available) and results of inspection of

culture.

It is anticipated that for this relatively uncommon patient group, most studies reporting relevant
data will be case studies or case series. These types of studies may be inherently biased in the
selection of study participants, and might not fully represent the transplant patient population

overall. However, they probably represent the most detailed longitudinal reports of the findings

available.

Data reporting and pooling

We will report study flow according to PRISMA reporting standards for systematic reviews and
meta-analyses®. We will report study characteristics including age, sex, clinical symptoms,
treatments and events in the participants in tabular form. We will present data on disease burden
measures and on viral culture in tabular form. For studies reporting more than one patient
participant, data will be extracted related to all transplant patient participants. We are not planning

to pool the data to provide a cut off because the differences in laboratory practices and assays and
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sometimes the absence of internal controls while undertaking PCR are likely to impede meaningful

comparisons® 1°

. We plan instead to review narratively with a summary estimate of the relationship
between viral burden and likelihood of producing replication-competent SARS-CoV-2 from NP
specimens?.

If data are available and sufficient, the influence of age and/or sex on the relationship will be

investigated. The results of these analyses may be presented in tables or figures, or solely in the

text.
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