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Abstract

Purpose of Review While a great deal of literature has been published recently on the viral kinetics of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection and diagnostic testing performance for coronavirus disease 2019 (COVID-19)
in the general population, a relative paucity of information has come to light regarding implications of COVID-19 diagnostics for
solid organ transplantation. This review examines the current state of knowledge regarding the two principal diagnostic testing
strategies for SARS-CoV-2 infection, polymerase chain reaction (PCR)-based testing and serology, and discusses COVID-19
diagnostic implications for solid organ transplantation.

Recent Findings The interpretation of diagnostics for SARS-CoV-2 infection can present several challenges and raises questions
regarding optimal donor and candidate screening as well as infection prevention practices in solid organ transplant recipients with
SARS-CoV-2 infection. Guidance from several societies regarding donor and recipient suitability for transplantation during the
COVID-19 pandemic is reviewed. Prolonged positive testing by polymerase chain reaction has been described in transplant
recipients which may impact infection prevention practices.

Summary The COVID-19 pandemic has put multiple aspects of solid organ transplantation at risk, with impacts on donor and
recipient suitability, and mitigation of infection and transmission after transplantation. Accumulating evidence regarding diag-
nostic fidelity and transmissibility of SARS-CoV-2 in immunocompromised patients will continue to inform optimal practices
surrounding solid organ transplantation during the COVID-19 pandemic.

Keywords COVID-19 - Organ transplant - Screening - Serology - Molecular testing

Introduction

The importance of both accurate and precise diagnostic testing
for SARS-CoV-2 infection in the current COVID-19 pandem-
ic cannot be overstated. Individual patient care, local outbreak
control, and regional and national public health recommenda-
tions are critically dependent on accurate and precise diagnos-
tic testing. The development of internally reliable and
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externally validated assays in the midst of a pandemic is an
important first step of response that can impact clinical care
and infection prevention strategies. Currently available molec-
ular and serologic tests are associated with clinical nuances,
and testing therefore requires careful interpretation and imple-
mentation. In a short period of time, a considerable amount of
literature on testing performance and its impact on clinical
care within the general population have been available. In
contrast, there is a still-growing body of literature addressing
challenges with the interpretation of current diagnostics for
SARS-COV-2 infection in the immunocompromised host, in-
cluding in solid organ transplant recipients.

The remarkable transmissibility of SARS-CoV-2 in com-
munity and nosocomial settings alike poses a risk to various
aspects of peri-transplant management [1, 2¢]. The impact of
the pandemic on organ donation and transplantation continues
to be studied, and several transplantation-focused societies
have published expert guidance regarding pre-transplant man-
agement in the context of the pandemic [3e, 4+, 5, 6°]. In the
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post-transplant setting, case reports, case series, and now mul-
ticenter studies have been published describing SARS-CoV-2
infection in transplant recipients [7¢]. The clinical manifesta-
tions and spectrum of disease severity have generally been
consistent with those of the general population, though it has
been shown that viral shedding may be prolonged in trans-
plant recipients and that viral loads may be higher at the time
of diagnosis in transplant recipients compared to the general
population. [8e, 9e, 10¢]

Herein, we review the current state of knowledge regarding
the principal method of SARS-CoV-2 diagnostic testing: de-
tection of viral ribonucleic acid (RNA) by nucleic acid ampli-
fication (NAAT)-based assays. Thereafter, we offer consider-
ations of the role of diagnostic testing and highlight diagnostic
dilemmas that may arise in different clinical scenarios, such as
donor screening, transplant candidate screening, and infection
prevention practices involving SARS-CoV-2-infected trans-
plant recipients.

SARS-CoV-2 Diagnostics
Nucleic Acid Amplification

The gold standard diagnostic method for COVID-19 is the
detection of SARS-CoV-2 RNA, most commonly by real-
time polymerase chain reaction (RT-PCR). However, other
NAAT methodologies, including isothermal nucleic acid am-
plification and transcription-mediated amplification, are in
use. Both commercial and laboratory-developed assays, most
notably from United States Centers for Disease Control and
Prevention (CDC), are available with a range of gene targets,
analytical sensitivities, throughput, automation, turnaround
time (5 minutes to 4 hours), and accepted specimen types.
PCR assays should ideally include at least two molecular tar-
gets, which can be genes for structural proteins or genes
encoding viral replication machinery. The SARS-CoV-2 viri-
on is composed of a helical capsid formed by nucleocapsid
proteins bound to the RNA genome and an envelope made of
membrane and envelope proteins coated with spike proteins
[11]. The viral genome encodes proteases and a RNA-
dependent polymerase. Structural gene targets include those
encoding envelope spike protein designated (S), envelope pro-
tein (E), transmembrane protein (M), helicase (Hel), and nu-
cleocapsid (N). Viral replication machinery gene targets in-
clude genes encoding the RNA-dependent RNA polymerase
(RdRp), hemagglutinin-esterase (HE), and open reading
frames (ORFla and ORF 1b). The targeting of at least two
genetic loci confers additional specificity for the SARS-CoV-
2 by limiting potential cross-reaction with other coronaviruses
and guards against detection errors due to potential genetic
drift of SARS-CoV-2, though more recently some assays
targeting a single conserved target have been in use. CDC
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laboratory-developed assay targets two nucleocapsid targets
N1 and N2, while the World Health Organization (WHO)
has recommended a tiered screening approach with first-line
screening of E gene assay with confirmatory assay targeting
RdRp. Commercial assays in the United States utilize a variety
of other target combinations. The time-to-result varies widely
among the different commercial assays. For some assays, a
quantitative threshold of target gene detection, the cycle
threshold (Ct), is provided. The Ct is only available for some
PCR assays and is not available for isothermal amplification
techniques. The Ct vary across assays. The Ct denotes the
number of PCR amplification cycles required for a fluorescent
signal to cross the detection threshold indicating presence of
viral RNA. The Ct values are inversely proportional to the
amount of target nucleic acid present in the sample. The ana-
lytical sensitivity of PCR-based assays also varies by the par-
ticular test with the limit of detection being as low as 1-3
copies/pL for the CDC 2019-Novel Coronavirus real-time
RT-PCR diagnostic panel. Comparative performance assess-
ments of different commercially available assays have been
published [12-17].

While the analytical sensitivity of PCR assays is
predetermined, the clinical sensitivity of molecular testing is
dependent on several factors including assay analytical sensi-
tivity, specimen type, specimen quality, severity of disease,
and the timing of specimen collection. Nasopharyngeal spec-
imens are overall the most sensitive upper respiratory tract
(URT) specimens followed by mid-turbinate, anterior nasal,
and oropharyngeal specimens [18¢]. In some studies, saliva
was equally sensitive to nasopharyngeal specimens but was
lower in others. Discrepancies in findings are likely attribut-
able to inconsistencies in saliva collection methods across
studies [19, 20]. Lower respiratory tract (LRT) specimens
are more sensitive than URT specimens with bronchoalveolar
lavage (BAL) fluid being the most sensitive, especially once
LRT involvement occurs. In one retrospective study address-
ing the detection of SARS-CoV-2 in different types of clinical
specimens, BAL fluid specimens showed the highest rate of
positivity (positive in 14 out of 15 samples) followed by spu-
tum sample testing (positive in 72 of 104 specimens), and then
by nasal swab testing, pharyngeal swab, feces, and blood, with
no positive urine specimens [21¢]. Testing from multiple sites
was posited to improve the sensitivity and reduce false-
negative rates. LRT specimens should be collected if URT
testing is negative but suspicion for COVID-19 remains high.
Patients with severe COVID-19 have higher viral loads than
mild cases and experience longer viral shedding (21 vs.
14 days) [22]. The clinical sensitivity of PCR testing is there-
fore likely to be higher in severe disease.

The clinical sensitivity of testing is also dependent on the
timing of specimen collection in the course of illness. In
COVID-19, viral replication in URT samples begins up to
5 days prior to symptom onset, peaks at 0.6 days to 5 days
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after symptoms, and may persist for 6 or more weeks [23e,
24]. Specimens obtained “too early” prior to the ramping up of
viral replication or “too late” after viral replication has de-
clined below the testing assay’s limit of detection may lead
to false-negative results. In COVID-19, clinical deterioration
occurring 1-2 weeks after symptom onset has been postulated
to be the result of a transition from a viral replication phase
into a cytokine storm response phase. Since clinical deteriora-
tion coincides with a decrease of viral replication, testing dur-
ing this phase may theoretically lead to false-negative results
(“too late”) since viral loads are significantly lower at the
inflammatory stage of disease; SARS-CoV-2 serology may
have a diagnostic role in this setting. Though viral RNA can
be detected for weeks after symptom onset, it is not clear that
RNA detection represents live, infectious virus [25]. Low-
level positive NAAT results that persist for weeks after initial
diagnosis may not indicate ongoing active infection. In several
studies, viral culture was successful only from specimens with
moderate-high viral load and within 10 days of symptom on-
set, suggesting that extended low-level viral shedding may not
reflect live infectious virus [26, 27¢].

The increased prevalence of disease and pretest probability
for COVID-19 are associated with an increased positive pre-
dictive value of testing. Though symptomatic patients are
more likely to test positive and have COVID-19, up to 50%
of patients may be actively infected in the absence of symp-
toms (pre-asymptomatic or asymptomatic) and may nonethe-
less be a source of secondary transmission to others, so testing
of asymptomatic populations is recommended in some in-
stances including for immunocompromised patients admitted
to the hospital and in the setting of active community trans-
mission. Indeed, mathematical modeling has suggested that
persons in the pre-symptomatic stage of COVID-19 likely
account for up to 44% of secondary transmissions [23¢].

Vulnerabilities in molecular testing of COVID-19 are be-
ing increasingly recognized. Pre-analytical vulnerabilities in-
cluding testing material shortages and sudden, unanticipated
rises in demand for testing and analytic vulnerabilities includ-
ing testing performed outside the ideal diagnostic window
have been described [28]. Interpretation of both positive and
negative tests can be challenging depending on the present
clinical scenario and the current prevalence of disease which
affects positive and negative predictive values. It is known
that the rates of positive PCR testing from the nasopharynx
and from other anatomic sites will vary during the course of
illness due to intermittent shedding [29¢]. Nasopharyngeal
testing via PCR could fail to yield a positive result in a patient
harboring SARS-CoV-2 infection if not obtained within an
appropriate timeframe since onset of illness. By approximate-
ly 2 weeks after symptom onset, PCR positivity from the
nasopharynx declines in immunocompetent populations but
is more prolonged in immunocompromised patients [8e].
Recently, SARS-CoV-2 mutations have been linked to failed

amplification of specific gene targets using RT-PCR, raising
the possibility of false-negative testing and highlighting the
need for ongoing genotypic surveillance of circulating SARS-
CoV-2 strains [30, 31].

There continue to exist significant controversies and
unanswered questions regarding testing for SARS-CoV-
2 infection. Chief among these are whether prolonged
PCR positivity correlates to the clinically relevant po-
tential for transmissibility or infectivity and whether
demonstration of positive serology implies clinical im-
munity. In an early virologic assessment of patients with
mild COVID-19, the recovery of culturable virus was
confined to upper respiratory tract samples obtained
within 8 days of symptom onset and with very high
viral load, whereas other studies have suggested that
culturable virus can only be recovered from positive
specimens with a cycle threshold above 33-34 [32].

Serology

The optimal role for serology in clinical practice is as of yet
unclear; however, serology may be useful to diagnose prior
infection in recovered individuals or infection in patients with
later presentations who may exhibit undetectable viral loads at
the point of care by molecular testing. Additionally, serology
may be useful for the identification of possible donors of con-
valescent plasma (for treatment purposes), the epidemiologic
study of disease prevalence, and in contact tracing. Antibody
testing could also be used in the near future for verification of
immune response to the much-anticipated SARS-CoV-2 vac-
cines. Antibodies to SARS-CoV-2 are generally measured
with enzyme-linked immunosorbent assay (ELISA), lateral
flow immunoassays (LFIA), or chemiluminescent immunoas-
says (CLIA). An early assessment of antibody response to
SARS-CoV-2 infection in 368 patients was notable for the
relatively high rate of seroconversion with median times to
seroconversion at days 11-14 since onset of symptoms [25].
The seroconversion rates for total antibody, IgM, and IgG
were 93.1%, 82.7%, and 64.7%, respectively. Twelve patients
remained seronegative, and these patients’ samples had gen-
erally been collected earlier in the course of illness.
Cumulative seroconversion of total antibody reached 100%
by approximately 1 month after onset of symptoms. Another
study on the diagnostic performance of rapid IgG and IgM
antibody tests and a particular ELISA-based IgA and IgG test
found a sensitivity 12-25 days after onset of symptoms be-
tween 92.1% and 100% for IgG LFIA compared to 89.5% for
IgG ELISA [33]. Significant variation of results for IgM be-
tween different LFIAs was noted, and adding IgM to IgG did
not improve diagnostic performance. A meta-analysis of diag-
nostic accuracy of serologic tests for COVID-19 found signif-
icant heterogeneity among preprint and published studies as
well as high risk of selection and other biases; pooled
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sensitivity measuring IgG or IgM was 84.3% for ELISAs,
66% for LFIAs, and 97.8% for CLIAs. Specificities ranged
higher, from 96.6 to 99.7% [34].

At this time, serology is not recommended for clinical di-
agnosis of SARS-CoV-2 with few exceptions including the
diagnosis of multisystem inflammatory syndrome in children
without prior positive NAAT [35-37] and perhaps the diag-
nosis of suspected recent COVID-19 with negative repeated
RNA testing. Antibody detection is less sensitive for acute
infection than molecular methods particularly among immu-
nosuppressed patients, and the impact of positive antibodies
on immunity and secondary transmission is as of yet unclear.

Clinical Application of COVID Diagnostics
in Transplantation

Donor-Derived Infection and Donor Screening

Donor-derived transmission is biologically plausible based on
current understanding of the pathophysiology of COVID-19.
Indeed, SARS-CoV-2 infection is tropic to multiple organ
systems including the lungs, kidneys, intestines, and heart
among others [38], through binding of angiotensin-
converting enzyme 2 (ACE2) in endothelial and other cell
types. Moreover, viremia has been documented in up to
15% of cases [39], and donor viremia at the time of transplan-
tation would present at least a theoretical risk of transmission.
There have been no reported donor-derived infections with
SARS-CoV-2 to date, and the risk of donor-derived infection
remains unclear at this time [1]. The lack of reported donor-
derived infection may have been influenced by donation
screening recommendations of several transplantation socie-
ties worldwide that generally had recommended routine
screening of potential organ donors and deferring organ offers
from a donor who had recent SARS-CoV-2 infection until
sufficient time has lapsed after infection [3¢, 40].

In the early stages of the pandemic, implementation of
donor screening began with an assessment of a potential do-
nor’s epidemiologic risk factors. Once the epidemic became
more widespread and testing more available, donor screening
via molecular testing for SARS-CoV-2 infection was increas-
ingly offered as part of a comprehensive evaluation prior to
transplantation. An early example of how a potential donor’s
epidemiologic risk would be taken into account came in the
form of recommendations for blood donation. The American
Red Cross initially published recommendations for delay of
blood donation for individuals with travel to high-risk areas or
known contact with an individual with suspected or proven
SARS-CoV-2 infection for a period of 28 days [41].
Furthermore, because of the risks of nosocomial transmission,
access to testing for those who worked within organ procure-
ment organizations and became important to ensure. It was
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recommended that transplant programs across the country re-
port any suspected donor or recipient infection as of February
2020 [42]. According to data reviewed by the Executive
Committee of the Organ Procurement and Transplantation
Network, donor SARS-CoV-2 positivity has resulted in defer-
rals of organ offers [43].

Consensus Guidance on Donor Screening

Donor screening for SARS-CoV-2 infection is presently rec-
ommended by multiple professional societies and involves
collection of data both in terms of potential epidemiologic
exposure the donor may have faced and direct PCR testing
of the donor [6°]. The Transplant Infectious Disease Section
of the Transplantation Society (TID-TTS) recommends that
persons exposed to a patient with confirmed or suspected
COVID-19 within 14 days of possible donation not be accept-
ed as donors; it is also recommended that donors with unex-
plained respiratory failure leading to death be excluded from
donation [4¢]. Likewise, potential donors who themselves
have tested positive for SARS-CoV-2 infection by PCR
should not be considered eligible for donation during active
or recent SARS-CoV-2 infection. Potential reasons to avoid
using SARS-CoV-2-infected donors include the risk of
bloodborne transmission of SARS-CoV-2, involvement of
donor organs, a paucity of significantly effective therapies,
exposure of healthcare teams to potential disease transmis-
sion, and hospital resource utilization [44]. These adverse
consequences are to be weighed against the life-saving and
quality of life-improving benefits of transplantation; some ev-
idence has emerged supporting at least the consideration of
accepting non-lung organs from SARS-CoV-2-infected de-
ceased donors. In such instances, there has been no report of
culturable virus retrieved from non-respiratory specimens, no
documented instances of transmission during the first
4 months of the SARS-CoV-2 pandemic, no report of detec-
tion of virus from liver tissue, and only one instance of SARS-
CoV-2 detection has been reported from cardiac tissue [45,
46]. As the debate continues regarding the risk of donor-
derived transmission, TID-TTS [30] states, “in balance, the
current recommendation is to not utilize donors who have
detectable SARS-CoV-2.” [40].

For living-related transplantation, it is recommended that
living donation not be pursued if either the donor or recipient
has been exposed to a patient with confirmed or suspected
COVID-19 within 14 days, while potential donors should
not be utilized if they have fever and/or respiratory symptoms
unless SARS-CoV-2 infection is excluded on the basis of
negative testing prior to transplantation. TID-TTS, in line with
most other groups, recommends that donation be delayed until
at least 14 days after symptom onset and two negative SARS-
CoV-2 PCR tests have been obtained at least 24 hours apart
[40]. One approach prior to living donor transplantation
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highlighted in the guidance from TID-TTS is to ensure that
both donor and recipient practice strict physical distancing
with a possible 14-day “stay home” period prior to the trans-
plantation and with NAAT testing for both planned donor and
recipient at the end of the period before the planned transplan-
tation [47].

The American Society of Transplantation (AST) has also
offered guidance on organ donor testing; regarding donor
screening in the era of COVID-19, it is recommended that
donors be screened epidemiologically and by clinical history
for suspected COVID-19. Viral testing of at least one sample
from the respiratory tract by NAAT for SARS-CoV-2 should
be performed within 3 days of procurement, with notice that
some experts recommend that a second viral test be performed
12-24 hours after the initial test and within 2448 hours of
procurement if possible. Providers can consider a second test
if the first test is negative and suspicion for infection of the
possible donor is high. Specific for thoracic organ donors,
AST recommends that one of the two tests be performed on
a LRT sample (i.e., on tracheal aspirate sample or BAL sam-
ple) when possible. AST allows donors known to have had
SARS-CoV-2 infection previously if they test negative on
PCR-based assays and after a 28-day period from resolution
of symptoms [3¢]. It is acknowledged that data regarding the
safety of organ donation from donors with previous COVID-
19 are extremely limited, and decisions regarding whether to
proceed with transplantation must include discussions with
the transplant candidate or proxy and weighing of the risk
associated with not proceeding with transplantation.

For living donors, the timing of surgery should be
reevaluated if donors or close contacts develop COVID-19.
Living donors should be encouraged to pursue preventive
strategies especially in the 14 days prior to planned transplan-
tation; if air travel is involved prior to transplantation, AST
strongly suggests a period of self-quarantine for 14 days prior
to the donation and after travel. All living donors should un-
dergo viral testing of at least one sample from respiratory tract
by NAAT-based assay within 3 days of donation. NAAT test-
ing from blood, stool, or urine is not presently recommended
for donor screening prior to transplantation. Additionally,
AST has not issued specific recommendations regarding the
use of serology in donor screening [3¢]. Such guidance comes
with the caveat that recommendations for donor screening and
testing may change over time as further data on SARS-CoV-2
and transplant accumulate. There may be a role for consider-
ation of a cutoff Ct of SARS-CoV-2 PCR testing in determi-
nation of donor eligibility in cases requiring urgent
transplantation.

Transplant Candidate Assessment

Recipient screening generally occurs prior to admission for
transplantation or during the admission process in many

centers. Multiple societies continue to recommend that poten-
tial recipients practice social distancing and wear masks when
in public spaces to mitigate the risk of acquisition of SARS-
CoV-2 infection and generally to follow CDC guidance re-
garding mitigation of infection risk. Specific recommenda-
tions for screening by review of exposure history, symptoms,
and recipient PCR testing vary according to the protocol of the
transplant center. Many societies recommend discussion of
risks and benefits with recipients regarding transplantation
during the pandemic regardless of donor screening [6, 40,
48]. Guidance from the International Society of Heart and
Lung Transplantation on candidate selection includes screen-
ing questionnaire for symptoms of COVID-19 among poten-
tial recipients, negative NAAT results within 72 hours prior to
transplantation, and consideration of thoracic computed to-
mography imaging to exclude active pneumonia [48].
Additional expert guidance from multiple national and inter-
national societies recommends SARS-CoV-2 screening via
NAAT of potential recipients [49]. TID-TTS advises that for
transplant candidates found to have infection, transplant
should be deferred until the candidate is clinically improved
and with no detectable virus. TID-TTS additionally states that
a transplant candidate should have two negative NAAT tests
at least 24 hours apart prior to being considered eligible for
transplantation unless the need for transplantation is urgent.
Other societies have also recommended deferral of transplan-
tation for candidates found to have SARS-CoV-2 infection [5,
49, 50]. The optimal timing of the deferral period for recov-
ering transplant candidates is not known. AST suggests con-
sideration of transplantation once all symptoms have resolved
and “a negative SARS-CoV-2 PCR from the URT prior to
transplantation,” while acknowledging that some transplant
physicians recommend two negative NAAT tests at least
24 hours apart because of concerns regarding limited sensitiv-
ity of each test and that the optimal timing of multiple tests in
this setting is not known. [51]

Infection Prevention Strategies in Transplant
Recipients

As with the general population, the diagnosis of SARS-
CoV-2 infection in transplantation recipients is almost
always established by NAAT testing. Cases of SARS-
CoV-2 infection in transplant recipients have raised dif-
ficult questions regarding the interpretation of testing
results and optimal infection prevention practices. A
particularly important question is the significance of
prolonged NAAT positivity among transplant recipients,
which has been reported to occur for up to 76 days
after onset of symptoms [10¢]. The detection of virus
via PCR, especially later in the course of illness, may
not indicate continued infectivity since commercial RNA
detection methods do not discriminate between viable,
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replicating virus and nonviable viral particulate matter.
Viral culture can be utilized to confirm the presence of
viable virus, though this approach is not widely avail-
able for clinical use beyond research settings and is
limited by substantial requirement for material re-
sources, time investment to grow the virus, and required
expertise. A heart transplant recipient was described to
have continued evidence of SARS-CoV-2 positive PCR
testing from oropharyngeal swab up to day 35 of infec-
tion [9¢]. Virus culture performed on days 18 and 21
after onset of symptoms was successful. The authors
concluded that findings of detectable viral RNA in the
oropharyngeal sample may have represented evidence
not only of prolonged viral shedding but of prolonged
viral infectivity [9¢]. Prolonged PCR positivity raises
questions regarding optimal infection prevention prac-
tices to balance adequately between the need to contain
viral transmission and reduce need for unnecessary bar-
rier precautions [52¢].

Prolonged shedding of viable and nonviable SARS-CoV-2
has important implications for infection prevention in trans-
plant centers. CDC has recently issued updated guidance on
infection prevention practices for immunocompromised pa-
tients infected with SARS-CoV-2. The updated guidance
was issued on the basis of accumulating evidence supporting
that ending isolation and precautions for persons with
COVID-19 using a symptom-based strategy rather than a
testing-based strategy is safe and effective [53¢]. This change
is significant in several ways, notably in that it addresses the
uncertainty raised in patients with persistently positive NAAT
tests and decreases the unnecessary use of personal protective
equipment and testing resources. CDC cited data showing that
for immunocompetent patients with mild to moderate
COVID-19, replication-competent virus has not been recov-
ered after 10 days following symptom onset, while recovery
of replication-competent virus between 10 and 20 days after
symptom onset has been noted in some individuals with se-
vere COVID-19 with the estimation that by 10 days following
symptom onset 88% of specimens no longer yielded
replication-competent virus and that by 15 days after symp-
tom onset 95% of specimens yielded no replication-competent
virus in these patients [54]. One large contact-tracing study
indicated that high-risk household and hospital contacts did
not develop SARS-Cov-2 infection if exposure occurred to
case patient after 6 or more days from case patient’s onset of
illness [55]. Analysis of contacts of “persistently positive”
cases by Korea CDC indicated that no secondary infection
occurred among contacts that could be attributed to contact
with these “persistently positive” case patients. CDC offers its
updated guidance with several caveats, among them that more
data are needed concerning viral shedding in immunocompro-
mised persons. CDC states that “persons with more severe to
critical illness or severe immunocompromise likely remain
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infectious no longer than 20 days after symptom onset” and
that “positive PCR during 90 days after illness onset more
likely represents persistent shedding of viral RNA than rein-
fection.” Presently for immunocompromised individuals,
CDC recommends isolation and precautions be discontinued
for most persons with COVID-19 10 days after symptom on-
set and with resolution of fever for at least 24 hours without
antipyretic administration along with improvement of other
symptoms; CDC stipulates that a limited number of persons
with severe COVID-19 can produce replication-competent
virus beyond 10 days, and this may warrant extension of the
duration of isolation and precautions for up to 20 days after
symptom onset. For severely immunocompromised patients
(a population not clearly defined by CDC), the recommended
duration for transmission-based precautions was extended to
20 days after symptom onset, or, for asymptomatic, severely
immunocompromised individuals, 20 days after initial posi-
tive SARS-CoV-2 NAAT testing. In asymptomatic immuno-
competent individuals, isolation and precautions can be
discontinued 10 days after first positive RT-PCR test. CDC
additionally offers that specifically for immunocompromised
patients, use of a testing-based strategy (rather than symptom-
based) may be reasonable, but for all others testing-based
strategy is no longer recommended [53¢].

Infection prevention practices among transplantation cen-
ters across the country have varied but have generally in-
volved documentation of patient symptom resolution and neg-
ative NAAT testing for the presence of SARS-CoV-2 prior to
the removal of isolation precautions as testing-based strategies
were preferred [1]. Given the limited role viral culture pres-
ently plays in clinical diagnostics, it may not be clear for a
given immunocompromised individual whether replication-
competent virus is recovered beyond the 20-day duration of
isolation and precautions suggested by CDC. Several centers,
for example, continue to rely upon a testing-based strategy to
conclude a period of patient isolation for transplant recipients.

Utility of Serology in Transplant Recipients

Several unanswered questions remain regarding the role of
serologic testing for SARS-CoV-2 in immunocompromised
patients. A clear clinical role for the application of serologic
testing remains to be defined as the durability of natural anti-
body response is uncertain. Furthermore, whether immuno-
compromised patients produce quantitatively or qualitatively
different humoral immune responses to SARS-CoV-2 is un-
known. Serology is not recommended for diagnosis in trans-
plant patients, and TID-TTS highlights that the magnitude of
SARS-CoV-2-specific antibody titers needed to prevent infec-
tion are not yet well studied. The duration of immunity, fur-
thermore, has not been well defined, particularly in the trans-
plant population. [56]
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Conclusion

A great deal of investigation into the performance of SARS-
CoV-2 diagnostics and into viral kinetics in immunocompe-
tent and immunocompromised patients has taken place thus
far during the COVID-19 pandemic. Current understanding of
the impacts of the pandemic on transplantation practices con-
tinue to evolve. An appreciation of the strengths and limita-
tions of SARS-CoV-2 diagnostics and the nuances involved in
their interpretation can provide a platform for guidance on safe
and effective practices for donor and candidate assessment
prior to transplantation as well as rational infection prevention
practices in transplant recipients with SARS-CoV-2 infection.
Further evaluation of viral kinetics, transmissibility, and diag-
nostic testing in donors, candidates, and transplant recipients
is needed and ongoing.
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