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Abstract
The incorporation of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) testing into patient care algorithms has been
proposed to mitigate risk. However, the two main professional societies for human reproduction (ESHRE and ASRM) appear
divergent on their clinical utility and whether they should be adopted. In this opinion paper, we review the currently available tests
and discuss the strengths and weaknesses of the proposed clinical care pathways. Nucleic acid amplification tests are the cornerstone
of SARS-CoV-2 testing but test results are largely influenced by viral load, sample site, specimen collection method, and specimen
shipment technique, such that a negative result in a symptomatic patient cannot be relied upon. Serological assays for SARS-CoV-2
antibodies exhibit a temporal increase in sensitivity and specificity after symptomonset irrespective of the assay used,with sensitivity
estimates ranging from 0 to 50%with the first 3 days of symptoms, to 83 to 88% at 10 days, increasing to almost 100% at ≥ 14 days.
These inherent constraints in diagnostics would suggest that at present there is inadequate evidence to utilize SARS-CoV-2 testing to
stratify fertility patients and reliably inform clinical decision-making. The failure to appreciate the characteristics and limitations of
the diagnostic tests may lead to disastrous consequences for the patient and the multidisciplinary team looking after them.
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Introduction

There are principally two types of tests available for severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and
its associated disease coronavirus disease 2019 (COVID-19):
viral tests and antibody tests. The viral assays are direct tests
as they are designed to detect the virus and therefore reflect the
current infection. In contrast, the antibody assays are indirect
tests, as they do not detect the virus, but rather ascertain

established seroconversion to previous infection, or early se-
roconversion to ongoing infection.

The utilization of direct molecular diagnostic testing based
on sequencing of the SARS-CoV-2 RNA genome has been
critical in identifying infected individuals in the early phase of
the disease. Antibody testing may be relevant for other clinical
applications including (i) diagnosis and triage of patients who
seek medical attention in the later phases of the disease; (ii)
contact tracing; (iii) stratifying workforces and patients if im-
munity is shown to be lasting; and (iv) sero-epidemiological
studies to understand the extent of COVID-19 spread.

To be able to recommend to clinicians the most appropriate
clinical conduct in the management of patients who are triage
positive, hence at risk of being infected, or of patients that may
present some symptoms during the cycle of treatment, we
must understand the main laboratory characteristics of the
diagnostic tests available at the moment.

Tests for direct detection of SAR-CoV-2

The recommended diagnostic test for SARS-CoV-2 infection
is by viral nucleic acid detection by nucleic acid amplification
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tests (NAAT), such as RT-PCR. The current database held by
the FIND presently contains 275 commercialized molecular
assays with many others in the development pipeline (search
performed on May 14, 2020). There is now a huge amount of
experience with these tests and widespread recognition of
their limitations. Specifically, test results are largely influ-
enced by viral load, sample site, and method of specimen
collection and specimen shipment technique, all of which
can contribute to a false-negative result. Of these viral load
and sampling sites are the most variable, with the viral load in
nasopharyngeal swabs at its highest at the time of symptom
onset and decreasing monotonically thereafter [1, 2]. Analysis
of viral temporal dynamics suggests that viral shedding may
begin 2 to 3 days before the appearance of the first symptoms,
facilitating pre-symptomatic or asymptomatic transmission
[3]. Given all these sources of variability, a negative test
resulting from respiratory samples does not exclude the pos-
sibility of SARS-CoV-2, and if symptomatic they should be
managed as a positive case and resampling undertaken.

Antigen detection tests are designed to directly detect viral
particles in biological samples like nasopharyngeal secretions.
Many rapid antigen tests have been proposed; however, their
performance would appear limited. Despite initial suggestions
of positive predictive values as high as 100%, and negative
predictive values for 97% for patients with high viral load, the
negative predictive value falls away steeply with reducing
viral load, with as low as 32% reported in cases with a low
viral load [4]. Hence, the principal concern for this kind of test
is the false-negative rate due to either a low or variable viral
load and the variability in sampling. Previous experience with
influenza antigen testing which is known to have low sensi-
tivity further highlights the need for caution, as a low false-
negative rate will be critical to ensure that appropriate public
health measures are not omitted [5]. Despite these limitations,
given their rapidity and ability to be deployed to any setting,
continued efforts towards improving this technology are
worthwhile.

Serological testing—for evidence
of SARS-CoV-2 exposure

The temporal dynamics of seroconversion after SARS-CoV-2
exposure have been delineated in conjunction with specific an-
tibody immunoassay development. The data would suggest that
there is either a simultaneous or sequential seroconversion for
both IgM and IgG titers, with titers potentially plateauingwithin
6 days after seroconversion [6]. In a series of sixty-three patients
with prolonged follow-up, overall seroconversion before hospi-
tal discharge was 96.8% [7]. This and other temporal studies
have highlighted the chronological nature of testing and the
critical need to account for the time of sampling in test interpre-
tation. For example in a cohort of 173 patients with confirmed

SARS-CoV-2 infection, in the early phase of illness (within 7-
day since onset), the NAAT exhibited 66.7% sensitivity and
only 38.3% of the cohort had evidence of antibodies [8].
Further evidence of the temporal nature of conversion was ob-
served with the more advanced techniques for immunoglobulin
detection, such as the automated chemiluminescent assay [9]. A
recent systematic review andmeta-analysis of antibody test per-
formance derived from 54 study cohorts with 15,976 samples
reported that the combination of IgG/IgM had a sensitivity of
30.1% (95% CI 21.4 to 40.7) for 1 to 7 days, 72.2% (95% CI
63.5 to 79.5) for 8 to 14 days, and 91.4% (95%CI 87.0 to 94.4)
for 15 to 21 days [6]. Estimates of accuracy beyond three weeks
were based on smaller sample sizes and fewer studies, with
96.0% (95% CI 90.6 to 98.3) sensitivity for 21 to 35 days.
The authors noted that therewere insufficient studies to estimate
the sensitivity of tests beyond 35 days of post-symptom onset
[6]. Notably, summary specificities derived from 35 studies
exceeded 98% for all target antibodies [6]. Collectively this data
suggests that there is no role for antibody testing in the diagnosis
of the disease in its very early phase, with the combined use of
NAAT and Ab tests markedly improving the sensitivities of
pathogenic-diagnosis for COVID-19 patients in the different
phases of their infection journey [10].

At present an extensive range of serological assays continue
to be released; however, few have undergone external valida-
tion. Gonzalez and colleagues reviewed four web databases for
SARS-CoV-2 immunoassays and by April 4, 2020, there were
already 226 immunoassays from 20 different countries. The
technical data sheet was available online in only 22% of tests;
23 claimed regulatory certification and only four had PubMed
listed papers [11]. With this overwhelming range of possibili-
ties, the selection of which test to adopt is problematic.
Pragmatically we would suggest using an automated and scal-
able immunoassay produced by a well-known established man-
ufacturer, with a complete and clear technical data sheet, a
regulatory certification issued by a health authority, and evi-
dence of independent validation. Table 1 summarizes the main
performance characteristics of the commonest used assays rel-
ative to the stage of the disease, with the overall strengths and
weaknesses of serological testing summarized in Table 2.

Rapid serological assays which are similar in design to the
lateral flow immunoassays used for pregnancy tests have also
been developed for the rapid detection of SARS-CoV-2 anti-
bodies. These tests would enable point-of-care detection of
SARS-CoV-2 exposed subjects without the necessary labora-
tory infrastructure or transport framework required for central-
ized testing. As may be anticipated, the rapid assays have a
low diagnostic performance when compared with the ELISA
assays, reflecting the well-known technical differences be-
tween the two methodologies but also possible low antibody
concentrations. The evaluation of six POC tests in a mix of
110 cases of COVID-19, other coronaviruses, other viruses,
and negative controls revealed sensitivities ranging from 80 to
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93% and negative predictive values of 74 to 92% [12]. These
performance estimates were also observed in a meta-analysis
of 17 studies with 1857 participants, with LFIAs exhibiting a
pooled sensitivity of 66.0 (49.3 to 79.3) [13]. In keeping with
other studies, the diagnostic performance of these tests
reflected the duration of the illness with the worst performance
observed in the first two weeks after symptom onset [12].

The role of testing according to ASRM
and ESHRE

After the initial COVID-19 tsunami, and rapid cessation of
routine clinical activity, many providers are now
recommencing fertility care. However, our global professional
bodies, the American Society for Reproductive Medicine
(ASRM) and the European Society of Human Reproduction
and Embryology (ESHRE), have provided discordant
roadmaps for the resumption of clinical services. Despite the
initial similarities for a questionnaire-based triage to identify
infected staff and patients and recommendations for adoption
of the now well-established generic infection control proce-
dures [14–17], these guidelines exhibit little similarity
concerning the deployment of SARS-CoV-2 testing strategies
and their interpretation.

SARS-CoV-2 testing according to ASRM

The ASRM COVID Taskforce in their fourth update (pub-
lished May 11, 2020), with subsequent confirmation in their
fifth update (June 8, 2020), recognized that at present there is

no sufficient information to recommend a specific algorithm
or testing program in reproductive care (https://www.asrm.
org/news-and-publications/covid-19/). Specifically, ASRM
highlights that despite nucleic acid amplification test
(NAAT)–based tests being the cornerstone of diagnostic
testing for SARS-CoV-2, false-negative results can occur with
inadequate sample collection or if the sample is collected early
in the disease course and that the rapid tests which are increas-
ingly being publicized may be less sensitive and specific.
NAAT-based tests should, however, be considered preopera-
tively before reproductive surgery or other aerosol generating
procedures, as part of the wider risk mitigation strategy. For
antibody tests, ASRM recognized the considerable perfor-
mance variability and stressed that the implications for immu-
nity remain unclear. Furthermore, based on current evidence,
antibody testing should not be used for patient or provider
decision-making at this time and should not change adherence
to guidelines for personal protective equipment use. ASRM
conclude their guidance by encouraging its members to stay
up-to-date with available tests and testing strategies as these
continue to evolve.

SARS-CoV-2 testing according to ESHRE

The ESHRE’s recommendations (https://www.eshre.eu/
Home/COVID19WG, published on May 5, 2020) are much
more dependent on serological testing with proposed
pathways incorporating their use for clinical decision-
making (Fig. 1). In this algorithm, the ESHRE task force rec-
ommends that in the situation where either partner develops
symptoms in the two weeks before ovarian stimulation,

Table 2 Strengths and limitations
of antibody testing for diagnosing
SARS-CoV-2

SARS-CoV-2 antibody testing

Strengths Limitations

Possible identification of pauci-symptomatic and re-
covered subjects

Inter-person variability in seroconversion

Good diagnostic performance after 7–10 days from
the onset of symptoms (lower for the rapid assays)

False-negative tests are possible and pose a challenge
particularly due to temporal nature of seroconversion

Easy and safe administration Lack of independent validation of available tests in
immunocompromised populations

Cheap and short time to results Rapid tests have low sensitivity

Possible correlation of antibody titers with the
severity of the syndrome

Scarce information on the persistence of antibodies
after the first infection

Useful for vaccine seroconversion confirmation Very scarce information on the strength and long-term
implication of immunity

Improve the detection of COVID-19 positive rate in
suspected subjects when combined with NAAT

Lack of robust diagnostic accuracy studies

Easy monitoring of healthy close contacts of infected
cases

Limitation in test harmonization and correlation
between different diagnostic methodologies

To verify the immune response in a studied
population

Limited approvals by international leading health
institutions
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SARS-CoV-2 IgM/IgG testing may be used to decide to con-
tinue or postpone treatment, pending a negative or positive
result respectively. Moreover, despite the initial concerns
and a negative antibody test, there are further concerns during
ovarian stimulation, and serological testing and/or NAAT-
based testing may be used again to decide whether to continue
or not with the treatment.

The positions of the two main professional societies for
human reproduction, therefore, appear divergent. While for
ASRM testing for SARS-CoV-2 is currently not part of the
routine workflow of infertility patients, ESHRE considers its
use fundamental. So which approach should we adopt, and
what are the risks associated with an inherent dependence on
a testing algorithm?

Is SARS-CoV-2 testing feasible in an IVF program?

Before we implement routine SARS-CoV-2 testing within our
IVF programs, several critical aspects need to be considered.
These include whether testing within our clinics or by other
testing facilities is viable and achievable. Secondly, whether
results will be available promptly, accepting their known is-
sues with sensitivity, specificity, and temporal nature. Finally,
whether appropriate mitigation measures can be adopted de-
pending on the result. A detailed assessment of all of these
aspects is a prerequisite prior to the adoption of SARS-CoV-2
direct and serological tests into routine IVF care pathways.

The first hurdle for many will be the availability of testing.
In a global pandemic, everyone is experiencing global pres-
sure on supply chains for testing reagents and testing capacity
infrastructure, and consequently, access to testing will differ
between countries and even regions within a country. The fact
that these resources may be managed by the government or
national health service could further reduce individual avail-
ability of testing. Within the authors IVF institutions in Italy
and UK, respectively, NAAT is not available within the IVF

unit, rather SARS-CoV-2 testing is centralized, and symptom-
atic patients would be required to be referred to a community
testing center and the NAAT result available potentially 24 to
48 h later. Serological testing is also subject to restrictions,
with the tests not deployed for routine care of patients in NHS
Scotland, due to the lack of clarity about the implications of a
positive result in isolation [6, 10, 13].

The suggested dependence on the NAAT to help stratify fer-
tility patients does not reflect their potential for false negatives.
Clinical management algorithms of COVID-19 incorporate re-
peat testing of multiple biological sites and management of the
symptomatic patient using conventional pathways that assume
that the patient is infected. Concerning serology, the antibody
tests are not perceived as sufficiently accurate to be incorporated
into diagnostic pathways in isolation or to triage patients with
acute symptoms particularly in the early phases of infection [6,
10, 13]. Furthermore, although initial reports of antibody testing
suggest good specificity, larger studies incorporating individuals
with immunocompromised states or potential cross-reactivity
from alternative coronaviruses or interference due to malignancy
or autoimmune conditions are awaited. On this basis at present,
serological testing is not to be considered useful as a primary
diagnostic test for early acute infection, and rather should be
considered as an effective supplement to NAAT [10].

From a patient’s perspective, the combination of NAAT
and antibody tests is optimal for accurate diagnosis through-
out the broad spectrum of the disease. The NAAT exhibits
very good sensitivity in the first few days after the onset of
symptoms, whereas serological testing will perform poorly. In
contrast, antibody detection will be particularly relevant for
the later stages of infection where the virus has started to be or
has been eliminated. The use of an isolated serological test,
without the NAAT, may only really be relevant from a public
health perspective when assessing overall SARS-CoV-2 ex-
posure to facilitate accurate estimation of asymptomatic infec-
tions and provide an estimate of the real case count.
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Conclusion

The management of potentially infected SARS-CoV-2 infer-
tility patients irrespective of where they are in the treatment
pathway should be predicated on caution. Failure to fully ap-
preciate the characteristics and limitations of the diagnostic
tests may lead to disastrous consequences for the patient and
the multidisciplinary team looking after them. The interpreta-
tion of a test for SARS-CoV-2 will depend on a combination
of the accuracy of the test and the estimated risk of COVID-19
before performing the test. A positive test is strongly sugges-
tive of infection due to its high specificity but moderate sen-
sitivity, and the patient can be told with a high degree of
confidence that exposure to the virus had occurred.
Management should then be per local policies regarding pos-
itive cases. In contrast, negative tests need to be interpreted
with caution, and a single negative SARS-CoV-2 test in a
patient with suggestive symptoms should not be relied upon
to exclude COVID-19. In this situation, it would still be safer
for all concerned that the patient is treated as an infected indi-
vidual, and local policies regarding retesting and isolation
followed. With a global pandemic, global scientific collabo-
ration is essential in the development of a robust evidence
base. In our opinion, alignment of advice by both professional
bodies would ensure that irrespective of geographical location
patients and staff receive optimal care with minimal risk.
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