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Abstract: The COVID-19 pandemic had profound negative effects on millions of couples affected by infertility and in need to resort
to assisted reproductive technologies. There is no consensus over the optimal way and moment of screening triage-negative
asymptomatic patients and staff. We present SARS-CoV-2 antibodies’ (IgM, IgG) seroprevalence in 516 triage-negative patients and
30 fertility care providers. The sampling for SARS-CoV-2 serological assays took place from the lockdown release throughout the
second half of 2020 (17.05 - 01.12.2020). It revealed an increased seroprevalence of antibodies that closely followed the local
epidemiology of COVID-19, with the highest rate of seropositivity coincident with the peak of the second wave. From 546 triage-
negative individuals whose blood samples were assessed for SARS-CoV-2 antibodies, 6% yielded positive results. The overall
seroconversion rate was 2.8% for IgG and 5.1% for IgM. In the group with positive IgM, we observed a negative predictive value for
IgM of 98.36% (95% CI: 88.79 — 99.78%), which is clinically meaningful. Serological testing of triage-negative patients up to seven
days prior to the actual fertility procedure might avoid the more expensive and not more sensitive molecular testing currently being
used for patient screening in most fertility units.
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1. Introduction

Almost all of the year 2020 has been consumed by the COVID-19 pandemic that seems to linger well even beyond. By
the end of November 2020, the new respiratory virus (SARS-CoV-2), causing COVID-19, has infected more than 70
million people, and almost 1.7 million lost their lives [1]. Also, at this time, many countries in Europe and across the
world are confronting the second wave of infection, with a record number of cases since the onset of the pandemic and
experiencing a new state of lockdown.

The lockdowns established in an attempt of containing the virus transmission had profound negative effects upon the
public and private healthcare sectors suffering both from directly facing the virus and from the suspension of all ,, non-
essential” medical services, including the provision of care for millions of couples affected by infertility.

Infertility is a pressing medical condition diagnosed in about 15% of the reproductive-aged couples, amounting to 186
million couples globally [2]; most of those affected will prevail in their dream of parenthood with the use of assisted
reproduction technologies (ART), mainly in vitro fertilization (IVF). According to a European mapping done by the
European Society for Human Reproduction and Embryology (ESHRE) for monitoring COVID-19, during the first
lockdown, medically assisted reproduction services, and hence treatments for infertile couples, were halted in most
European countries for a mean of seven weeks [3].

All relevant professional bodies [4,5,6] and national authorities [7] issued recommendations on how to conduct fertility
activities both during the lockdown and for safely recommencing clinical practice emphasizing that reproductive
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medicine is essential from a social and demographic point of view for most countries [8] and must go on meeting the
expectations of millions of infertile couples, especially those of , time-sensitive” patients [9]. There were many concerns
regarding the generation of ART pregnancies amid the pandemic: infection prevention in the fertility clinic (for patients,
healthcare workers, gametes, embryos); the higher risk of cycle cancellation due to confirmed active infection; the risk
of vertical transmission and congenital COVID-19; the appropriate screening algorithms to apply for detection of
asymptomatic cases [6,10,11].

Testing for Sars-CoV-2 in the fertility setting

The two main tests used for the confirmation of SARS-CoV-2 infection are the direct viral tests and the serological assays
looking in plasma, serum, or capillary blood for different types of antibodies directed against viral components [12].
Testing for viral RNA (mostly through reverse transcriptase real-time polymerase chain reaction - RT-PCR) is the
standard for confirming active infection in symptomatic individuals, while serological testing is used to compliment
the nucleic acid amplification tests (NAAT), to establish the timeline of the infection and to screen asymptomatic
populations [13,14,15].

Existing recommendations for SARS-CoV-2 screening in the fertility setting issued by the professional societies insist
on triage and symptom-driven testing and are not aligned [16], which is understandable considering the lack of
evidence on best practice [17].

For instance, the two main professional bodies in reproductive medicine — The American Society for Reproductive
Medicine (ASRM) and ESHRE - have divergent views upon incorporating serological testing for staff and patients.
Guidance from ESHRE regarding the provision of safe fertility services during the third phase of the pandemic
emphasizes that more testing is needed given that the tests have become quicker and more available. In areas with a
high risk of infection, asymptomatic patient testing in the fertility unit is recommended consisting in blood sampling
for anti-SARS-CoV-2 IgM and IgG at the beginning of IVF treatment [18,19].
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Figure 1. Screening algorithm proposed by ESHRE. Triage negative - patient or partner asymptomatic; triage potentially positive -
patient or partner with mild or non-specific symptoms; triage positive - patient or partner with specific symptoms and/or a previous
COVID-19 test, OPU, Ovum Pick-up; ET,embryo transfer. (adapted from ESHRE)
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Serological testing is recommended in potential triage-positive patients and at the beginning of ovarian stimulation
depending on the local risk and testing availability.

On the other hand, the ASRM COVID Taskforce states in June that there is not enough evidence to recommend a specific
testing program in reproductive care, stressing the high rate of false-negative NAAT tests and on the difficulty of
interpreting serological results [20].

2. Materials and Methods
2.1. Study design and population

We performed a prospective longitudinal unicentric study with a duration of 6 months. We aimed to report the
serological status for SARS-CoV-2 IgM and IgG antibodies in asymptomatic patients and staff overtime and investigate
the relationship between positive serology and molecular test results.
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We included 516 triage-negative patients attending a private fertility unit and undergoing specific fertility procedures
(ovum pick-up - OPU, frozen embryo transfer - FET, surgical sperm extraction). We also collected data on the antibody
status of 30 healthcare workers (HCWs) providing reproductive care in the center (clinicians, embryologists, nurses).
We analyzed 705 serological tests sampled between the 17th of May 2020 (the first working day after lockdown release)
up to the 1st of December 2020 to assess the seropositivity rates.

Patients and HCWs that exhibited a positive IgM or IgG result underwent molecular testing as a critical step of decision
making regarding whether to proceed or discontinue treatment, to isolate the asymptomatic positive HCW and perform
contact tracing.

All those who had a positive serological or molecular test result were followed up for a period of three weeks to assess
for the development of COVID-19 symptoms.

2.2. Ethical considerations

This study was undertaken according to the Declaration of Helsinki. No personal data that could identify any peson is
included. Informed consent was signed by all the subjects before being included in the study.

Approval from the Ethical Committee of Columna Medical Center (CMC-1330-15052020) was obtained before the
initiation of sampling and data collection.

2.3. Serological tests for SARS-CoV-2

The blood samples needed for the immunological assays were obtained voluntarily through venipuncture during one
of the regular monitoring visits to the clinic, up to seven days, but no later than three days before the actual procedure
to allow time for PCR if needed, according to the serological results. (See Figure 2) HCWs that were at work (triage-
negative) were tested as part of the internal protocol for risk mitigation.

IgM and IgG antibodies against SARS-CoV-2 in serum samples were tested using a capture chemiluminescence
immunoassay (CLIA) kit (LIAISON® SARS-CoV-2 51/52 IgG and LIAISON® SARS-CoV-2 IgM).

The CLIA technique is similar to the more popular enzyme-linked immunosorbent assay (ELISA) except for the specific
enzyme-catalyzed substrate used, translating into a change in luminescence (rather than color) in the CLIA assays. CLIA
is fully automated with a quick turnaround of results (a few hours) and seems to exhibit higher sensitivity than ELISA
[21].

According to the manufacturer, the clinical sensitivity for the IgM assay used in this study is 91.5% (80.1% - 96.6%) for
days 8-14 and 94% (88.1% - 97.1%) for days 15-30 after the infection; the specificity is 99.3% (2473, CI 95%: 98.9%).

For the S1/52 IgG assay the clinical sensitivity is 90.7% (82.0% - 95.4%) for samples tested 5-15 days after infection and
97.9% (89.1% - 99.6%) later than 15 days; the specificity is also high: 98.6% (CI 95%: 97.7% — 99.1%).[5.%1’]

The combined assays offer a clinical sensitivity of 69.5% (60.2% - 77.5%) when testing is undertaken in the first seven
days post-infection and mounts to 98.3% (93.9% - 99.5%) for days 15-30.
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Figure 2. Algorithm used in the study for SARS-CoV-2 testing in asymptomatic patients undergoing fertility procedures.
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2.4. Statistical analysis

We performed statistical analysis and graphs using Analyze IT 5.5 (Microsoft Office Excel Add-on, Leeds, UK). The
data had a non-gaussian distribution and were presented as the median and the interval between the quartiles. The
differences in quantitative parameters were tested using nonparametric tests. Qualitative data were compared with the
chi-square test. We considered statistical significance at a p-value lower than 0.05.

3. Results

We included in the study only triage-negative patients undergoing fertility procedures (some under mild sedation) and
asymptomatic fertility care providers that were at work during the study period.

The median age of the individuals included in the study was 35 years [quartiles 32;40]. Out of the 546 triage-negative
individuals whose blood samples were assessed for SARS-CoV-2 antibodies, 6% yielded positive IgM or IgG results.
The overall seroconversion rate was 2.8 % for IgG and 5.1% for IgM. The mean IgM titer was 3.63 AU/ml, and the mean
IgG titer was 30.2 AU/ml. (See Table 1)

Table 1 - Structure and characteristics of the study population

N =546

Parameter Distribution
Healthcare worker (%) 30 (5.5)
Females (%) 421 (77.1)
Age (years) 35 [32; 40]
Total tests performed 705

Positive IgM (%) 36 (5.1)

IgM titer (AU/ ml) 3.63 [1.2; 8.27]
Positive IgG (%) 20 (2.8)

IgG titer (AU/ ml) 30.2 [13.56; 56.23]
Both IgM and IgG positive (%) 14 (2)

IgM or IgG positive (%) 42 (6)

PCR positive (%) (n=42) 15 (34.9)

The temporal evolution of IgM and IgG seroprevalence in the infertile population closely followed the local pandemic
pattern, with the highest rate of seropositivity in November, coincident with the peak of the second wave [22]. (See
Figure 3)
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Figure 3. Monthly seroprevalence of SARS-CoV-2 antibodies in 546 triage-negative patients and HCWs (17 May - 1 December).
Seroprevalence rates closely follow the local epidemiology of COVID-19.

As per protocol, we performed PCR tests on all individuals that tested positive for either IgM or IgG. We observed a
negative predictive value for IgM of 98.36% (95% CI: 88.79 — 99.78%), with only one patient had negative IgM but tested
positive on RT-PCR result. (see Table 2)

Table 2. Negative predictive value for IgM

IgM PCR Total
Positive Negative

Positive 14 22 36

Negative 1 6 7

Total 15 28 43

Regarding the HCW group, the seroprevalence of antibodies is markedly increased as compared to the patient
population (22.6% vs. 5.2%), observation with high statistical significance. (See Table 3)

Table 3. Cohort characteristics by healthcare worker status
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Parameter Healthcare worker Univariate p value
analysis

Yes (n=30) No (n=516) OR  95% CI
Total tests performed 31 674 NA - NA
Females (%) 29 (93.5) 529 (78.5) 0.25  0.06-0.96 0.043
Age (years) 35[31;425] 35[32;40] NA - 0.714
Positive IgM (%) 5 (16.1) 31 (4.6) 3.98  1.48-10.77 0.004
Positive IgG (%) 6 (19.4) 14 (2.1) 11.31  4.14-31.09 <0.001
Both IgM and IgG positive (%) 4 (12.9) 10 (1.5) 9.83  3.06-31-84 <0.001
IgM or IgG positive (%) 7 (22.6) 35(5.2) 535  2.19-12.95 <0.001
PCR (n=43) N=8 N=35 NA - NA
PCR positive (%) 3(34.3) 12 (37.5) NA - 0.86

4. Discussion

There is no general agreement over COVID-19 testing in the fertility clinic: which type of test is the most cost-effective
for screening asymptomatic, triage-negative patients, when to apply the test and whether to go for universal testing.
Existing recommendations unanimously advise that only triage-negative patients are to be allowed in the clinic but
remain rather vague regarding testing policies, advising that these should closely follow local recommendations and
the temporal evolution of the pandemic in the area [5,6].

In the real-life clinical practice, the triage-negative patients that commence IVF treatment are usually screened with an
RT-PCR test a few days before OPU or FET. This strategy seems to be even more costly when considering the imperfect
accuracy of molecular testing [12,23]; it also associates sampling-induced discomfort and, often, the need to travel for
testing outside the IVF clinic.

During past months, improved knowledge has been acquired regarding the behavior of different types of SARS-CoV-2
antibodies; their kinetics and waning in different subgroups of COVID-19 patients, including asymptomatic and mild
symptomatic ones, have been better characterized.

The importance of detecting and isolating asymptomatic and pre-symptomatic individuals - ,, the hidden drivers of the
pandemic “- was shown to be paramount for controlling the virus spread and for a safe medical practice [24].

Proportion of asymptomatic fertility patients infected with SARS-CoV-2

Fertility patients are typically younger, in their reproductive years, and in good health. Thus, they might be more prone
to develop asymptomatic or mild forms of COVID-19. The reported proportion of asymptomatic individuals infected
with SARS-CoV-2 in the general population vary widely [25], but it is established that the younger age correlates
strongly with asymptomatic and mild infections [24,26]. As antibodies show up as early as 2-4 days after symptom onset
[27], serological testing increases detection rates in swab negative and asymptomatic patients allowing at the same time
a more refined diagnosis of the infection status, thus influencing important clinical decisions (i.e., proceed/ postpone/
cancel).

A cohort study of 4,259 asymptomatic women undergoing IVF in Israel evaluated universal patient screening with
nasopharyngeal swabs and a quantitative polymerase-chain-reaction test (RT-PCR) to detect SARS-CoV-2 infection.
The study found that between May and mid-July 2020, one in 200 asymptomatic women starting an ART treatment
cycle was positive for SARS-CoV-2, a number approximately ten times lower than the current rate among women
screened in Israel due to symptoms or known exposure. The authors recognize the benefit of universal testing in
ensuring a COVID-free environment for staff and patients but emphasize the medico economic aspects of increased
molecular screening [28].

A Spanish study revealed a 3.6% and a 0.7% seroconversion rate for IgG and IgM, respectively, in a population of 1500
triage-negative women undergoing ART sampled in May 2020 at the beginning of their treatment. Of the women
selected to proceed based on the serological results (IgG+/IgM- or IgG-/IgM-), only one had a positive PCR result when
tested just before ovum pick-up-probably a patient in the early stage of asymptomatic infection. Assuming universal
triage of patients, the study questions the cost-effectiveness of serological testing at the beginning of treatment when
RT-PCR is routinely performed before OPU, moreover in a low incidence area. Still, the authors outline that sampling
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for IgM decreases the risk of canceling the cycle, a psychologically distressing, and potentially serious complication,
while a positive IgG avoids repeating RT-PCR [29].

In our cohort of 516 patients with infertility, the seroconversion rate for IgG was 2.8% (n=20) and for IgM was 5.1%
(n=36), reflecting the surging rate of infections reported in the area during the study period [26,30]. IgG antibodies’
very low seroprevalence recorded immediately after lockdown release is steadily increasing in asymptomatic patients
so that it doubles by the end of the autumn. (See Figure 3)

NPV for IgM

We observed a NPV for IgM of 98.36%. This is clinically relevant because it informs treatment path and limits
expensive and uncomfortable swab testing one day before OPU.

Seroprevalence of health care workers

In the subgroup of fertility care providers, the seroprevalence of both SARS-CoV-2 antibodies was significantly higher
than the patient group, reflecting the occupational risk. This result is also consistent with the locally reported high
infection rates among healthcare providers (1 in 62 confirmed cases) [30].

Knowledge on the serological status of HCW could help stratify workforces and exclude them from further testing or
urgent vaccination as humoral immunity seems to be lasting more than six months [31].

The first study addressing SARS-CoV-2 antibodies seroprevalence in HCWSs that were at work in a large trust hospital
in UK (n=554, sampled in late April 2020) demonstrated asymptomatic infection and seroconversion among HCWs,
with a lower magnitude of response than those with prior symptomatic disease.

In this study, a 2.39% prevalence of PCR-detected infection and an overall seroconversion rate of 24.4% confirms that
molecular testing underestimates true infection rates [32].

A retrospective study on 1407 HCWs in a large teaching hospital in Wuhan, China, who were screened for COVID-19
by chest computed tomography (CT) scans and NAAT tests revealed a 4.6% asymptomatic infections; when both
serological testing and NAAT tests were combined, the rate of asymptomatic infections was 9.7% (88/908). There was
no significant difference in viral shedding between symptomatic mild/moderate participants and asymptomatic
infections [33].

Results of seroconversion of HCWs in our cohort support the regular serological screening of staff in moderate/high-
risk areas (every 3-4 months); this approach might prove more informative and cost-effective than punctiform PCR
tests.

One must consider the pandemic context of the area in which the study was performed. After the lockdown was lifted
on the 15th of May, the number of cases started to increase and surged in November [30], consistent with the increasing
seroprevalence in the present study. In circumstances of high-risk areas, screening at least for IgM during treatment
might isolate the proportion of asymptomatic patients, especially those with a false negative PCR.

From a practical point of view, serological testing for IgG and IgM antibodies is cheaper and higher throughput than
molecular testing and can be achieved from the same blood sample that the patients give for the usual hormonal work-
up incumbent by the ART procedure.

Proposed testing algorithm for triage-negative fertility patients

We propose a testing algorithm for triage-negative patients, based on a single serological evaluation 5-7 days before
the ART procedure followed by molecular testing only in those with an IgM+ or IgM+/IgG+ status. The antibodies
workup should be done from the same blood sample that the patient donates for the hormonal assays required by the
controlled ovarian stimulation treatments. This strategy would reduce the costs entailed by molecular testing and
doesn’t require special sampling facilities so that testing can be easily done at the IVF clinic.

We must emphasize that, at least for the moment, documented immunity in asymptomatic patients or HCWs should
not preclude the use of personal protective equipment (PPE) or social distancing.

We admit as limitations of the study the lack of PCR results in all seronegative patients, alongside the geographical
restriction. We underline as study strengths the focused sampled population (triage-negative infertile patients
undergoing assisted reproduction treatments in one center) and the number of individuals tested next to the proposed
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clinical decision tree.

The study provides information on seroconversion rates in asymptomatic patients and staff over the second half of 2020
and proposes a serological approach to screening in order to minimize the overall burden that COVID-19 inflicts on the
treated couples.

5. Conclusions

A small yet relevant proportion of triage-negative, asymptomatic patients with COVID-19 are attending fertility
service and risk to go undetected unless proper testing is applied. In our cohort of asymptomatic patients, we found a
5.1% and 2.8% seroconversion rate for IgM and IgG, respectively.

We observed that a negative serological result for IgM had 98.36% predictive value for infirmation of infection by
molecular testing, supporting the use of antibodies sampled during ART treatment.

Seroprevalence of SARS-CoV-2 antibodies was markedly increased in HCWs (22.4% vs. 52% in the patient
population), encouraging regular serological testing of staff, which might be more informative than punctiform PCR
tests.

Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Figure 1: Screening algorithm proposed
by ESHRE. Figure 2. Algorithm used in the study for SARS-CoV-2 testing in asymptomatic patients undergoing fertility procedures
Figure 3. Monthly seroprevalence of SARS-CoV-2 antibodies in 546 triage-negative patients and HCWs (17 May - 1 December).
Table 1. — Study participant structure and characteristics, Table 2: Negative predictive value of IgM Table 3.
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