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Abstract
Purpose Clinical pregnancy rate after IVF with eSET stagnates between 30 and 40%. In order to increase pregnancy and live
birth rates, multiple embryo transfer is still common practice. Providing additional non-invasive tools to choose the competent
embryo for transfer could avoid multiple pregnancy and improve time to pregnancy. Cumulus mRNA analysis with quanti-
tative PCR (QPCR) is a non-invasive approach. However, so far, no gene sets have been validated in prospective interven-
tional studies.
Methods A prospective interventional single-center pilot study with two matched controls (day-3 and day-5 eSET) was
performed in 96 patients consenting to the analysis of the cumulus-corona of their oocytes. All patients were super-
ovulated for ICSI and eSET at day 3. All oocytes were denuded individually and cumulus was analyzed by quantitative
PCR using three predictive genes (EFNB2, SASH1, CAMK1D) and two housekeeping genes (UBC and β2M). Patients (n =
62) with 2 or more day-3 embryos (good or excellent morphology) had their embryo chosen following the normalized
expression of the genes.
Results Corona testing significantly increased the clinical pregnancy and live births rates (63% and 55%) compared to single
embryo transfer (eSET) on day 3 (27% and 23%: p < 0.001) and day 5 (43% and 39%: p = 0.022 and p = 0.050) fresh transfer
cycle controls with morphology-only selection. Time-to-pregnancy was significantly reduced, regardless of the number of good-
quality embryos available on day 3.
Conclusion Combining standardmorphology scoring and cumulus/corona gene expression analysis increases day-3 eSET results
and significantly reduces the time to pregnancy.
Trial registration number This is not an RCT study and was only registered by the ethical committee of the University Hospital
UZBRUSSEL of the Vrije Universiteit Brussel VUB (BUN: 143201318000).
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Introduction

Embryo selection in ART is still largely based on morpholog-
ical criteria, although large prospective studies indicate that
selection of embryos based on morphology remains a subop-
timal approach [1, 2]. The recent shift from cleavage-stage
embryo to blastocyst transfer improved significantly live birth
rates [3, 4], as has the transfer of multiple cleavage-stage em-
bryos on day 3 or blastocysts on day 5. The latter strategy
enhances the incidence of multiple pregnancy and its associ-
ated risk of neonatal and maternal complications [5, 6].
Optimizing the embryo selection procedure should allow
ART practitioners to choose the embryo with the highest
chance of live birth and to reduce multiple embryo transfer
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and costs associated with multiple births for both care pro-
viders and parents.

In order to increase the efficiency of IVF/ICSI, several
minimally invasive embryo selection approaches were devel-
oped, including assays to measure specific proteins [7] or cell-
free DNA [8] in follicular fluids, gene expression analysis in
the cumulus cells [9], microRNA analysis in spent blastocyst
culture media [10], or time-lapse video monitoring of embryo
development during incubation [11, 12]. Although some stud-
ies initially reported promising results, there is still no evi-
dence from prospective interventional trials of their added
value when compared to routine morphology assessment
(e.g., for time lapse [13]).

It is well known that with increasing age of the patient, a
significant fraction of the morphologically normal embryos
chosen for transfer are aneuploid and have lower develop-
mental potential [14]. Such aneuploid embryos most often
lead to miscarriages. For this reason, aneuploidy screening
has been introduced in the ART clinic to avoid transfer and
gestation of an abnormal embryo. In order to identify chro-
mosomal aberrations, invasive pre-implantation genetic
screening methods (PGS or PGT-A) based on blastomere
biopsy are used including fluorescence in situ hybridization
(FISH) [15], array CGH [16], genome-wide single-nucleo-
tide polymorphism (SNP) analysis [17], and NGS [18].
Blastomere biopsy is gradually being replaced by
trophectoderm biopsy, and blastocoelic fluid analysis was
proposed [19]. A beneficial effect of PGS after blastomere
or trophectoderm biopsy on live birth rates has been dem-
onstrated in three smaller randomized clinical studies [14,
16, 20] and two retrospective studies [21, 22]. A large mul-
ticenter prospective randomized European study (ESTEEM)
with 400 patients showed that with PGS on polar bodies
there was no difference in the live birth rates in the experi-
mental arm with PGT-A analysis versus the control arm
without PGT-A [23]. This contradicted results of some ret-
rospective studies.

In addition, PGS is invasive [24], expensive, and can only
be performed in specialized laboratories. Embryos need to be
cultured until day 5 or 6 and embryo vitrification is an essen-
tial part of the process. The effect of mosaicisms in the
trophectoderm of embryos adds another complexity to PGS
[18, 25]. In addition, in some countries, PGS is not allowed by
law. Hence, the search for a non-invasive and cost-effective
method to test embryonic developmental competence is still
ongoing.

Analysis of the cumulus cells (CC) which are tightly inter-
connected with the oocyte until after ovulation [26, 27] con-
stitutes a suitable non-invasive alternative. CC are dispensable
shortly after the cumulus-oocyte complex is retrieved and the
analysis of CC is therefore non-invasive. The expression of
multiple oocyte competence markers in CC can be analyzed
with micro arrays or QPCR, two well-established, sensitive

molecular techniques, applicable in the routine clinical diag-
nostic laboratory.

Multiple gene sets were proposed as predictive biomarkers
for oocyte competence and successful embryo development or
implantation (for review [28]). However, the proposed
Boocyte quality^ genes in CC differed between studies and
so far, no prospective clinical study demonstrated that CC
analysis can result in improved selection of the embryo to
transfer compared to routine morphological analysis. In two
retrospective studies, we reported that expression analysis of
ephrin-B2 (EFNB2), SAM and SH3 domain–containing pro-
tein 1(SASH1) and calcium/calmodulin-dependent protein ki-
nase ID (CAMK1D) in cumulus can be used to select a single
embryo out of the morphologically chosen suitable embryos
for transfer [29, 30]. EFNB2, SASH1, and CAMK1D have
been related to cell expansion [31], the Toll-like receptor 4
pathway [32], and the calcium pathway, respectively.

Here, we report the results of a prospective clinical study
using the expression data of EFNB2, SASH1, and CAMK1D
and two control (normalization) genes in CC. The gene ex-
pression test of these five genes was termed the Corona Test
because proximal cumulus cells were used (and not the more
distal dissected CC or free-floating granulosa cells). The pri-
mary endpoints of the study were clinical pregnancy and live
birth rates in the fresh single embryo transfer or in the consec-
utive vitrified/thawed transfer cycles. Results in the experi-
mental study arm were compared to routine clinical practice:
eSET on day 3 and eSET on day 5 (two control arms). The
efficiency of the Corona Test was analyzed in relation to pa-
tient age and number of available good-quality embryos
(GQE), two major determinants of live birth after ART
treatment.

Materials and methods

Study design

This was an assessor blinded prospective interventional study
with matched controls, that comprised one experimental and
two control arms. For the patients included in the experimental
arm, the Corona Test result complemented the decision (on
which embryo to transfer) resulting from routine morpholog-
ical embryo grading (described in detail below). On day 3,
after ICSI, a single cleavage-stage embryo with the highest
Corona Test rank out of the group of morphologically good-
quality embryos was transferred. The Corona Test assessment
was performed evaluator-blinded. Supernumerary embryos of
good quality were vitrified and transferred in accordance with
the Corona Test rank in consecutive embryo transfer cycles.

The effectiveness of using the Corona Test on top of mor-
phology evaluation was compared to routine practice. Each
Corona Test patient with > 2 GQE on day 3 was matched with
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2 control patients undergoing in vitro fertilization with ICSI
with elective embryo selection only based on morphological
embryo grading. In one control arm, the embryo transfer oc-
curred on day 3 and in the other control arm on day 5. Routine
patients with only 2 GQE always have embryo transfer on day
3; therefore, Corona Test patients with only 2 GQE were only
matched with day-3 controls.

The patients for matching were provided by the data man-
ager who was blinded to the treatment outcome. The matched
control patients had to comply with the following criteria: (1)
fitting the inclusion and exclusion criteria of the tested patients
(see below), (2) being in same age category: ≤ 30 or 31–
38 years, (3) having the same or similar number of GQE
available on day 3 (2, 3–4, 5–6 or > 6), and (4) among patients
meeting the first 3 criteria being closest in time of oocyte pick-
up (OPU) to the Corona Test patient. The decision to match
each patient with sufficient GQEs with dual controls was jus-
tified by the expected higher live birth rates after blastocyst
transfer compared to cleavage-stage transfers.

Clinical pregnancy rate was defined as the ultrasonograph-
ic visualization of a fetal sac at week 7 or later [33] with
normal fetal heartbeat. All patients were followed up during
gestation and contacted by a study nurse after the planned
delivery date.

Patient population

This study was approved by the Ethics Committee of the
University Hospital of the Vrije Universiteit Brussel (BUN:
143201318000). All patients signed an informed consent. The
patient enrolment flow is described in Fig. 1. This study in-
cluded ICSI (intracytoplasmic sperm injection) patients which
were between 22 and 38 years old, with a first or second IVF/
ICSI treatment cycle who underwent single embryo transfer
(SET) on day 3 after oocyte pick-up (OPU) and stimulated
with GnRH antagonist and HP-hMG (Menopur, Ferring
Pharmaceuticals, Copenhagen, Denmark) or a combination
o f HP - hMG a n d r F SH ( E l o n v a , MSD , O s s ,
The Netherlands) with at least 2 final injections of at least
150 units/day of HP-hMG. Exclusion criteria were as follows:
irregular menstrual cycle (< 24 or > 35 days), a BMI < 17 or >
33, smoking > 10 cigarettes per day. Patients with severe en-
dometriosis ≥ III (AFS classification), PCOS (polycystic ova-
ry syndrome; Rotterdam 2003 criteria), known low ovarian
response based on Bologna criteria or an oocyte maturation
defect, included in any other study, scheduled for PGD
(pre-implantation genetic diagnosis), or couples in need
of TESE (testicular sperm extraction), or with severe
oligoasthenoteratozoospermia (OAT) with sperm count be-
low 100.000/ml were excluded from the study.

Altogether, 96 patients were contacted for inclusion in the
study group. Patients with less than two transferable embryos
on day 3 were considered dropouts in view of the absence of a

need for embryo selection. Finally, 62 patients were informa-
tive for the study. They had the additional Corona Test on their
cumulus cells performed and the Corona Test was used to rank
their GQE. The indications for ARTwere comparable for pa-
tients in the experimental arm receiving the Corona Test and
controls patients; these were listed in Supplementary Table 1.

The stimulation scheme and patient ultrasound and blood
monitoring were done according to the standard procedure at
UZ Brussel [34]. As soon as ≥ 3 follicles ≥ 17 mm were pres-
ent, 5000–10,000 IU of hCG (human chorionic gonadotropin,
Pregnyl, MSD, Oss, The Netherlands) was administered and
oocytes were retrieved 36 h later.

Patient characteristics are described in Table 1. Patients that
were not pregnant from the transfer in the fresh cycle had
supernumerary embryos frozen on the day of transfer. At their
request, frozen embryos were warmed and transferred singly
according to the Corona Test rank in a consecutive artificial
cycle [35].

Collection of cumulus cells, ICSI, and culture
and morphological classification of embryos

Cumulus-oocyte complexes (COC) were collected and rinsed
in HTF HEPES buffered medium (Gynotec, Malden,
The Netherlands) and incubated in Sage fertilization medium
(CooperSurgical, Leisegang Medical, Berlin, Germany) or
Sequential Fertilization medium with phenol red (Origio,

Fig. 1 Patient enrolment flow diagram for the Corona Test group. Ninety
patients were contacted for inclusion in the study group, and 62 patients
had the additional Corona Test on their cumulus cells and were
informative for the study. Patients with only one transferable embryos
on day 3 were considered dropouts in view of the absence of a need for
embryo selection. HP-hMG SET d3 refers to the stimulation and transfer
protocol applied, namely a short GnRH antagonist protocol with highly
purified human menopausal gonadotropin stimulation and single embryo
transfer on day 3 after pick-up. GQE, good-quality embryos, are embryos
eligible for transfer, based on the morphologic evaluation as described in
the material and methods section
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Malov, Denmark) until denudation. Shortly before the ICSI
procedure, oocytes were denuded individually by pipetting in
a 80 IU/ml Cumulase (Origio, Malov, Denmark) droplet and
two sequential wash droplets. Metaphase II oocytes were used
for ICSI [36], and CC were snap frozen in liquid nitrogen
immediately after denudation. The most proximal and clean
CC of the COC were collected. These comprise the entire
corona cell population which might differ from the more dis-
tally mechanically biopsied CC or GC. For this reason, the
current test is further referred to as Corona Test. From denu-
dation onwards, the oocytes and embryos were tracked indi-
vidually. Embryo culture for Corona Test and its two matched
controls was performed in the same embryo culture media,
either Quinns Advantage Cleavage and Blastocyst medium
(Cooper Surgical) or Sequential Cleav and Blast medium
(Origio). Embryos underwent routine morphological evalua-
tion. This evaluation comprised the scoring of pronuclei, early
cleavage, and full embryo grading on day 3 and if applicable
day 5 as described earlier [37]. In brief, the embryo evaluation
performed on day 3 resulted in the selection of the embryos
suitable for transfer (=GQE). The parameters included the
blastomere number and size according to the division pattern,
multinucleation, the presence of vacuoles, granularity, or frag-
mentation. Top-quality embryos were considered normal for
all criteria and had at least 7 blastomeres with ≤ 10% fragmen-
tation while good-quality embryos had at least 7 blastomeres,
< 20% fragmentation, or 6 blastomeres with ≤ 10% fragmen-
tation. Matched controls in the day-5 arm had all embryos
grown up to the blastocyst stage and were additionally scored
for morphology on the morning of day 5 [38]; selection of the

best embryo for transfer was based on all observations during
development.

Design of the predictive model and gene selection

The current predictive gene combination is a result of multiple
micro array and QPCR experiments. Potentially interesting
genes were selected based on micro array experiments and
were validated in independent PCR experiments. In each
PCR experiment, the best predictive genes of the previous
study were validated together with potential novel predictive
genes. This iterative validation strategy and using intra-patient
comparisons (CC of patients not pregnant after the fresh trans-
fer but getting pregnant after the frozen SET) led to a model
including two genes EFNB2 and CAMK1D exon 1 [30].
Using the same model building strategy and cumulus samples
of 21 retrospective patients (33 cumulus samples), SASH1
was identified as a highly predictive gene and added to a
model with EFNB2 and CAMK1D exon 1. The new model
contains three genes: EFNB2 and SASH1 were positive cor-
related and CAMK1D exon 1 was negatively correlated with
clinical pregnancy. The predictive power of the model was
assessed by means of a receiver operating characteristic curve
(ROC) analysis. The ROC obtained in the dataset had anAUC
(area under the curve) of 0.8081.

RT-QPCR of cumulus cells

Total RNA extraction and reversed transcription were per-
formed as described before [29] and cDNA was frozen at −

Table 1 Patient characteristics for the Corona Test population and matched control groups

Matched controls Corona Test

Day-13 transfer Day-5 transfer Day-3 transfer

Unit Mean SD n Mean SD n Mean SD n One-way ANOVA

Age Years 32.8 3.5 62 33.7 3.4 44 33.4 2.9 62 ns

BMI kg/m2 24.4 5 62 23.3 5.1 43 23.3 4.5 62 ns

AMH μg/l 2.0 1.4 52 2.6 1.8 36 2.22 1.55 50 ns

Days stimulation n 10.2 1.6 62 10.2 1.5 44 10.4 1.44 62 ns

Total dose stimulation IU 2021.2 632.8 62 1865 637.6 44 1840.7 578.1 62 ns

Serum FSH IU/l 17.3 6.5 51 17.2 6.1 38 16 6.0 51 ns

serum LH IU/l 2.4 2.9 51 2.6 2.6 38 2.8 2.4 51 ns

serum E2 ng/l 1771 764 51 2103 895.5 38 1977 801 51 ns

Serum Progesterone μg/l 0.8 0.4 51 1 0.3 38 0.89 0.25 51 p < 0.05

Number COC at pick-up n 8.2 4.7 62 9.3 5.3 44 8.4 4.3 62 ns

Maturation rate % 84 17 62 85 13 44 88 12.7 62 ns

Fertilization rate % 83 16 62 89 15 44 85 18.3 62 ns

Number GQE day 3 n 4.7 3.4 62 6.1 3.9 44 4.5 2.9 62 p < 0.05

Serum values refer to the concentration measured 2 days prior to oocyte pick-up. AMH anti-Müllerian hormone. COC cumulus-oocyte complexes, E2
estradiol, GQE, good-quality embryos = embryos eligible for transfer, n number of observations, ns not significant
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80 °C until QPCR analysis. Two stably expressed endogenous
control genes, β2M and UBC [29], were analyzed with the 3
specific genes EFNB2, SASH1, and CAMK1D. The mean of
β2M and UBC expression was used as the normalization fac-
tor. All quantitative PCR reactions, standard curves, and neg-
ative controls were performed as described before [30].

Combining cumulus cell gene expression
with morphological evaluation

One day after collection, the expression of specific marker
genes (Supplementary Figure 1) was quantified in the analyt-
ical laboratory (which was blinded for embryo quality) in CC
of normally fertilized oocytes. The Corona Test results for all
fertilized oocytes were communicated to the embryology lab
within 2 days after oocyte retrieval. If on day 3 the patient had
2 or more top or good-quality embryos available according to
the morphologic criteria (see higher), the embryo with the
highest Corona Test rankwas transferred in the fresh treatment
cycle. Supernumerary GQE were vitrified on the day of trans-
fer [35]. Patients with less than 2 good-quality embryos were
not informative for the study as no choice could be made.
These patients were considered as dropout (Fig. 1) and
underwent transfer based on morphology alone.

Statistics

Patient characteristics were compared using an ANOVAwith
subsequent comparisons between groups that were corrected
for simultaneous hypothesis testing according to Tukey.
Kaplan-Meier statistical analysis was performed to calculate
the effect on time-to-pregnancy between the Corona Test pa-
tients and the 2 control groups. A Chi square test was used to
compare the fresh transfer and cumulative clinical pregnancy
rates. The study was powered to demonstrate a significant
difference of 20% of the clinical pregnancy rate—the main
outcome variable of the study—between the experimental
arm (Corona Test group) and the control arms (day-3 and
day-5 groups) with a power of 80%. For assessing secondary
endpoints (the effect of patient age, and number of GQE), Chi
square analysis for pregnancy rates was performed. For all
analyses significance was considered when p < 0.05.

Results

The patient population

Patients for this prospective interventional study were recruit-
ed from October 2013 until May 2016. In total, 96 HP-hMG-
stimulated patients (88 patients received HP-hMG and 8 pa-
tients received HP-hMG and rFSH via a mixed protocol) were
included for the Corona Test group (experimental arm)

(Fig. 1). For 27 patients (28%), only one or no GQE was
available on day 3 which meant there was no choice to be
made. These patients were non-informative and considered
dropouts. From these 27 non-informative patients, 16 patients
had transfer of a good- or top-quality embryo, 4 had only low-
quality embryos available, while 7 had no embryo to transfer.
In this Bdropout^ group (N = 27), only 6 clinical pregnancies
(22%) were recorded.

In addition, for 3 patients (3%), the Corona Test was not
informative as there were too few cumulus cells to detect one
of the endogenous controls (β2M and UBC). For 4 patients
(4%), the Corona Test results were unintentionally not taken
into account at embryo transfer and these patients were thus
considered non-informative.

Finally, 62 patients in the experimental arm which
had more than 2 GQE and Corona Test results were
available for final analysis (Fig. 1). All 62 informative
Corona Test patients of the experimental arm were
matched with routine patients with day-3 SET transfer
(day-3 control arm, n = 62) and one with routine pa-
tients with day-5 SET transfer (day-5 control arm, n =
44). In both control groups, embryo selection was based
on morphology only. The three groups (Corona Test
group and the two control groups) were compared for
clinical features, stimulation characteristics, and general
performance after ICSI (Table 1). As per routine strate-
gy in the ART clinic, patients with only 2 GQE on day
3 will always have transfer on day 3. The inherent
absence of this subgroup of patients in the day-5 control
group can explain the slightly higher serum estradiol
(p > 0.05), progesterone (p < 0.05), mean number of oo-
cytes at pick-up (p > 0.05), and the higher mean number
of GQE available on day 3 (p < 0.05) in the control
day-5 transfer patients compared to the 2 day-3 transfer
groups.

Corona Test effect in the fresh single embryo transfer

The clinical pregnancy rate after fresh transfer was significant-
ly higher in the Corona Test group (63%, n = 62) when com-
pared to the matched controls with day-3 transfer (27%, n =
62, p < 0.001) or day-5 transfer (43%, n = 44, p = 0.022), re-
spectively (Fig. 2).

In the experimental arm (Corona Test group), a total of 39
clinical pregnancies were observed in the fresh transfer cycle.
For all of these patients, the transfer date was at least 9 months
ago: 34 healthy singletons were born, two patients had an
extra-uterine pregnancy, and three patients miscarried. This
results in a 55% live birth rate for the patients in the experi-
mental arm. For the day-3 and day-5 control arms, live birth
rates were 23% (p < 0.001) and 39% (p = 0.050), respectively.
Miscarriage rates after week 7 were not statistically different
in the 3 groups.
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Effect of Corona Test on cumulative pregnancy rate

Since the CC of all fertilized oocytes were analyzed, outcome
data for the embryos which were transferred in the subsequent
cryo-thaw cycles was also available. Cumulative clinical preg-
nancy rates were calculated for all patients who either became
pregnant (from a fresh or a frozen embryo) or had all their
embryos transferred one by one as of today. For the experi-
mental arm (Corona Test group), this applied to the first 50
patients with a fresh transfer for whom information from 26
frozen embryo transfers could be added. For the day-3 and
day-5 matched control groups, 66 and 37 frozen transfers
could be added to the 50 and 34 fresh transfers for the cumu-
lative pregnancy analysis, respectively. In the matched control
groups, 93% of non-pregnant patients had used all their avail-
able embryos; only two day-3 and two day-5 patients have still
embryos cryopreserved.

For the 50 patients in the experimental arm (Corona Test
group), the cumulative clinical pregnancy rate reached 78%
which was significantly higher than for the matched day-3
control group (56%, p = 0. 010) (Fig. 3). Comparison with

the day-5 control, 65% revealed a similar trend (p = 0.089).
Even if the two day-3 matched control patients with remaining
vitrified embryos would become pregnant, the cumulative
pregnancy rate would remain inferior to the Corona Test pa-
tients (60%, p = 0.026).

Effect of Corona Test on time to pregnancy

A Kaplan-Meier statistical analysis (Fig. 4) was performed on
the Corona Test patients (n = 50, those patients who became
pregnant either from the fresh or frozen embryo transfer and
those that had all their transferrable embryos replaced) com-
pared to the matched controls (n = 50 for day-3 and n = 34 for
day-5 transfer). A significantly shorter time-to-pregnancy was
observed in the experimental arm (Corona Test group), com-
pared to the control groups with day-3 and day-5 transfers,
(Table 2). This analysis took into consideration the number of

Fig. 2 Clinical pregnancy and live birth after fresh transfer. Graph
depicting the clinical pregnancy (light color), and live birth rates (dark
color) obtained in the 3 groups after fresh transfer: day 3 transfer based on
embryo morphology and the Corona Test (green bars), and control
patients with only morphology-based embryo selection for transfer on
day 3 (blue bars) and day 5 after pick-up (red bars). Numbers in the bars
are the % clinical pregnancies or live birth respectively. Comparisons
were performed using the Chi square analysis between the experimental
group and the 2 specific control groups and different letters indicate a
statistical difference with p < 0.05

Fig. 3 Cumulative clinical pregnancy rates. Graph depicting the clinical
pregnancy from the fresh transfer and eventual clinical pregnancies
obtained after the sequential frozen embryo transfers in patients which
were not pregnant from the fresh transfer. The 3 groups are day 3 transfer
based on embryo morphology and the Corona Test (green bars), and
control patients with only morphology based embryo selection for
transfer on day 3 (blue bars) and day 5 after pick-up (red bars), the
numbers in the bars are the % clinical pregnancies. Comparisons were
performed using the Chi square analysis between the experimental group
and the 2 specific control groups and different letters indicate a statistical
difference with p < 0.05
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GQE available on day 3. The Kaplan-Meier analysis was sig-
nificant for patients with up to 5 GQE and > 7 GQE. In pa-
tients with > 6 GQE, a positive trend was observed but was
not statistically significant (p = 0.0656). In every category
(> 2GQE to > 8GQE), three more embryo transfer cycles were
needed in both control groups to reach a similar pregnancy
rate compared to the fresh transfer cycle of the patients who
underwent the Corona Test.

Performance of the Corona Test as a function
of the number of good-quality embryos available
on day 3

In Table 3, results of fresh transfers were compared in
relation to the number of available transferable embryos.
In the Corona Test group, the clinical pregnancy rate was
at least 55%, independent of the number of GQE avail-
able. In both controls, the clinical pregnancy rate was for
each category lower than the rate observed in the Corona
Test group. This resulted in significantly higher clinical
pregnancy rates when patients had 2, 3–4, or > 6 GQE on
day 3. The subgroup with 5 or 6 GQE had the lowest
number of patients and showed only a trend at this point
p = 0.097.

Performance of the Corona Test by patient age
in the fresh transfer cycle

Clinical pregnancy rates of Corona Test patients were 65%
and 60% for age groups < 35 years and 35–38 years, respec-
tively (Table 4). Within each age category, pregnancy out-
come was superior in Corona-tested group. The group <
35 years with Corona Test selection on day-3 embryos had a
clinical pregnancy rate of 65%, while the day-3 control had
only 29% (p < 0.01). In the age group 35–38 years, the day-3
control had a 24% clinical pregnancy rate and Corona Test
increased it to 60% (p < 0.05). Compared to day-5 controls,
the Corona Test led to almost a 50% increase in clinical preg-
nancy rates (NS).

Fig. 4 Effect of the implementation of the Corona Test on the time to
pregnancy. Graphs depict the time to pregnancy, expressed by the number
of single embryo transfers required, for the Corona Test patients (n = 50)
compared to control patients without Corona Test (n = 50 + 34
respectively day 3 and day 5 transfer controls) based on the Kaplan-
Meier statistical analysis. This analysis was performed taking into
consideration the number of good-quality embryos (GQE) that was

available on day 3. Detailed results are available in Table 2. As an
example, the graphs depicting the results obtained for the analysis of
patients with > 2 GQE (A, n = 134) and the analysis of patients with > 4
GQE (B, n = 72) are represented here. Three more embryo transfer cycles
were needed in the control group to reach a similar pregnancy rate as in
the fresh transfer cycle of the Corona-tested patients

Table 2 Effect of the Corona Test on time to pregnancy. Based on the
Kaplan-Meier statistical analysis, a significantly shorter time-to-
pregnancy is observed when a Corona Test is utilized, compared to the
control groups with day 3 and day 5 transfers, regardless the number of
good-quality embryos (GQE) that were available on day 3. In every
category (> 2GQE up to > 8GQE), three more embryo transfer cycles
were needed in the control group to reach a similar pregnancy rate as in
Corona Test patients

Minimal number
of GQE on day 3

Embryos
(n)

p value Number of extra transfers
in the day 3 + day 5 control
patients to obtain the same
pregnancy rate as in the fresh
transfer Corona Test group

≥ 2 GQEmbryos 134 < 0.0001 3

≥ 3 GQEmbryos 97 0.0002 3

≥ 4 GQEmbryos 72 0.0009 3

≥ 5 GQEmbryos 49 0.0041 3

≥ 6 GQEmbryos 31 0.0656 3

≥ 7 GQEmbryos 25 0.0021 3

≥ 8 GQEmbryos 14 0.0984 3
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Does Corona Test scoring deviate from standard
morphology–based selection?

In 27% of the patients, the Corona Test and morphology grad-
ing were concordant, leading to a clinical pregnancy rate of
65%. In 26% of the patients, the Corona Test and morpholog-
ical scoring were discordant. The Corona Test’s first choice
was not the best embryo as graded by morphology. For the
remaining 47% of the patients, there was at least one other
embryo available with an equal morphology grade. The
Corona Test helped to distinguish between the morphological-
ly similar embryos of this category.

In summary, in 73% (26%+ 47%) of the cases, the Corona
Test triggered the choice for transfer at day 3, leading to clin-
ical pregnancy rate of 56% and 66%, respectively. This out-
come is significantly higher than when no Corona Test was
implicated in the decision of day-3 eSET (27% clinical preg-
nancy rate).

Discussion

This is the first prospective clinical study evaluating the po-
tential clinical value of cumulus-gene expression testing in
addition to morphology scoring to increase outcome of
eSET. A cumulus-corona testing strategy is non-invasive, per-
formed early in the ICSI procedure, and would therefore

influence options in the workflow of an embryology labora-
tory and influence decisions for the choice of the embryo to
transfer.

For the 62 informative study patients, the Corona Test was
performed prospectively on all cumulus samples from the
normally fertilized oocytes. The embryos were scored by rou-
tine morphology and for the GQE the choice of the single
embryo to transfer was based on the Corona Test result. This
decision order doubled the clinical pregnancy rate from 27 to
63% compared to day-3 morphology-only selection
(p < 0.05). The clinical pregnancy rate increased by nearly
50% from 43 to 63% compared to day-5 morphology-only
selection (p < 0.05, Fig. 2).

The live birth rate for day-3 eSET after Corona Test selec-
tion was significantly higher (55%) than morphology based
on day 3 (23%) or day 5 (39%), respectively. Hence, use of the
Corona Test results in a significantly shorter time-to-
pregnancy (Fig. 4), independent of the number of GQE avail-
able (Table 3). The application of the Corona Test led to an
avoidance of three cryotransfer cycles for the patients (Fig. 4).
The cumulative clinical pregnancy rate of Corona Test pa-
tients was 40% higher (p = 0.01) compared to the day-3 trans-
fer control group. A similar trend was observed in comparison
to the day-5 transfer control group with the Corona Test hav-
ing a 20% higher cumulative pregnancy rate but this did not
reach significance (p = 0.089) (Fig. 3).

The increased efficiency of IVF/ICSI when applying the
Corona Test for day-3 single embryo selection in fresh and
frozen cycles is most likely multifactorial. Typically, about
75% of the fertilized oocytes form a good-quality embryo by
day 3, but only half of them develop to a good-quality blasto-
cyst and are available for transfer on day 5 [39–41].
Additionally, not all embryos will survive the cryopreserva-
tion. For cleavage and blastocyst-stage embryos, warming
survival rates of 94% [35] and 85% [42] were reported.
Subsequently, cleavage and re-expansion after thawing can
be also affected [35, 43]. In cleavage-stage embryos, cleavage
after thawing depends on the cell stage of the embryo and the
cell loss after thawing. The fraction of embryos affected after
vitrification and thawing range from as little as 6% to over

Table 3 Effect of the number of
good-quality embryos available
on day 3. Clinical pregnancies in
fresh transfer cycles in the Corona
Test group and control groups
were compared in relation to the
number of good-quality embryos
(GQE), to choose from on day 3

Clinical pregnancies in the fresh transfer cycle Chi square
comparing
Corona Test
to day 3 +
day 5 controls

# GQE Day 3 control Day 5 control Day 3 Corona Test
(n) (n) (n)

2 22% (4/18) 61% (11/18) p = 0.009

3–4 23% (5/22) 36% (8/22) 55% (12/22) p = 0.024

5–6 40% (4/10) 50% (5/10) 70% (7/10) p = 0.097

>6 33% (4/12) 50% (6/12) 75% (9/12) p = 0.030

Overall 27% (17/62) 43% (19/44) 63% (39/62)

Table 4 Effect of the patient age on the Corona Test in fresh cycle
outcome. The Corona Test patients (n = 62) and the day 3 (n = 62) and
day 5 (n = 44) transfer control group were subdivided based on the
patients’ age. Chi Square test compared Corona Test to Day 3 or Day 5
control group, different letters indicate statistical difference, p < 0.05

Clinical pregnancies in the fresh transfer cycle

Patient age Day 3 control Day 5 control Day 3 Corona Test
(years) (n) (n) (n)

< 35 29%a (12/41) 44%ab (11/25) 65%b (24/37)

35–38 24%a (5/21) 42%ab (8/19) 60%b (15/25)
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50% [35]. Overall, the latter reports recapitulate that extended
culture might inflict invisible damage and vitrification as well.
Cognizant of this, it is currently not possible to exclude that
some embryos competent of giving a baby with a fresh day-3
transfer might survive but have reduced competence inflicted
by vitrification and/or 5-day culture although judged morpho-
logically normal.

Effect of patient age and number of transferable
embryos on the outcome of Corona testing

Female patient’s age and follicular reserve are strong predic-
tors of outcome [44]. Having fewer embryos available for
selection also influences the chance for positive outcome.
For this reason, controls were matched for age and for number
of embryos available. Pregnancy rates between 60 and 65%
were achieved irrespective of age when Corona testing was
done. Similarly, high pregnancy rates between 55 and 75%
were observed irrespective the different numbers of available
GQE.

There are a number of potential limitations of the study.
The current study only reports results in a highly selected
population of patients. Patients and controls were in first or
second IVF treatment cycle and were predicted good re-
sponders to HP-hMG treatment. We and others demonstrated
that HP-hMG and rFSH stimulation resulted in different CC
gene expression levels and patterns in human [45–47]. For this
reason, the patients consented to an antagonist HP-hMG pro-
tocol. Also, only ICSI patients were included to assure a max-
imal amount of cumulus cells for molecular analysis. It re-
mains to be seen if Corona testing also works for conventional
IVF patients, where the total mass of cumulus cannot be re-
moved, but can only be biopsied. This study only included
patients between 22 and 38 years. It is well known that in
patients over 35 years there is a significant increase in chro-
mosomal abnormalities and aneuploidy [48]. The Corona Test
might be of added value for patients of 35 years and older, as it
was observed that transferring euploid embryos in this group
did not increase implantation potential to a similar extent as in
younger age group [16].

Conclusion

This prospective interventional study showed a significant
improvement (doubling) of the clinical pregnancy and live
birth rate in a day-3 eSET policy in the experimental arm
when embryo selection is based on a combination of morpho-
logical scoring and gene expression testing using the Corona
Test of three predictive genes. Control arms were matched for
age and number of available embryos on day 3 and routine
morphology evaluation. The Corona Test strategy proved also
superior to a day-5 transfer policy with morphology-only

embryo selection. Reduction of the time-to-pregnancy allows
to be more cost-efficient as three cryotransfer cycles can be
avoided. The Corona Test improved the selection capacity for
the best embryo independent of patients’ age and number of
GQE available. The Corona Test is non-invasive, can be easily
implemented in routine practice, and is more objective com-
pared to the current practice of morphological embryo selec-
tion. The Corona Test avoids transfer of multiple embryos and
completely eliminates the risk of multiple pregnancy with its
higher prevalence of neonatal and postnatal clinical complica-
tions. Application of the Corona Test in routine practice will
contribute to a reduction of the emotional stress of infertile
couples in need of IVF and cost savings to patients and health
care providers.
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