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Abstract

Purpose The aim of this study was to evaluate the incidence of an inter-chromosomal effect (ICE) in blastocyst-stage embryos
from carriers of balanced chromosome inversions.

Methods Infertility patients (n = 52) with balanced inversions (n = 66 cycles), and maternal age-matched controls that concur-
rently cycled (n = 66), consented to an IVF cycle with preimplantation genetic testing for aneuploidy (PGT-A). Blastocyst-stage
embryos underwent trophectoderm biopsy for PGT-A with only euploid blastocysts transferred in a subsequent frozen embryo
transfer. Subtypes of inversions were included in aggregate: paracentric/pericentric, polymorphic/non-polymorphic, male/female
carriers, and varying inversion sizes.

Results The incidence of aneuploidy was not significantly higher for the inversion patients compared to the controls (inversion =
48.8% vs. control =47.2% ns). Following euploid blastocyst transfer, there were excellent live birth outcomes.

Conclusions Carriers of balanced chromosome inversions did not exhibit higher aneuploidy rates for chromosomes that were not
involved in the inversion compared to maternal age-matched controls, signifying the absence of an inter-chromosomal effect for
this data set. These results provide the largest investigation of blastocyst embryos regarding the debated existence of an ICE
resulting from the presence of an inversion during meiosis. However, further studies are warranted to investigate an ICE among
inversions subtypes that were outside the scope of this study.

Keywords Inter-chromosomal effect - Balanced inversion carriers - Preimplantation genetic testing-aneuploidy - Structural
chromosome rearrangement

Introduction Heterozygous carriers of balanced chromosome inversions

frequently seek assisted reproductive technologies (ART) with
A frequent indication for preimplantation genetic testing  PGD to achieve a healthy pregnancy as their infertility may be
(PGT) is the presence of a chromosome rearrangement. The  influenced by a high frequency of unbalanced gametes as a

incidence of chromosome rearrangements, including inver-  result of the chromosomal rearrangement.
sions, is approximately 5% higher for couples with infertility An inversion is an intrachromosomal structural rearrange-
that have experienced recurrent IVF failure or recurrent preg-  ment whereby a two-break event occurs, the intercalary seg-

nancy loss than that found in the general population [1, 2].  ment rotates 180 degrees, reinserts, and the breaks unite. The
majority of carriers of chromosomal inversions are phenotyp-
ically normal as the reorientation of the genetic material within
the breakpoints does not appear to influence its function, as-
suming no gain or loss of DNA has occurred. There are a few
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of parents of individuals diagnosed with Williams-Beuren
syndrome, often caused by a 1.5 Mb microdeletion at 7q11,
were found to have an inversion variant present in approxi-
mately 5% of the general population [5].

During meiosis, the method of homosynapsis of ho-
mologous chromosomes for inversion carriers depends
largely on the length of the inversion. Short inversions
may remain unpaired at the site of the inversion to max-
imize synapsis along the remaining lengths of the biva-
lent. Long inverted regions form a hair-pin loop to max-
imize nucleotide homology. The inversion loop configu-
ration aligns all of the homologous regions by twisting
and folding the inverted segment. In cases where the in-
version is very long, synapsis of the inversion with its
non-inverted homolog prevails at the expense of pairing
at the terminal ends of the bivalent; these terminal seg-
ments can remain unpaired. When recombination occurs
within the inverted segment, unbalanced recombinant
chromatids can result in the gametes: duplications/
deletions can occur in pericentric inversion carriers while
dicentric and acentric fragments (involving duplications/
deletions) can result from paracentric inversions.
Furthermore, disruption to bivalent and chiasmata forma-
tion can lead to recombination failure and meiotic arrest
[6, 7]. As a result of these meiotic challenges, individuals
who are heterozygous inversion carriers are at risk of
gamete production failure and/or the production of unbal-
anced gametes which could lead to compromised fertility
[7, 8].

The clinical outcome for inversion carrier patients will
largely depend on the degree of imbalance in the recom-
binant chromosomes. Inversion heterozygotes in which
one or both distal segments are small have a risk for an
ongoing pregnancy or live birth that is chromosomally
unbalanced and phenotypically abnormal. Carriers with
large distal segments can only produce recombinants with
a large degree of genetic imbalance leading to implanta-
tion failure or lethality in utero [9].

It has been described that structural chromosome reor-
ganizations can influence disjunction and segregation of
other chromosome pairs leading to full chromosomal an-
euploidy in the resulting gametes. This phenomenon of
interference during meiosis is referred to as an inter-
chromosomal effect (ICE) and was first described in
1963 [10]. The mechanism for ICE is related to the for-
mation of heterosynapsis in the meiotic configurations of
the chromosome involved in the inversion [8]. It is pos-
tulated that this effect could significantly increase the risk
for numerical chromosomal abnormalities in the gametes
of inversion carriers.

Multiple studies utilizing different approaches have
been used to evaluate the segregation products of inver-
sion carriers. Fluorescence in situ hybridization (FISH)-
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based tests analyzed the segregation outcome of single
sperm from male pericentric, non-polymorphic inversion
carriers. Fluorescent DNA probes labeled with different
fluorochromes were used to differentiate the segregation
products through color-spot patterns. The frequency of
unbalanced spermatozoa ranged from 0 to 37.85%
[11-13]. The studies also concluded that the size of an
inverted segment and its proportion in the entire chromo-
some impacts its pairing ability such that an inversion size
of at least 100 Mbp and 50% of the chromosome is re-
quired to result in a segregation error leading to a recom-
binant chromosome in the mature sperm [3, 7].

Several studies aimed to assess the occurrence of an ICE in
inversion heterozygotes analyzed the frequencies of numerical
abnormalities in sperm nuclei with conflicting results. These
studies utilized FISH technologies to detect aneuploidies in a
handful of chromosomes unrelated to the one containing the
inversion. Chromosomes X and Y were universally used as
they are more susceptible to heterosynapsis due to their sin-
gular characteristics. Autosomes 8, 9, 13, 18, and 21 were also
included in some of these investigations. Two small studies
describe an increase in aneuploid sperm [11, 14] for both a
polymorphic and non-polymorphic inversion carrier, whereas
others were unable to identify ICE with the limited number of
chromosomes analyzed [15-19] A recent review of the liter-
ature only reported ICE in 7.7% of the male inversion carrier
cases analyzed [8]. This corresponded to a single individual
with an inversion in the polymorphic heterochromatic region
of chromosome 9 in a population size of just 13 individuals.
Estimating the effect of inversions on the risk for ICE requires
not only a larger patient population than reported in these
studies but also a PGT platform that is comprehensive and
allows for detection of aneuploidy caused by inversions that
are both maternally and paternally derived.

With technological advances, it is now possible to screen
for all 23 chromosome pairs with PGT. An initial case study,
utilizing the clinical application of PGT-A, reported errors in
multiple chromosomes unrelated to the inverted chromosome
from two pericentric, non-polymorphic heterozygous inver-
sion carriers [20]. However, this study included patients with
a variety of chromosome rearrangements including reciprocal/
Robertsonian translocations and inversions. No conclusion
regarding the existence of an ICE was drawn. To date, there
has been no large study solely focused on inversion carriers
investigating the occurrence of ICE with PGT-A.

The aim of this study was to evaluate the chromosomal
ploidy status in IVF blastocysts from a consecutive series of
66 inversion carrier IVF cycles. It was determined that the
presence of an inversion does not contribute to an inter-
chromosomal effect as the rate of aneuploidy for chromo-
somes not involved in the inversion was not significantly
higher when compared to maternal age-matched controls that
concurrently cycled in the IVF laboratory.
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Methods
In vitro fertilization cycle

Fifty-two inversion carrier patients participated in 66 concur-
rent IVF cycles, without any omissions or exclusions. Fifty
percent of the cycles analyzed in this data set (n = 33) resulted
from male inversion carriers and 50% of the cycles (n=33)
involved female carriers. The control group was maternal age-
matched infertility patients who cycled concurrently with the
inversion group patients in the IVF laboratory for the purpose
of eliminating any potential laboratory variables. The average
maternal age for both groups was 34.6 years.

Ovarian reserve parameters (described by AMH, FSH, and
antral follicle count) were comparable for the two groups.
Standard regimens for controlled ovarian hyperstimulation
were employed using recombinant FSH and LH along with
GnRH agonist or antagonist. Oocyte maturation was stimulat-
ed with recombinant hCG alone or in combination with GnRH
agonist when the leading follicle exceeded 18 mm. Routine
transvaginal ultrasound-guided oocyte aspiration was per-
formed under anesthesia 35 h later. Following oocyte retrieval,
cumulus cells were mechanically and enzymatically removed
prior to fertilization using standard intracytoplasmic sperm
injection procedures. Embryos were routinely cultured in se-
quential media until the blastocyst stage. On day 3 of embry-
onic development, a 5—10-pum channel was opened in the zona
pellucida with a series of five pulses at 200 microseconds each
at 100% power (Hamilton-Thorne Research). At the blasto-
cyst stage, a trophectoderm (TE) biopsy was performed using
laser dissection for PGT-A when an inner cell mass and
blastocele expansion of grade 3 or above (defined by the stan-
dard Gardner and Schoolcraft grading system) was identified.
The biopsied blastocyst was then vitrified using the Cryotop
method, as previously published [21].

The inversion test group produced a total of 410
blastocyst-stage embryos (mean 6.2). The maternal age-
matched control group produced a total of 427 blastocyst-
stage embryos (mean 6.9; ns). Embryo aneuploidy rate
was calculated as the percent of aneuploid embryos per
patient cycle and the existence of an ICE was determined
by comparing the aneuploidy rates between the two study
groups. Data were analyzed by group Student’s ¢ test and
Fisher’s exact test as appropriate with p value of <0.05
considered to be statistically significant. A post hoc power
analysis was performed and there would be a 4.5% differ-
ence in aneuploidy needed for it to be significant.

The chromosomes that contained the balanced inver-
sion included 1, 2, 3, 4, 5, 6, 7, 9, 16, 17, and Y. The
proportions of the inversions ranged from 6.5% to 73.4%
of the chromosome (Table 1). Both paracentric (n =6 cy-
cles) and pericentric (n=60 cycles) inversion carriers
were represented in this data set.

PGT-A and frozen embryo transfer

PGT-A was performed at Reproductive Medicine Associates
of New Jersey using an SNP-based microarray analysis on
biopsied TE cells as previously described [22]. Briefly,
DNA produced using the WGA4 GenomePlex Whole
Genome Amplification Kit (Sigma Aldrich) was then evalu-
ated on the Nspl GeneChip Mapping 262 K microarray as
recommended by the supplier (Affymetrix). Copy number as-
signments were made using the CNAT 4.0 algorithm
(Affymetrix) to assign aneuploidy status to each embryo.

Only blastocysts that were identified as euploid or balanced
were subsequently transferred after management of routine
endometrial preparation and luteal support. Embryo transfer
was performed 3 to 4 h after blastocyst warming under ultra-
sound guidance using standard techniques. The number of
embryos selected for transfer was based on guidelines set forth
by the American Society for Reproductive Medicine.

Pregnancy was confirmed at 9 days post embryo transfer
by the appropriate bhCG rise and then by ultrasound at
6.5 weeks gestation when a fetal heart rate was observed.
Implantation rate was defined as the number of intrauterine
gestational sacs with cardiac activity noted on ultrasound ex-
amination per number of embryos transferred.

Results

PGT-A data

Inversions defined by the cytogenetic report as polymorphic
or non-polymorphic were also identified, however, no differ-
ence in ICE was observed in the polymorphic vs. non-
polymorphic data set: 48% aneuploidy rate in cycles from
polymorphic inversion carriers (n =51 cycles) versus 52% in
the non-polymorphic group (n = 15 cycles) (ns). Additionally,
no difference was noted in ICE risk for inv(9)(p11q13) car-
riers specifically compared to age-matched controls, both with
a 48% aneuploidy rate (n=37 cycles) (ns) (Table 2). The
inversion group had an equivalent rate of aneuploidy com-
pared to the maternal age-matched control group when ex-
cluding the chromosome with the inversion for the purpose
of evaluating for ICE. The aneuploidy rate of the inversion
group was 48.8% (+34.3) and that of the control group was
47.2% (+28.3) (ns). The aneuploidy rate per inversion varied;
however, small sample size limited clinically significant data
with the exception of the common inversion 9 (Table 3).

The nature of the chromosome aneuploidies detected in
both groups included all autosomes. When excluding for the
chromosome with the inversion, and with the exception of
chromosome Y, every other chromosome was represented in
an aneuploid state at least once in the 66 total cycles (Table 3).
The frequency of aneuploidies seen in this data is consistent
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Table 1 Inversion patient

cytogenetic data Karyotype Inv seg. size Chr. size % inverted nof Cycles
(Mbp) (Mbp) seg* patients
46,XY,inv(1)(p22.1p34.1) 452 249.25 18.1 1 2
46,XX.,inv(1)(q25q42) 51.2 249.25 21.0 1 2
46,XX,inv(2)(p11.2q13) 31.1 243.19 13.0 1 1
46,XY,inv(3)(p21.3p26) 36.4 198.02 18.0 1 2
46,XY,inv(3)(p11.2q12.1) 12.8 198.02 6.5 1 1
46,XX,inv(3)(p11.2q12.1) 12.8 198.02 6.5 1 2
46,XY,inv(3)(p21.31q13.32)  74.8 198.02 37.8 1 1
46,XY,inv(4)(p15.1q12) 31.8 191.15 16.6 1 1
46,XX,inv(5)(p13.1q13.3) 344 180.91 19.0 1 1
46,XY,inv(5)(p15.3q14) 82.5 180.91 45.6 1 1
46,XY,inv(6)(p23923.3) 125.6 171.11 734 1 1
46,XY,inv(7)(p13q21.12) 42.8 159.14 27.0 1 1
46,XY,inv(9)(pl1ql2) 16.9 141.21 12.0 1 1
46,XX,inv(9)(pl1ql2) 16.9 141.21 12.0 1 1
46,XY,inv(9)(pl1q13) 19.1 141.21 14.0 11 15
46,XX,inv(9)(pl1ql3) 19.1 141.21 14.0 17 22
46,XY,inv(9)(p12q13) 25.1 141.21 18.0 3 4
46,XX,inv(9)(p12q13) 25.1 141.21 18.0 2 2
46,XX,inv(9)(p22q31.2) 914 141.21 65.0 1 1
46,XX,inv(16)(p11.1q11.2) 12.4 90.35 13.7 1 1
46,XX,inv(16)(q23.1q24.3) 16.25 90.35 18.0 1 1
46,XY,inv(17)(p13.1q11.2) 21.1 81.19 26.0 1 1
46,XY,inv(Y)(p11.2q11.22) 16.8 59.37 283 1 1

Inversion segment size, megabase pair; chromosome size, megabase pair

*Calculations for percentage of chromosome inverted derived using UCSC Genome Browser Feb. 2009
(GRCh37/hgl19) assembly

with common monosomies and trisomies identified in blasto-
cyst embryos. For example, ICE events involving 16 and 22
were observed with the highest frequency as observed in as-
sociation with advanced maternal age [23] (Fig. 1). It is not
always possible to detect recombinant chromosomes due to
the variation of coverage among chromosomal locations and
the unpredictability of the sites of crossing over events.
Incidentally, four recombinant embryos were detected which
involved chromosomes 9 and 16. An example of a copy num-
ber plot from an unbalanced inversion 9 is included in Fig. 2.

Table 2  Inversion 9 carrier subgroup

Within the study group, 28 patients (n =37 cycles) carried
the common polymorphic inv(9)(pl1q13). Analysis of this
subtype alone compared to the age-matched controls revealed
a similar trend seen in the aggregated study group: a similar
rate of aneuploidy and no suspected ICE, although not signif-
icant (Table 2).

IVF outcome

Following the transfer of euploid blastocyst-stage embryos,
inversion carriers experienced excellent implantation, live
birth, and miscarriage rates. The implantation rate was 58%
from the 54 completed transfers (mean = 1.46 embryos trans-
ferred) with a live birth rate of 63% in our study population.

Inv(9)(p11q13) subtype Control None of the patients experienced a miscarriage.
Maternal age 34.7+5.6 359443
Eggs collected 2534125 21.1+104 . .
Fertilized 143475 123267  Discussion
Blastocyst biopsied 6.7+3.8 7.1+4.8 . ) o o
Aneuploidy 48% 43% This study is the first of its kind to evaluate the incidence of an

Data are mean + standard deviation
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inter-chromosomal effect in blastocyst embryos due to a parental
balanced inversion utilizing a PGT-A platform. Fifty-one
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Table 3 IVF cycle and CCS results
Karyotype # of IVF #of # of biopsied ~ Aneuploid chromosomes detected Aneuploid rate
cycles patients  embryos (quantity if > 1)
46,XY,inv(1)(p22.1p34.1) 2 1 11 +7,-10, +11, —12, —14, +14, (11/11) 100%
—16, +19, +20, chaotic(4)*
46,XX,inv(1)(q25q42) 2 1 6 +4, +16, chaotic* (3/6) 50%
46,XX,inv(2)(p11.2q13) 1 1 none (0/2) 0%
46,XY,inv(3)(p21.3p26) 2 1 16 +16(2), +22, +X(2), =X, chaotic* (7/16) 44%
46,XY,inv(3)(p11.2q12.1) 1 1 6 -9 (1/6) 17%
46,XX,inv(3)(pl1.2q12.1) 2 1 13 -1,-3, +5, 11, -16, —19Q2), =X (7/13) 54%
46,XY,inv(3)(p21.31q13.32) 1 1 2 none (0/2) 0%
46,XY,inv(4)(p15.1q12) 1 1 +4, +5, +15, -22 (3/8) 38%
46,XX,inv(5)(p13.1q13.3) 1 1 2 +6, +16 (2/2) 100%
46,XY,inv(5)(p15.3q14) 1 1 14 =5(2), +5(2), +18 (5/14) 36%
46,XY,inv(6)(p23q23.3) 1 1 —18, =22, chaotic (2)* (3/3) 100%
46,XY,inv(7)(p13q21.12) 1 1 none (0/2) 0%
46,XY,inv(9)(pl1ql2) 1 1 -X (1/7) 14%
46,XX,inv(9)(pl1ql2) 1 1 8t -9, 14, +15, -18 (3/7) 43%
46,XY,inv(9)(pl1ql3) 15 11 1167 -1, +1(2), =2, +2, -3, 4, +5, -7, (46/113%) 41%
=8, +9(2), 10, +10, 11, —12,
—-13(2), —14, +14 (3),-15, —16,
+16(5), +17, —18(3), +18, —19(2),
=20, —21(2), —22(6), +22(2), —X(2),
+X, chaotic(4)*
46,XX,inv(9)(pl1ql3) 22 17 142 +1(3), =2(2), -4, +4, =5(3), +6, -7,
+8, —9(2), +9(3), +unbal inv(9),
-10, +10, —11(3), +11, —12(2), +12(2),
—13(2), +13(2), —14(3),
+14, —15(4), +15(2),
—-16(5), +16(11), —17,
—18(2), +18(4), —19, +19(2), —20, +20,
—21(3), 421, —22(5), +22(10), chaotic(2)*  (73/142) 51%
46,XY,inv(9)(p12q13) 4 3 21 +2,+7(2), -8, +12, —14, —-15(3), —16, (12/21) 57%
—-18, +19, -21(2), +22, X
46,XX,inv(9)(p12q13) 2 2 12 —2,+2,-4,-9 (4/12) 33%
46,XX,inv(9)(p22q31.2) 3 +14, chaotic* (2/3) 67%
46,XX,inv(16)(p11.1q11.2) 1 1 +3, +13, —14, —15, —16p11.1q11.2(3), (9/9) 100%
—17, =19, chaotic(3)*
46,XX,inv(16)(q23.1q24.3) 1 1 -2 (1/2) 50%
46,XY,inv(17)(p13.1q11.2) 1 1 +21 (1/2) 50%
46,XY,inv(Y)(p11.2q11.22) 1 1 3 none (0/3) 0%

(Bold = chromosome associated with inversion)
*Chaotic aneuploidy = > three chromosomes involved in aneuploidy

T Set included inconclusive result(s)

heterozygous inversion carrier patients underwent a total of 66
IVF cycles with PGT-A on trophectoderm biopsies. The study
group had equal aneuploidy rates for chromosomes unrelated to
the inversion compared to age-matched controls (inversion =
48.8% vs. control =47.2%; ns), suggesting the inversion is not
associated with an elevated risk for an ICE. Carriers of balanced
inversions experienced excellent ART outcomes following the
transfer of euploid/balanced blastocysts as illustrated by a
livebirth rate of 63% (34/54 transfers) and no miscarriages (0/34).

It is understood that carriers of inversions are at risk to pro-
duce abnormal gametes as a result of malsegregation during
meiosis of the chromosome pair affected with the inversion.
Initial studies of heterozygous male inversion carriers focused
on assessing this risk in mature sperm and concluded that the
size and proportion of the inversion within the chromosome were
directly associated with the likelihood of an unbalanced recom-
binant. When such unbalanced spermatozoa fertilize an oocyte,
reproductive outcomes are compromised.
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Fig. 1 ICE events per individual 35
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Apart from the risk for a genetic imbalance related to the
chromosomal pair directly impacted by the inversion, another
question remains regarding reproductive risks for inversion
carriers: does an inversion have an effect on the segregation
of any of the other chromosomes during meiosis? Since aneu-
ploidy is a very common cause of implantation failure, mis-
carriage and is associated with recognized chromosomal syn-
dromes, understanding a potential increased risk for a full
chromosomal aneuploidy is important when developing a
patient-specific care plan for heterozygous inversion carrier
patients.

Few studies investigating the occurrence of ICE in associ-
ation with a chromosomal inversion have emerged since the
theory was proposed in the 1960s. Therefore, this question
remains largely unanswered. Initial studies that investigated
a possible impact on ploidy status in inversion carriers were
focused only on male inversion carriers. Sperm was analyzed
with FISH with conflicting results: some papers detected an
ICE with increased aneuploid sperm, whereas other investiga-
tions were unable to see an association. These studies were
small, only involved sperm, as opposed to embryo samples,
and utilized testing platforms that allowed for detection of
only a subset of the entire chromosome complement.

Preimplantation genetic testing for aneuploidy has been
utilized as a PGT platform for patients with structural chro-
mosome abnormalities such as translocations and inversions
for the purpose of detecting unbalanced recombinant chromo-
somes and to screen for aneuploidy. One study reported on
two inversion carrier patients who underwent IVF with PGT-
A [20]. Both patients experienced multiple chromosomal er-
rors unrelated to the inverted chromosome. However, no con-
clusion regarding ICE was made in their investigation.

To our knowledge, this is the first study to evaluate the
incidence of an inter-chromosomal effect utilizing PGT-A on
blastocyst embryos derived from inversion carriers. Although
it is the largest study ofits kind, our data set was limited by the
quantity and the aggregation of multiple subtypes of inversion
carriers for a single analysis. Investigating the risk for ICE
separately for polymorphic verses non-polymorphic inversion
carriers might yield different results as polymorphic inver-
sions may lead to less meiotic disruption by virtue of their
stability and frequency in the population. For this reason, we
analyzed the risk for ICE in cycles involving only carriers of
the common polymorphic inversion 9 with findings similar to
our aggregated group, although the data was not statistically
significant (Table 2). We could not investigate possible differ-
ences in ICE risk for carriers of pericentric verses paracentric
inversions and large verses small inversions due to limited
sample sizes. Additionally, it is well-known that the meiotic
checkpoints differ in spermatogenesis and oogenesis and
therefore could potentially impact gamete outcome for inver-
sion carriers of different sexes. Due to a significant difference
in the average maternal age of the male inversion carrier group

verses the female inversion carrier group, comparing the risk
for an ICE in the male verses female inversion carrier sub-
groups was not possible with this dataset, as age-related non-
disjunction risk could not be controlled.

In summary, our study offers insight into the long-debated
question of the existence of an inter-chromosomal effect as it
relates to a parental inversion. We found that the inversion itself
does not elevate the likelihood of aneuploidy above that of the
maternal-age risk. Therefore, for heterozygous inversion car-
riers who are seeking infertility treatment to achieve a healthy
pregnancy, consideration of maternal age and its well-known
association with aneuploidy should drive the recommendation
for PGT-A to screen for whole chromosome trisomies and
monosomies [24]. PGT-A technologies that have the resolution
to detect unbalanced recombinants resulting from the specific
patient inversion should still be considered for younger patients
who do not have an indication for aneuploidy screening but do
have a high risk of unbalanced gametes. For most inversion
carrier patients, PGT-A remains a singular platform available
for both inversion recombinant and age-related aneuploidy
screening. This allows for a streamlined PGT approach to select
euploid, balanced embryos for transfer, thus improving the
likelihood of a viable pregnancy and healthy offspring [21, 25].

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.
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