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Abstract Trisomy 21 is a common congenital disorder with well-documented clinical man-
ifestations, including an increased risk for the transient myeloproliferative disorder as a ne-
onate and leukemia in childhood and adolescence. Transient myeloproliferative disorder is
only known to occur in hematopoietic cells with trisomy 21. Children with mosaic trisomy 21
also have a risk for hematological malignancies.Wepresent a nondysmorphic neonate, with
a negative noninvasive prenatal screening of maternal blood for trisomy 21, who came to
medical attention because of ruddy skin. He was found to have mild polycythemia, throm-
bocytopenia, and developed peripheral blasts. His clinical presentation was consistent with
transient myeloproliferative disorder, which is only seen with trisomy 21. Cytogenetic stud-
ies of peripheral blood are positive for mosaic trisomy 21.

CLINICAL PRESENTATION AND FAMILY HISTORY

Although trisomy 21 is reliably detected by modern screening and diagnostic platforms,
there are limitations to all tests. Therefore, ensuring a high level of suspicion despite a neg-
ative screening test is imperative in clinical practice. We present a term nondysmorphic ne-
onate with thrombocytopenia, polycythemia, and low levels of circulating blasts raising
concern for a myeloproliferative disorder, which spontaneously resolved, and discuss the
considerations and relevance of this finding to mosaic trisomy 21.

A 1-d-old nondysmorphic term male was evaluated in the newborn nursery because of a
ruddy skin complexion. He was born at 39 wk 2 d to a 37-yr-old mother by vaginal delivery
with an unremarkable pregnancy, with reportedly normal cell-free DNA screening (noninva-
sive prenatal screening [NIPS]) and family history. His initial complete blood count (CBC) with
differential showed 18.85×103/µL whole blood count (WBC) (reference range 8.04–15.40×
103/µL); absolute polymorphonuclear cells 11.20×103/µL (reference range 5–28×103/µL);
lymphocytes 4.22×103/µL (reference range 2–11.5× 103/µL); monocytes 2×103/µL (refer-
ence range <2.5×103/µL); eosinophils 0.57 ×103/µL (reference range 0.1–2×103/µL); baso-
phils 0.2× 103/µL (reference range <0.4×103/µL); immature granulocytes 0.66×103/µL
(reference range 0–0.1×103/µL); no blasts; hemoglobin 20.8 g/dL (reference range 13.9–
19.1 g/dL); and platelets 90×103/µL (reference range 150–350×103/µL). His platelet count
was as low as 44,000/µL for which he received random-donor platelet transfusion and intra-
venous IgG on day of life 4. He had a good response 1-h post-transfusion, with a plate-
let count recovery to 139,00/µL; however, on the following day, his platelets fell to
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72,000/µL. Neonatal alloimmune thrombocytopenia (NAIT) was theworking diagnosis for his
thrombocytopenia. Confirmatory testing was performed and there was a mismatch between
parental and maternal platelet antigens (PLA-3b); however, there were no antibodies iden-
tified ruling out NAIT. In searching for other etiologies, flow cytometry performed on the ini-
tial blood sample obtained on the day of life 1 identified a small population, 3.4% of total
analyzed cells of dim CD34/blasts positive cells (see Fig. 1). The CD34+ myeloid blast pop-
ulation expressed CD33, CD117, CD38, HLA-DR, and CD7 (partial). Between days of life 3
and 8 serial CBCs with manual peripheral blood smears identified peripheral blasts and early
myeloid precursors, peaking at 4% blasts. He remained clinically well without constitutional
symptoms, hepatosplenomegaly, respiratory distress, or leukemia cutis. Possible etiologies
of thrombocytopenia and peripheral blasts/myeloid precursors in a neonate include neona-
tal leukemia or transient myeloproliferative disorder (TMD) (Ansari et al. 2015; Khan et al.
2018; Kurzer and Weinberg 2019).

Because TMD is universally associated with trisomy 21, we considered the possibility of
potential low-level or tissue-specific mosaicismmissed by prenatal screening, targeted inter-
phase fluorescence in situ hybridization (FISH) testing for Chromosome 21was performed on
an uncultured blood sample, with a sample containing 0% blasts in the peripheral blood.
Results confirmedmosaic trisomy 21 in 22.5% (45/200 interphase cells). The PHA-stimulated
blood sample from this patient demonstrated mos47,XY,+21[1]/46,XY[4].nuc ish(RB1×2,
D21S259/D21S341/D21S342× 3)[43/200] similar to the uncultured specimen, suggesting
constitutional mosaicism for trisomy 21 (see Table 1). However, further testing on other tis-
sues has not been done to date. The association of TMD and trisomy 21 was discussed with
the primary team and considered yet the neonate did not have any clinical features of Down
syndrome. Moreover, NIPS, which is testing on cell-free fetal DNA in maternal circulation,
had been negative. This individual may have either trisomy 21 mosaicism limited to hema-
topoietic cells, or low-level mosaicism more broadly that is insufficient to lead to other man-
ifestations of Down syndrome.

Figure 1. Flow cytometry. Peripheral blood flow cytometry showed a CD34+ myeloid blast population that
expressed CD33, CD117, CD38, HLA-DR, and CD7 (partial) was identified. B cells constituted 4% of lympho-
cytes and had a κ:λ ratio of 1.0. T cells comprised 92% of lymphocytes and had normal expression of T-cell
antigens, with a CD4:CD8 ratio of 5.6.

Table 1. Cytogenetic results of peripheral blood cells

Culture conditions Interphase FISH Karyotype

Unstimulated Trisomy 21 in 22.5% -

PHA-stimulateda Trisomy 21 in 21.5% Limited cell division—25% trisomy 21

aEnhances growth of T-lymphocytes.
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A myeloid next-generation sequencing (NGS) panel, including GATA1 (only exon 2 se-
quencing) and KRAS, found no clinically significant variants. Low levels of blasts were iden-
tified on days 3–8 of life (3%–4% blasts) and then self-resolved. The thrombocytopenia and
mild polycythemia resolved by ∼2.5 and 3.5 wk of life, respectively. He had no evidence of
hepatic or respiratory involvement at any time. Given the cytogenetic results of trisomy 21
mosaicism in hematopoietic cells, an echocardiogram was performed and was normal ex-
cept for a patent foramen ovale (left-to-right shunting). Thyroid testing was also normal.
At the time of this report, the patient is currently 5 mo of age without evidence of recurrent
disease. He will undergo follow-upmonthly for the first year of life, then every 3 mo until age
3, and then every 6 mo until 4 yr of age.

TECHNICAL ANALYSIS

Cytogenetic analyses were performed on phytohemagglutinin (PHA)-stimulated blood, and
FISH for Chromosome 21 on both the uncultured and cultured blood was performed using a
commercially available probe set (Abbott Molecular Inc.). A myeloid NGS panel using the
Archer Myeloid VariantPlex panel with copy-number detection was performed on a periph-
eral blood sample. GATA1 coverage was limited to exon 2 (GRCh37 Chr X: 48649497–
48649756), and the depth of coverage for this sample was 300×. Director review of all
variants in this region was performed at a variant allele fraction of 2%.

SUMMARY

This child apparently has amosaic trisomy 21 patient presenting with only TMD and no other
recognizable features of Down syndrome. Because of the limited available testing data we
cannot further assess the extent of trisomy 21 mosaicism—we only know that it was present
in the TMD blast cells but absent on NIPS. When a patient has a myeloid disorder, it is rec-
ommended that germline testing be performed on cultured fibroblasts to assess chromo-
somal or mutational events that may not be limited to the hematopoietic compartment.

It is known that varying degrees of mosaicism for trisomy 21 exist in apparently healthy
individuals; however, it is difficult to know the prevalence because there are few data on
this population (Dagna Bricarelli et al. 1990; Pham et al. 2014; Papavassiliou et al. 2015).
Of course, mosaicism varies among tissues, and therefore negative results in any one cell
type cannot exclude mosaicism in other cell types, tissue, organs, or body segments
(Kowalczyk et al. 2007; Biesecker and Spinner 2013).

Although NIPS has 99.3% sensitivity for trisomy 21 (Taylor-Phillips et al. 2016), mosaicism
in the fetus can reduce this sensitivity (Health Quality Ontario 2019; Neofytou 2020). The fe-
tal cell-free DNA assayed in NIPS is primarily from trophoblastic cells. If mosaicism occurs by
mitotic nondisjunction later in development leading to tissue limited mosaicism, the placen-
ta would be spared, resulting in a false-negative NIPS (Levy et al. 2021).

Between 4% and 10% of newborns with trisomy 21 develop TMD, which is a rare clonal
myeloproliferative disorder associated with a varied clinical course (Zipursky et al. 1997;
Bajwa et al. 2004; Pine et al. 2007; Gamis et al. 2011). Many individuals with TMD have spon-
taneous resolution, but there are fatal outcomes in severe cases (Gamis et al. 2011;
Watanabe 2019). Overall, children with Down syndrome up to age 4 yr are at a 150-fold ex-
cess risk of developing myeloid leukemia (ML-DS) (Alford et al. 2011). Individuals with a his-
tory of TMD have a 20%–30% risk of developing ML-DS by age 4 and require close
monitoring (Homans et al. 1993; Massey et al. 2006; Gamis et al. 2011). Blast cell structure
and immunophenotype are similar in TMD and ML-DS with a mutation in the hematopoietic
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transcription factorGATA1 being present in almost all cases (Alford et al. 2011). This patient
did not have a GATA1 mutation identified in exon 2. Although GATA1 exon 2 is the most
recurrent region altered in DS-TMD (Alford et al. 2011), variants outside of this region
have been reported in DS-TMD (Alford et al. 2011). Additionally, the blast count was ex-
tremely low, which may lead to a false negative by NGS because of the limit of detection.

There are other reports of newborns with TMD without other clinical features of Down
syndrome who had mosaic trisomy 21 in blood and bone marrow at diagnosis (Bhatt et al.
1995; Rozen et al. 2014; Prudowsky et al. 2020). In some of these reports, the mosaicism per-
sisted after the TMD had resolved (Bhatt et al. 1995), but in others, once the TMD has re-
solved, trisomy 21 could not be identified in the blood (Rozen et al. 2014; Prudowsky
et al. 2020).

Trisomy 21 mosaicism remains a relevant diagnostic consideration in individuals with
TMD, even in the absence of recognizable features of Down syndrome. Individuals with mo-
saic trisomy 21, depending on which tissues are affected by the trisomy, have an increased
risk of neonatal TMD and acute leukemias in childhood and adolescence, but also possibly
protection from some solid tumors (Hultén et al. 2010). Furthermore, outside of TMD, indi-
viduals with trisomy 21 are at increased risk for other hematological malignancies, such as
acute lymphoblastic leukemia and acute megakaryoblastic leukemia (Chisholm 2017;
Laurent et al. 2020; Won et al. 2020). Constitutional mosaicism can be difficult to prove, es-
pecially in the setting of hematopoietic abnormalities; therefore, further testing is warranted
in this patient population.

Trisomy 21, either constitutional or mosaic, and perhaps even limited to the hematopoi-
etic compartment, is essentially universal in TMD. Individuals who present with TMD should
be evaluated for trisomy 21 even when recognizable features or Down syndrome are absent
and when prenatal screening is negative. Demonstrating the extent of the mosaicism is vital
to understanding further risks and additional screening important for patient care.
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