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Abstract
Background

Myelodysplastic syndrome (MDS) after kidney transplantation is rare, and its association with
coronavirus disease 2019 (COVID-19) is unclear.

Case report

A 57-year-old man was treated with maintenance hemodialysis for end-stage kidney disease presumed
to have been caused by chronic glomerulonephritis diagnosed 10 years earlier. After 1 year, he received
an ABO-compatible living-donor kidney transplant from his sister. Renal graft function remained stable
thereafter, with serum creatinine levels ranging from 1.49 to 1.62 mg/dL. Two years before presentation,
he developed COVID-19, which resolved after administration of molnupiravir. However, following the
COVID-19 infection, nucleated red blood cells and immature myeloid cells were persistently observed in
his peripheral blood. Laboratory analyses showed hemoglobin 16.3 g/dL, white blood cell count 5,700/
WL, neutrophil count 2,896/uL and platelet count 117,000/pL. Bone marrow aspiration revealed 1.4%
myeloblasts, dysplastic erythroid cells with nuclear atypia, and megakaryocytes with poor platelet
production and release, leading to a diagnosis of MDS. Cytogenetic analysis revealed trisomy 8, and
Wilms' tumor 1 messenger RNA (WT1 mRNA) expression was elevated to 690 copies/ugRNA,
suggesting a risk of leukemic transformation. Although hematopoietic stem cell transplantation was
considered because of his age, no suitable related donor was available, as the kidney donor sister had
developed rheumatoid arthritis. Registration with the bone marrow donor program is currently under
consideration.

Conclusion

We experienced a case of MDS diagnosed after COVID-19 in a kidney transplant recipient. Persistent
appearance of immature blood cells after COVID-19 infection may warrant careful hematological
evaluation in immunocompromised patients, including kidney transplant recipients.

Background

Myelodysplastic syndrome (MDS) is caused by genetic abnormalities in hematopoietic stem cells that
lead to production of morphologically abnormal blood cells (dysplasia), impaired blood cell function, and
a decrease in the number of normal blood cells. In addition, some patients with MDS exhibit increased
numbers of immature blood cells (blasts), which can progress to acute myeloid leukemia. MDS is
therefore considered a preleukemic condition. The incidence of MDS increases with advancing age and
rises markedly in individuals aged 70 years or older; thus a rising incidence of MDS has been noted in
aging societies. Also at greater risk of developing MDS are individuals who have received radiation
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therapy or anticancer drug therapy. In recent years, two conditions, clonal hematopoiesis of
indeterminate potential (CHIP) and clonal cytopenia of undetermined significance (CCUS), have become
widely recognized as precursors to MDS. CHIP is defined as the presence of somatic mutations
commonly associated with myeloid neoplasms, with a variant allele frequency of 2% in individuals with
normal peripheral blood cell counts. By contrast, CCUS is characterized by persistent cytopenia with
evidence of clonal hematopoiesis, though it does not fulfill the diagnostic criteria for MDS.

Case report

A 57-year-old Japanese man who had undergone living-donor kidney transplantation was referred to the
hematology department of a public hospital for further evaluation of persistent abnormalities in
peripheral blood findings. The patient had no subjective symptoms at presentation. His past medical
history included a gastroduodenal ulcer of unknown onset. Ten years before the current presentation, the
patient began maintenance hemodialysis because of end-stage kidney disease considered secondary to
chronic glomerulonephritis. Nine years before presentation, he underwent ABO-compatible living donor
kidney transplantation from his elder sister and received immunosuppressive therapy with basiliximab,
tacrolimus, mizoribine and steroids. Prior to the transplantation, C9 deficiency had been suspected, and
he had received meningococcal vaccination. Two years after kidney transplantation, the patient
developed microscopic hematuria, and an allograft kidney biopsy performed at the transplant center
revealed CNI nephrotoxicity, prompting a reduction in the tacrolimus dose and the addition of
everolimus. Thereafter, his serum creatinine level remained stable at 1.49-1.62 mg/dL, and allograft
renal function was well preserved.

Two years before the diagnosis of MDS, the patient developed coronavirus disease 2019 (COVID-19). A
nasopharyngeal swab SARS-CoV-2 PCR test was positive, though an antigen test was negative. Chest
radiography and computed tomography revealed mild pulmonary involvement (Fig. 1). Although oral
molnupiravir was administered, fever persisted and the patient was ultimately hospitalized but recovered
with intravenous remdesivir therapy. There have been no changes in his medications since his COVID-19
infection. His current medications are as follows: extended-release tacrolimus 3 mg/day, everolimus 1.5
mg/day, mizoribine 300 mg/day, predonine 5 mg/day, vonoprazan 10 mg/day, fluvastatin 30 mg/day,
ezetimibe 10 mg/day, pemafibrate 0.2 mg/day, Jardiance 25 mg/day, mecobalamin 1.0 mg/day and
magnesium oxide 1,000 mg/day. However, after his COVID-19 infection, peripheral blood examinations
occasionally revealed nucleated red blood cells, metamyelocytes and myelocytes. In January 2026,
laboratory examination revealed a white blood cell count of 5,700/pL with a neutrophil count of 2,896/pL,
hemoglobin level of 16.3 g/dL, and platelet count of 117,000/uL. A peripheral blood smear showed
nucleated erythrocytes at 6/100 white blood cells, metamyelocytes at 1.5% and myelocytes at 6.0%.
Serum creatinine was 1.60 mg/dL and estimated glomerular filtration rate was 36.4 mL/min/1.73m?.
Immunoglobulin levels were within preserved ranges: IgG 1,097 mg/dL, IgA 257 mg/dL and IgM 83
mg/dL. The trough concentrations of tacrolimus and everolimus were 5.38 ng/mL and 4.8 ng/mL,
respectively. Because of the persistent presence of immature myeloid cells in his peripheral blood
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together with thrombocytopenia (Fig. 2), the patient was referred to the hematology department of a
tertiary care hospital for further evaluation. Bone marrow aspiration revealed normocellular marrow with
a nucleated cell count of 14,000/uL. However, dysplastic erythroid lineage cells with nuclear atypia were
observed, and megakaryocytes showed poor platelet production and release. Blast cells accounted for
1.4% of marrow cells (Table 1). Differential marrow counts showed myelocytes at 14.6%,
metamyelocytes at 6.4%, band neutrophils at 19.6%, segmented neutrophils at 9.0%, polychromatic
erythroblasts at 22.0% and orthochromatic erythroblasts at 9.4%. WT1 mRNA was elevated to 690
copies/pg RNA. Results of additional investigations for parvovirus B19-IgM antibody, cytomegalovirus
(CMV) DNA, human herpesvirus 6 (HHV6) DNA, and human T-cell leukemia virus type 1 (HTLV) antibody
were all negative. Epstein-Barr virus (EBV) DNA was below detectable levels (< 2x10? copies/mL). Serum
copper and zinc levels were 78 pg/dL and 60 ug/dL, respectively (Table 1). Based on the bone marrow
findings and cytogenetic abnormalities MDS was suspected. Subsequent chromosomal analysis
revealed 47, XY, + 8 in 10 analyzed metaphases (Fig. 3). No high-risk cytogenetic abnormalities
associated with MDS, including monosomy 7 or deletion of 7q31, were detected (data not shown).
According to the International Prognostic Scoring System (IPSS), the score was 0.51, corresponding to
lower-risk disease. The International Prognostic Scoring System-Molecular (IPSS-M) score was 0.25,
also indicating lower-risk MDS. A chronological review of the peripheral blood findings revealed that
immature myeloid cells first appeared approximately 7 days after the onset of COVID-19, and nucleated
erythrocytes, metamyelocytes and myelocytes were observed intermittently upon follow-up
examinations. Approximately 598 days after his COVID-19 infection, the patient was definitively
diagnosed with MDS, based on bone marrow aspiration findings.

Table 1

Bone
marrow
aspiration
examination
and Special
blood tests

Although the patient’s relatively young age would generally support consideration of allogeneic
hematopoietic stem cell transplantation, donor selection posed substantial difficulties. His sister, who
had donated a kidney for transplantation, had developed rheumatoid arthritis and was therefore not
considered an appropriate stem cell donor. No additional sibling donor candidates were available.
Therefore, consultation with hematologists regarding registration with the national bone marrow donor
program is currently ongoing.

Discussion

MDS is a heterogeneous group of clonal myeloid neoplasms originating from hematopoietic stem cells.
It is characterized by ineffective hematopoiesis, which leads to hematopoietic cell dysplasia as well as to
peripheral blood cytopenias, particularly anemia, and a propensity to progress to acute leukemia [1-5].
MDS is more common in men than in women, and its incidence increases with advancing age, with a
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median age at diagnosis of over 70 years. The incidence of MDS is estimated to be approximately 4-11.5
cases per 100,000 persons annually in the general population [6—8]. Previous exposure to chemotherapy
or radiotherapy is a well-established risk factor for the development of MDS [9, 10]. We report here a rare
case of lower-risk MDS that developed after a COVID-19 infection in a recipient of a living donor kidney
transplant. Although MDS has previously been reported after solid organ transplantation, its occurrence
after kidney transplantation remains uncommon. The GBD 2023 Kidney Failure with Replacement
Therapy Collaborators estimated that approximately 1.02 million individuals are living with a functioning
kidney transplant worldwide [11]. Assuming a prevalence of MDS of 5-10 per 100,000 population [6-8],
it is estimated that approximately 51-102 kidney transplant recipients worldwide have concomitant
MDS. Morton et al. analyzed data from 15 population-based cancer registries in the U.S. Scientific
Registry of Transplant Recipients. They found that among 207,859 solid organ transplant recipients who
underwent transplantation between 1987 and 2009, there were 45 cases of MDS following kidney
transplantation [12]. Chronic immunosuppressive therapy, viral infections, chronic antigenic stimulation
and genetic susceptibility may contribute to the pathogenesis of post-transplant hematological
malignancies. In the present case, immature myeloid cells and nucleated erythrocytes began to appear
in peripheral blood samples after COVID-19 infection. Recent studies have suggested that SARS-CoV-2
infection may induce persistent immune dysregulation, chronic inflammation and abnormalities within
the bone marrow microenvironment. Moreover, inflammatory cytokine activation and immune-mediated
hematopoietic stress associated with COVID-19 could potentially unmask latent clonal hematopoiesis or
accelerate the progression of underlying hematologic disorders. Whether COVID-19 directly contributed
to the development of MDS in this patient remains uncertain, however.

Our patient exhibited trisomy 8, which is a relatively common cytogenetic abnormality in MDS.
Importantly, no chromosome 7 abnormalities associated with a high-risk disease were identified. Both
IPSS and IPSS-M classified the patient as lower-risk. However, given that 10-20% of patients with lower-
risk MDS eventually progress to acute leukemia, careful long-term follow-up in collaboration with
hematologists was deemed essential for this patient, and future consideration of hematopoietic stem
cell transplantation may become necessary, depending on disease progression.

Table 2 summarizes the reported three cases of MDS after kidney transplantation. Prischl et al. reported
the case of a patient who developed two malignancies following kidney transplantation and
subsequently developed secondary MDS following postoperative chemotherapy and radiotherapy, both
of which are established risk factors for the development of MDS [13]. In a case that closely resembles
ours, Juric et al. described a kidney transplant patient who developed MDS 6 months after COVID-19.
However, they also reported reactivation of CMV and EBV following COVID-19, raising the possibility that
these viruses may have contributed to the development of MDS [14]. In addition, Ikeda et al. reported a
case of MDS that developed 6 years after kidney transplantation from the patient's mother. Thereafter,
active/acute antibody-mediated rejection and chronic active antibody-mediated rejection were
confirmed. Deterioration of renal function was successfully controlled by resuming mycophenolate
mofetil administration and administering local irradiation to the renal allograft. The patient subsequently
underwent two allogeneic hematopoietic stem cell transplantations from his older sister, the first using
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bone marrow and the second using peripheral blood stem cells. Complete remission of the MDS was
achieved following the hematopoietic stem cell transplantations [15]. Several other cases of
hematologic disorders occurring after COVID-19 infection have also been reported in patients with prior
kidney transplantation [16—19].

Table 2
Reported cases of MDS after kidney transplantation.

Study Age Sex Diseases and/or Treatment Outcome

treatments associated of MDS

with the development of

MDS
Prischl 68 Female Breast cancer: Azacitidine Died after leukemic
etal. 13] chemotherapy and transformation

radiotherapy

Urinary tract TCC: surgery
followed by radiotherapy
and/or chemotherapy

Juric et 55 Male COVID-19 Not Not reported
al. [14] reported
Reactivation of CMV and
EBV
Ilkeda et 56 Male Unknown Two allo- Alive in complete
al. [15] SCTs remission 474 days after

the second allo-SCT

allo-SCT, allogeneic stem cell transplantation; CMV, cytomegalovirus; EBV, Epstein—Barr virus; MDS,
myelodysplastic syndrome

TCC, transitional cell carcinoma.

Current treatment strategies for MDS are based on risk stratification according to the IPSS-R [20] and
IPSS-M [21], which incorporate molecular genetic profiling.

In the present case, the patient was classified as having lower-risk MDS according to both the IPSS-R
and IPSS-M and was managed with observation alone. Nevertheless, Jain et al. reported that patients
with lower-risk MDS remain at substantial risk for disease progression, with 15.5% eventually
progressing to AML [23]. Moreover, even in the absence of AML transformation, anemia, infection and
bleeding can profoundly impair quality of life and are associated with inferior overall survival [24, 25].
Bahmani et al. reported that elevated blood levels of WT-1 mRNA are associated with high-risk MDS and
disease progression, and that WT-1 mRNA is a useful biomarker for diagnosis, prognostic assessment
and disease monitoring [26]. The WT-1 mRNA level was elevated in our patient, indicating that careful
long-term follow-up is warranted. Treatment options for MDS include luspatercept for patients with
lower-risk disease [27], azacitidine for those who fail to respond adequately to luspatercept [28], and
allogeneic hematopoietic stem cell transplantation for patients with progressive disease [29]. Although
our patient had lower-risk MDS, he was relatively young (57 years) and was therefore considered a
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candidate for allogeneic hematopoietic stem cell transplantation. He is currently being evaluated for
registration with the Japan Marrow Donor Program.

Conclusion

We report a case of low-risk MDS that developed after COVID-19 infection in a patient who had
previously undergone living-donor kidney transplantation. Although the patient presented with only mild
thrombocytopenia and immature cells circulating in his peripheral blood, lower-risk MDS may progress in
some patients. Therefore, allogeneic hematopoietic stem cell transplantation is being considered as a
potential treatment option.
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Table 1

Table 1 is available in the Supplementary Files section.

Figures

Figure 1

Chest radiograph (A) and concurrent computed tomography (B) obtained at the time of COVID-19
infection. Neither image showed consolidation in either lung, and both findings were unremarkable.
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Figure 2

Clinical course. COVID-19 infection was followed by persistent mild thrombocytopenia despite
preservation of the neutrophil count. Initially, peripheral blood examinations occasionally revealed
nucleated red blood cells, but immature myeloid cells, including myelocytes and metamyelocytes, were
subsequently detected. The patient was diagnosed with MDS 1 year and 9 months after COVID-19
infection.

Page 11/12



Nucleated red

blood cells
(/100WBC) 0 3 2 2 6 2
Melmymocyes s 0 60 2.0 15 0.5
as
. 15 1.0 30 15 6.0 6.0
COVID-19
so00r W
=i
n b=
X
'_g 4000}
6
5 N
LY
=

20001

~+—Neutrophil(/pL)
- Platelet(/uL)

-639-598-592-542-444-409-381-340-227-192-164-136 -66 -36 -10 0 24

Days

20

[y
(=]

(N7 /:01) 9123014

Figure 3

Cytogenetic analysis detected 47,XY,+8 in 10 analyzed metaphases. No high-risk

cytogenetic abnormalities associated with MDS, including monosomy 7 or deletion of

7q31, were detected (the data are not shown).
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