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Since the coronavirus disease 2019 (COVID-19) pandemic began, several research
groups in different countries have described cases of aplastic anaemia (AA) after
COVID-19 or COVID-19 vaccination. Here, we present the case of a patient with
new-onset AA in Changsha, China, that was presumably associated with
preceding severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection. We conducted an epidemiological assessment of the incidence rate of
blood system diseases from July 1, 2022, to May 31, 2023, in the haematology
department of the Second Xiangya Hospital of Central South University and
Hunan Children’s Hospital. The detection rates of AA and leukaemia in the first
two months after the epidemic outbreak were higher than those before and
during the outbreak. However, only the difference in the detection rate of
leukaemia was statistically significant.

KEYWORDS

COVID-19, SARS-CoV-2, acquired aplastic anaemia, leukaemia, China

Introduction

Coronavirus disease (COVID-19) is a global infectious disease caused by severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2). Since the COVID-19 pandemic

began, several research groups have described cases of aplastic anaemia (AA) after

COVID-19 or COVID-19 vaccination in Japan (1, 2), South Korea (3), Italy (4, 5), China

Taiwan (6), the United Kingdom (7) and the United State (8–10). AA, a rare life-

threatening disorder, is a syndrome of bonemarrow failure characterized by peripheral

blood pancytopaenia and empty bone marrow (11). Acquired AA is a rare disease that

affects approximately 2 people per million per year in North America and Europe, which

is two to three times greater than the rate in Asia. Adolescents, young adults and elderly

individuals are the age groups that are most affected, and the rates are roughly the same

for men and women.We believe this is the first new case of acquired bone marrow failure

potentially caused by SARS-CoV-2 infection reported in China. In addition, we conducted

an epidemiological assessment of the incidence rate of blood system diseases from July 1,

2022, to May 31, 2023, in the haematology department of the Second Xiangya Hospital of

Central South University and Hunan Children’s Hospital.
01 frontiersin.org

http://crossmark.crossref.org/dialog/?doi=10.3389/fped.2023.1277540&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fped.2023.1277540
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fped.2023.1277540/full
https://www.frontiersin.org/articles/10.3389/fped.2023.1277540/full
https://www.frontiersin.org/articles/10.3389/fped.2023.1277540/full
http://orcid.org/0000-0002-8728-3167
https://www.frontiersin.org/journals/pediatrics
https://doi.org/10.3389/fped.2023.1277540
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Wu et al. 10.3389/fped.2023.1277540
Patients and methods

A retrospective review of data from the Second Xiangya

Hospital of Central South University and Hunan Children’s

Hospital, Changsha, Hunan, China, was performed. The number

of patients with AA or leukaemia encounters was compared

among half a year prior to the outbreak of COVID-19 (2022.7–

2022.11), during the epidemic outbreak period (2022.12), the first

two months after the outbreak of the epidemic (2023.1–2023.2)

and later after the outbreak of the epidemic (2023.3–

2023.5).Collection and retrospective analysis of anonymized data

were approved by the institutional review board.

All statistical analyses were performed using IBM SPSS Statistics

(v. 19.0; IBM Corp., Armonk, NY, USA).Categorical variables were

summarized as frequency counts and percentages. Comparison of

the detection rates of AA and leukaemia was performed using the

chi-square test. All statistical tests were two-sided. P-values less

than 0.05 were considered to indicate significance.
Results

Case presentation

A 14-year-old female was reported to have a previous history of

good physical health, with menarche at age 11years and a menstrual

cycle of 28–29 days and 4–5 days of ovulation. She was given two

doses of the inactivated SARS-CoV-2 vaccine on August 14, 2021,

and September 15, 2021, from Beijing Biotech and Chengdu

Biotech, respectively. The complete blood count was normal in

September 2022. There was no history of contact with toxins, nor

was there a similar situation in the family. Amid the epidemic of

the Omicron variant in December 2022 in Changsha, China, she

tested positive for SARS-CoV-2 via polymerase chain reaction

(PCR). She had a high fever of 39 degrees Celsius, lasting for 8–

9 h, and was given oral acetaminophen (1 tablet at a time, 3

times per day) to reduce the fever. No routine blood test was

performed at that time. On January 1, 2023, menstruation began

and lasted for more than 10 days without a clean menstrual cycle.

She fainted on January 11, 2023, and was admitted to the

hospital. Blood tests showed pancytopaenia, and laboratory

analysis revealed the following: a white blood cell (WBC) count

of 0.3 × 109/L, a red blood cell (RBC) count of 2.88 × 109/L, an

absolute neutrophil count (ANC) of 0.01 × 109/L, an absolute

lymphocyte count (ALC) of 0.29 × 109/L, a haemoglobin (Hgb)

level of 84 g/L, a reticulocyte count of 4.3 × 109/L, and a platelet

count of 46 × 109/L. Her extensive workup, including for

malignancy (including thoracic and abdominopelvic CT imaging),

infection (HIV, viral hepatitis, Epstein‒Barr virus, and

cytomegalovirus), and autoimmune aetiologies, was negative;

vitamin B12 and folate levels were unremarkable. She was

diagnosed with acquired AA according to laboratory criteria

based on myelocytopaenia and total haemocytopaenia, excluding

other causes of total haemocytopaenia and hereditary bone

marrow failure, and after a first and second bone marrow biopsy,

it was determined that her bone marrow cell counts were
Frontiers in Pediatrics 02
decreased by 10%. Extremely low bone marrow hyperplasia and

adipose tissue hyperplasia were observed. Hematopoietic

granulocytes and erythrocytes had low proliferation and were

mainly composed of middle- and late-stage cells with a scattered

distribution. No megakaryocytes were found on any slides.

Individual lymphocytes and plasma cells were visible but

scattered. Scattered tissue cells containing engulfed hemosiderin

granules were clearly observed. No fibrosis was observed. Gomori

staining results were MF-0 grade, and iron staining results were

2+. A comprehensive evaluation of inherited (including

cytogenetic array, whole exome sequencing (WES), and copy

number variation (CNV) sequencing) and acquired aetiologies of

AA did not reveal the aetiology of this patient. During admission,

this patient relied on oxygenated Hgb and platelet transfusion.

Laboratory analysis on March 3, 2023, revealed the following: a

WBC count of 0.4 × 109/L, a RBC count of 2.08 × 109/L, an ANC

of 0.00 × 109/L, an ALC of 0.3 × 109/L, a Hgb level of 362.0 g/L,

and a platelet count of 47 × 109/L. On the same day, we detected

SARS-CoV-2 nucleic acid positivity in this patient’s blood cells

and plasma. At the same time, six women who had never been

infected with SARS-CoV-2 and six women who had recovered

from COVID-19 in mid-December 2022 served as negative

control groups, and their blood cells and plasma test results were

negative. She received a bone marrow transplant from her father

on April 1, 2023. At the time of reporting, this patient is in

remission with a good haematologic response.

Epidemiological assessment of the incidence rate of blood

system diseasesbefore and during the outbreak in Changsha, China.

To our knowledge, only 9 studies have reported 17 cases of

blood system disease acquired after COVID-19. We provide a

brief review of these cases in Table 1. Therefore, it has become

particularly important for us to monitor adverse events after

COVID-19. Notably, the omicron variant outbreak rapidly spread

around China beginning in December 2022. According to the

Chinese Center for Disease Control and Prevention, the number

and positive rate of SARS-CoV-2 nucleic acid tests in all

provinces showed a trend of first increasing and then decreasing;

the number of positive results peaked on December 22, 2022

(6.94 million), and the positive rate peaked on December 25,

2022 (29.2%). We conducted an epidemiological assessment of

the incidence rate of blood system diseases from July 1, 2022 to

May 31, 2023 in the haematology department of the Second

Xiangya Hospital of Central South University and Hunan

Children’s Hospital (Table 2).The detection rates of AA and

leukaemia in the first two months after the outbreak of the

epidemic were higher than those before and during the outbreak.

However, only the difference in the detection rate of leukaemia

was statistically significant.
Discussion

According to some recent reports, SARS-CoV-2 infection

precedes the occurrence of some autoimmune diseases and

haematological diseases, including paediatric inflammatory

multisystemic syndrome (PIMS), systemic lupus erythematosus
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TABLE 2 Assessment of the incidence rates of leukemia and aplastic anemia in two hospitals in Changsha.

Names of hospitals Detection rate
(%, N/n)

Stage 1
2022.7.1-
2022.11.30

Stage 2
2022.12.1–
2022.12.31

Stage 3
2023.1.1–
2023.2.28

Stage 4
2023.3.1–
2023.5.31

P-
value

Hunan Children’s Hospital Leukemia 3.31 (53/1,601) 2.39 (5/209) 4.66 (27/580) 3.74 (37/989) 0.366

Aplastic anemia 1.12 (18/1,601) 0.96 (2/209) 1.55 (9/580) 2.02 (20/989) 0.278

The Second Xiangya Hospital of Central
South University

Leukemia 7.20 (174/2,417) 3.70 (9/243) 8.52 (66/775) 6.58 (99/1,505) 0.063

Aplastic anemia 0.91 (22/2,417) 0.82 (2/243) 1.03 (8/775) 0.73 (11/1,505) 0.891

Total Leukemia 5.65 (227/4,018) 3.10 (14/452)a 6.86 (93/1,355)b 5.45 (136/2,494)b 0.024

Aplastic anemia 1.00 (40/4,018) 0.88 (4/452) 1.25 (17/1,355) 1.24(31/2,494) 0.717

N, diagnosed with leukemia or aplastic anemia; n, number of bone marrow smears.
ap < 0.05 for comparison with stage 1.
bp < 0.05 for comparison with stage 2.

Wu et al. 10.3389/fped.2023.1277540
(SLE), immune thrombocytopenia, chronic lymphocytic leukaemia

and acquired haemophilia. Most of these reports have linked

COVID-19 to the development of these diseases based on clinical

observations of temporal associations. The possible main

mechanisms linking COVID-19 and AA are as follows:

1. excessive production of inflammatory cytokines and the

occurrence of cytokine storm in COVID-19 (16); 2. cytokine

storm and the potential cytotoxicity of the virus (17, 18);

3. abnormal hematopoiesis caused by SARS-CoV-2 through the

infection of bone marrow erythroid cells (19, 20); 4. an aberrant

immune response triggered by the virus leading to depletion of

the stem cell compartment and inducing bone marrow failure (7,

10); 5. a potential myelosuppressive effect of this virus (21, 22,

23); 6. manipulation of the hematopoietic stem cell replication

process by impairing the expression of several vital proteins as

well as disrupting the intracellular biochemical cascade (24, 25);

7. abnormal erythropoiesis caused by CD147on hematopoietic

cellsacting as a receptor for virus entry (26); and 8. direct

infiltration of the virus into the bone marrow (27).

To our knowledge, this is the first new case of acquired bone

marrow failure reported in China. This patient had a very short

time (15 days) between PCR positivity and total blood cell

decline. This presentation is consistent with previous infectious

disease data showing that SARS-CoV-2 infection leads to

immune-mediated bone marrow failure, and the infection

precedes pancytopenia by weeks to months. Considering the

temporal correlation, it appears possible that COVID-19 had a

direct role in the pathogenesis of AA.

Immunodeficient or immunocompromised persons are at risk

of a prolonged viral phase, with a contagious period of shedding

infectious viral particles that can even last for months compared

to the typical 5-10 days reported for the general population. This

patient remains persistently positive on PCR testing of blood

cells and plasma even after 3 months of infection. This supports

the theory that SARS-CoV-2 may be causally associated with AA.

However, due to the lack of cytokine studies or viral PCR

analysis of bone marrow aspirates in our study, it has not been

clarified whether the virus has a direct cytotoxic effect on

haematopoietic stem cells or acts through a cytokine storm or

aberrant immune dysregulation following the infection, which

caused this patient to develop secondary AA. Further evaluations

in large cohorts are warranted to elucidate the associations

between blood system diseases and COVID-19.
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