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Complicated pulmonary h
uman coronavirus-NL63
infection after a second allogeneic hematopoietic
stem cell transplantation for acute B-lymphocytic
leukemia
A case report
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Abstract
Rationale: Viruses are the most common pathogens that can cause infection-related non-recurrent death after transplantation,
occurringmostly from the early stages of hematopoietic stem cell transplantation (HSCT) to within 1year after transplantation. Human
coronavirus (HCoV)-NL63 is a coronavirus that could cause mortality among patients with underlying disease complications.
Serological tests are of limited diagnostic value in immunocompromised hosts and cases of latent infection reactivation. In contrast,
macro-genomic high-throughput (DNA and RNA) sequencing allows for rapid and accurate diagnosis of infecting pathogens for
targeted treatment.

Patient concerns: In this report, we describe a patient who exhibited acute B-lymphocytic leukemia and developed complicated
pulmonary HCoV-NL63 infection after a second allogeneic HSCT (allo-HSCT). Six months after the second allo-HSCT, he developed
sudden-onset hyperthermia and cough with decreased oxygen saturation. Chest computed tomography (CT) suggested bilateral
multiple rounded ground-glass opacities with the pulmonary lobules as units.

Diagnoses: HCoV-NL63 was detected by metagenomic next-generation sequencing (NGS), and HCoV-NL63 viral pneumonia
was diagnosed.

Interventions: The treatment was mainly based on the use of antiviral therapy, hormone administration, and gamma-globulin.

Outcomes:After the therapy, the body temperature returned to normal, the chest CT findings had improved on review, and the viral
copy number eventually became negative.

Lessons: The latest NGS is an effective method for early infection diagnosis. The HCoV-NL63 virus can cause inflammatory factor
storm and alter the neutrophil-to-lymphocyte ratio (NLR). This case suggests that the patient’s NLR and cytokine levels could be
monitored during the clinical treatment to assess the disease and its treatment outcome in a timely manner.

Abbreviations: allo-HSCT = allogeneic hematopoietic stem cell transplantation, CT = computed tomography, HCoV = human
coronavirus, HLA= human leukocyte antigen, mNGS=metagenomic next-generation sequencing, NLR= neutrophil-to-lymphocyte
ratio, PET = positron emission tomography.
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1. Introduction

Coronaviruses are RNA viruses comprising 7 species that are
currently known to infect humans, all of which are alpha (HCoV-
229E and HCoV-NL63) and beta (HCoV-OC43, HCoV-HKU1,
SARS-CoV, MERS-CoV, and SARS-CoV-2) types. In 2004,
human coronavirus (HCoV)-NL63 was isolated from a patient
with upper respiratory tract infection.[1] HCoV-NL63 infection is
usually community-acquired and mostly transmitted through
airborne droplets. It usually causes symptoms of mild upper
respiratory tract infections,[2] with fever, cough, rhinitis, and sore
throat as the main clinical symptoms. The clinical manifestations
mainly include upper respiratory tract infections, bronchitis,
bronchopneumonia, bronchiolitis, and pseudomodel laryngi-
tis.[3] HCoV-NL63 infection is a self-limiting disease, in which the
functional immune response can completely eliminate the virus in
healthy individuals. Our literature summary of over the last 10
years showed that the HCoV-NL63 detection rates in immuno-
competent populations were 0.1% to 16.5%.[4–22] Other studies
have shown mortality following the HCoV-NL63 infection but
almost always related to underlying disease complications, such
as malignancy, renal failure, immunosuppression, and diabetes
mellitus.[23–25] The occurrence of HCoV-NL63 infection is not
sex-, age-, or geography-specific and accounts for approximately
5% of all acute respiratory disease cases. These data show that
HCoV-NL63 infection cannot be ignored.
2. Case report

A 20-year-old man was diagnosed with acute B-lymphocytic
leukemia in June 2016. The bone marrow morphology studies
indicated that the disease had been in remission after the
induction therapy provided on July 5, 2016, while the flow
cytometry results remained positive. Allogeneic hematopoietic
stem cell transplantation (allo-HSCT) was performed on
November 3, 2016, with his elder sister as the fully human
leukocyte antigen (HLA) 10/10- and blood type A-matched
sibling donor. Leukocytes and platelets were successfully
implanted at days +14. The implantation survival identification
at days +28 was as follows: morphology in remission, negative
flow cytometry results, complete donor type in the bone
marrow, and peripheral blood chimerism. The re-examination
of the bonemarrowmorphology inNovember 2017 showed the
presence of 15% naïve lymphocytes, suggesting hematological
relapse. Positron emission tomography/computed tomography
(PET/CT) showed extramedullary relapse. After fluorine
pyrimidine and carboplatin regimen chemotherapy, the re-
examination showed bone marrow remission, without abnor-
malities in the cerebrospinal fluid. On January 3, 2018, 1�105/
kg of CD19-chimeric antigen receptor T-cell immunotherapy
cells were re-infused into the patient, and the re-examination
showed bone marrow remission. The bone marrow and
cerebrospinal fluid of the patient continued to be in remission
after re-infusion of 2�105/kg of CD22-chimeric antigen
receptor T-cell immunotherapy cells on July 10, 2018. The
patient presented a small nodule on the left foot sole without
pain or local erythema, in December 2019. Pathological biopsy
of the plantar mass revealed a small round cell malignancy,
considered to be leukemic cell infiltration. Flow cytometry
showed that 88.43% of the analyzable CD19+/CD45- cells
were naïve B lymphocytes with abnormal phenotypes, express-
ing CD34, CD10bright, CD22, CD81dim, CD58, and HLA-
2

DR. In January 2020, PET–CT re-examination suggested
multiple extramedullary leukemic infiltrates, and CD22
monoclonal antibody was successively administered twice.
On May 6, 2020, PET–CT of the lower extremities showed
incomplete remission of extramedullary lesions. A second allo-
HSCTwas initiated onMay 9, 2020,with a haploidenticalHLA
6/10-matched maternal donor and donor and recipient blood
types O and A, respectively. The pretreatment protocol was
cytarabine/fludarabine/thiotepa/anti-thymus immunoglobulin/
N-(2-chloroethyl)-N0-(4-methylcyclohexyl)-N-nitrosourea,
and the procedure went well. Leukocytes and platelets were
viable at days +11 and +16, respectively. The re-examination by
bone marrow puncture biopsy 1month after the transplanta-
tion revealed that the primary disease was relieved, and bone
marrow and peripheral blood were of full donor chimera. The
re-examination 2months after the transplantation showed
complete remission of the bonemarrow and cerebrospinal fluid.
PET–CT showed that the extensive multiple hypermetabolic
foci in both lower extremities and feet had partially reduced
compared with those in the previous examination. Considering
that the leukemic infiltrate-related results had partially
improved and the residual tumor metabolic activity was still
significant, local radiotherapy was provided to the lower legs
and soles of the feet. In mid-November 2020 (+6months after
transplantation), a follow-up visit at another hospital showed
hyperthermia without any obvious cause, with cough but
without phlegm. The maximum temperature was 39.8 °C, and
the minimum blood oxygen saturation was 85%. No positive
signs were found on the chest during physical examination. The
results of the routine blood tests were as follows: white blood
cell count, 7.8�109/L; neutrophil count, 5.68�109/L; lympho-
cyte count, 1.06�109/L; C-reactive protein, 268.69mg/L (refer-
ence range: 0–10); and procalcitonin, 0.35ng/mL (reference range:
0–0.07). The results of the G-test, GM-test, and TSPOT, as well as
those of the tests for Mycoplasma pneumoniae antibody
Immunoglobulin M (IgM), Chlamydia pneumoniae antibody
IgM, influenza A virus antibody IgM, influenza B virus antibody
IgM, parainfluenza virus antibody IgM, respiratory syncytial virus
and influenza virus antibody IgM, adenovirus antibody IgM,
coxsackie Bvirus antibody IgM,Legionella pneumophilaantibody
IgM,novel coronavirus antibody IgM,novel coronavirus antibody
IgG, peripheral blood Epstein-Barr virus, cytomegalovirus virus,
and novel coronavirus nucleic acid copy number, were negative. A
mass shadow could be detected on the chest CT (Day 3 in Fig. 1).
No positive pathogens were detected by metagenomic next-
generation sequencing (mNGS, DNA+RNA) in the peripheral
blood specimens. The pharyngeal swab mNGS detected 10
Streptococcus pneumoniae-specific sequences, 2 Enterococcus
faecalis-specific sequences, and 3 Aspergillus flavus-specific
sequences and common upper respiratory flora in the DNA
library; in the RNA library, 28,636 HCoV-NL63-specific
sequences (Fig. 2) and common respiratory flora were detected.
The coverage of HCoV-NL63 was 96.4%, the average depth was
75.8X, and the relative abundance was 99.4%, which satisfied the
quality control requirements, and the test results were in full
agreement with the clinical features. The final diagnosis was
established as HCoV-NL63 viral pneumonia. Intravenous
infusion of foscarnet sodium 60mg/kg q12h and methylpredniso-
lone 40mg qd, as well as oral antiviral therapy with Arbidol 200
mg tid, were administered, with gradual reduction after 7days.
Furthermore, gamma globulin 0.4g/kg was administered for
5days as an immunoregulatory therapy (Fig. 3). As a result, the



Figure 1. Plain chest CT scan of the patient. Fever was registered on the day of admission, with multiple block-like and patchy shadow interstitial changes in both
lungs on Day 3. A gradual absorption of the pulmonary lesions could be detected during the course of the treatment. Therefore, the treatment was considered
effective, and the condition had improved. CT=computed tomography.

Figure 2. mNGS analysis detected HCoV-NL63: non-human sequences were compared with the HCoV-NL63 reference genomewith a unique sequence count of
38,636, coverage of 96.4%, and an average depth of 75.8X. HCoV=human coronavirus, mNGS=metagenomic next-generation sequencing.
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symptoms of the patient improved significantly: the body
temperature decreased to normal, no fever peak appeared, and
bloodoxygenwas stablymaintained at 97%to99%without nasal
cannula oxygenation. The chest CT showed significant and
slightly more resorbed lesions than before (Fig. 1). Multiple re-
examinations of cytokines during the onset and treatment period
showed that as the body temperature decreased, the cough
3

symptoms improved. The patient showed improvement and was
discharged.

3. Discussion

In allo-HSCT, infections can cause nonrecurrent death after
transplantation, occurring mostly from the early stages of HSCT

http://www.md-journal.com


Figure 3. The first day of the patient with fever was defined as Day 1. The patient was treated with broad-spectrum antibiotics, specifically meropenem,
vancomycin, and amphotericin B. The treatment effect was suboptimal, and the patient remained persistently hyperthermic without significant fever peak change
from the previous measurement. Antiviral therapy with methylprednisolone, gamma globulin, foscarnet sodium, and arbidol was administered from Day 3. The
temperature decreased to normal from Day 4, and no further fever could be observed during the subsequent treatment. On Day 6, the diagnosis of HCoV-NL63
virus pneumonia was considered definitive based on the NGS results, and treatment with meropenem, vancomycin, and amphotericin B was discontinued.
Glucocorticoid use was routinely reduced until discontinuation. The patient was discharged on Day 18 with improvement and foscarnet sodium discontinuation.
Oral Arbidol was continued after discharge and discontinued after 5 days. HCoV=human coronavirus, NGS=next-generation sequencing.
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to within 1year after transplantation. Viruses are the most
common pathogens. Among them, cytomegalovirus is the most
common source of viral infection after transplantation,[26] and
the others include adenoviruses, bocaviruses, coronaviruses,
human herpesvirus-6, and the West Nile virus.[27] Serological
tests are of limited diagnostic value in immunocompromised
hosts and cases of latent infection reactivation. The mNGS (DNA
and RNA) method, that is, macro-genomic high-throughput
sequencing of infecting pathogenic microorganisms,[28] allows
for the rapid and accurate diagnosis of infecting pathogens for
targeted treatment. The mNGS approach allows the testing of
various specimens, such as blood, pharyngeal swabs, and
alveolar lavage fluid. By extracting total DNA and RNA from
the specimens, we conducted pretreatment and NGS library
construction, respectively, followed by double-end 150bp and
single-end 75bp sequencing using the Illumina platform
Nextseq550 sequencer, quality control of the logout data,
dehumanized sequence processing, and comparison with the self-
constructed pathogenic microorganism reference genome data-
base for further analysis to determine infection-related patho-
genic microorganisms. No pathogenic DNA or RNA positive
results consistent with the clinical symptoms were found in the
4

peripheral blood mNGS test results of the patient. However, the
pharyngeal swab test revealed that the number of HCoV-NL63-
specific sequences in the RNA library was 28,636, and the
HCoV-NL63 coverage and sequencing depth met the quality
control requirements (Fig. 2). The test results were fully
consistent with the clinical conditions. The diagnosis was
established as HCoV-NL63 viral pneumonia.
This viral infection is self-limiting, with currently no

definitively effective antiviral treatment. After the administration
of hormones, gamma globulin, and antiviral therapy, the body
temperature returned to normal. Furthermore, symptoms such as
cough and expectoration improved, and the lung imaging results
suggested the gradual absorption of the interstitial changes.
Pharyngeal swab samples were re-examined using NGS on day 5
of the treatment, revealing that the number of HCoV-NL63-
specific sequences was reduced to 284, and the level of cytokines
in the body was significantly reduced. This result indicates that
the coronavirus infection-induced inflammatory factor stormwas
under control. Mayer et al37 reported the case of a 27-year-old
woman diagnosed with T-cell acute lymphoblastic leukemia who
had a severe complicated pulmonary infection in the agranulo-
cytosis phase of chemotherapy and whose disease was not



Figure 4. The patient showed a stable peripheral blood neutrophil-to-lymphocyte ratio measured within 1month prior to admission, with a trend of increasing NEU/
LY ratio after the onset of fever (Day 1), peaking on Day 6, decreasing from Day 7 onward, and returning to the level before the disease onset on Day 17.
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controlled by antifungal therapy.[29] Analysis of alveolar lavage
fluid sample led to the detection of HCoV-NL63, after which
interferon was administered, and the viral copy numbers became
negative. However, she eventually died due to diffuse alveolar
hemorrhage. In a multicenter clinical trial of pathogen detection
in 434 post-allo-HSCT patients with CoV infection,[30] the
detection rate of NL63 by multiplex Polymerase chain reaction
Figure 5. Trends in cytokine levels over the course of the disease, with Interleukin
sCD25 unit in 100pg/mL.

5

was 16.5%. The rapid and highly sensitive screening diagnosis of
emerging viral infections and timely symptomatic treatment can
be effective in improving patient survival.
In the present case, the patient was 6months post-second-allo-

HSCT and had regular blood monitoring before disease onset,
with stable peripheral blood neutrophil-to-lymphocyte ratio
(NLR). The NLR is an inflammatory marker reflecting systemic
6, Tumor Necrosis Factor-a, Interleukin 10, and IFN-gamma units in pg/mL and

http://www.md-journal.com
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inflammation. After the fever onset (day 1), the NLR tended to
increase, peaking on day 6, decreasing from day 7 onward, and
returning to the level before disease onset on day 17 (Fig. 4).
Severe viral infections lead to endothelial cell destruction and
production of large amounts of inflammatory factors, such as
Interleukin 6, Interleukin 8, Tumor Necrosis Factor-a, and
granulocyte colony-stimulating factors, which can stimulate the
production of high levels of neutrophils.[31] The inflammation
stimulates neutrophil production and accelerates lymphocyte
apoptosis. Excessive neutrophil aggregation and activation, as
well as the release of toxic enzymes, aggravate alveolar epithelial
damage, leading to severe pulmonary edema, hypoxemia, and the
eventual development of multiple organ dysfunction syndrome
and acute respiratory distress syndrome. NLR is a practical and
valid marker for disease progression and prognosis assessment in
studies on coronavirus disease 2019.[32] In this case, NLR
changes were consistent with the disease course of the patient and
his recovery after the treatment. Thus, NLR monitoring can be
considered as a rapid way to evaluate treatment efficacy for this
viral pneumonia. A certain lag is present in the NLR changes
compared with those of cytokines.
The major high fatality risks, whether in SARS-CoV-2,

SARS-CoV, or HCoV-NL63, as reported in this case, arise
from multiorgan injury/failure due to the severe cytokine
storm associated with viral infections.[33] Cytokine-induced
tissue injury or acute phase physiological changes and/or
immune cell-mediated responses can rapidly progress to
disseminated intravascular coagulation complicated by vas-
cular obstruction or hemorrhage, respiratory distress, hypox-
emia, acute respiratory distress syndrome, hypotension,
vasodilatory shock, and death. Severe cytokine storms
can also lead to renal failure, acute liver injury or cholestasis,
and cardiomyopathy.[34] Interferon-g, interleukin-1, interleu-
kin-6, TNF, and interleukin-18 are key cytokines often
considered to have an immunological role in cytokine storms.
The changes in the cytokine levels in our patient (Fig. 5) could
be observed in the case of Interleukin 6, Tumor Necrosis
Factor-a, Interleukin 10, IFN-gamma, and sCD25 from the
first day of fever with varying degrees of elevation, peaking on
day 4, and subsequently decreasing to normal levels. This
suggests that cytokine monitoring is critical in managing
virus-associated pneumonia. The progression and treatment
outcome of the disease can be assessed based on cytokine
levels.

4. Conclusion

Patients with malignant hematologic neoplasms are immuno-
compromised after transplantation, particularly those with a
second transplant who have undergone local radiation therapy
and are prone to serious infections. Serological examinations
might be of limited value in the diagnosis of immune-
compromised hosts and cases of latent infection reactivation.
In this study, the latest NGS methods were used to extract total
DNA and RNA from the specimen for early diagnosis. During the
treatment of the patient in this case study, as the inflammatory
factor storm was controlled, neutrophil and lymphocyte levels
gradually returned to normal, cytokine levels decreased, the
disease was controlled, and the viral copy number eventually
became negative. This suggests that the NLR and cytokine levels
of the patient can be monitored during clinical treatment to assess
the disease and its treatment outcome in a timely manner.
6
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