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Background: Human parvovirus B19 (B19V) infection is usually symptomless and
occurs in the childhood. While in immunocompromised adults, B19V infection also
presents various clinical symptoms due to the host's immune status. The classic
symptoms include erythema, anemia, arthropathy, and edema, but neurological
involvement is rare.

Case Presentation: In this report, we present a case of B19V infection caused multiple
organ dysfunction in a non-immunosuppressed adult. Metagenomic next-generation
sequencing (MNGS) was used and successfully detected the pathogen in multiple types
of samples, including blood, cerebrospinal fluid (CSF), and bronchoalveolar lavage fluid
(BALF). The diagnosis was subsequently confirmed by polymerase chain reaction (PCR).
He was treated with intravenous gamma globulin, resulting in a significant resolution of
symptoms after 1 month.

Conclusion: Multisystem involvement induced by B19V infection was found in this case
report. MNGS performed great advantages in rapidly and accurately diagnosing B19V
infection in multiple types of samples, which helps the timely adjustment of treatment
and improves the prognosis.

Keywords: human parvovirus B19, immunosuppressed, multiple organ dysfunction, case report, nNGS

INTRODUCTION

Human parvovirus B19 (B19V) was first detected in 1974 (1). The most common symptom is
erythema infectiosum. It is a mild exanthematous disease commonly on the face and is named
“slapped cheek syndrome” due to the shape and location of the rash. In addition, the trunk and
skin rashes may appear as lace-like, reticular, and spontaneously resolving macular rashes (2).
Its transmission route is mainly through the respiratory tract, but it can also be transmitted by
blood or from mother-to-child vertical transmission (3). Children are the main target of BI9V
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infection. Notably, in infants, children, and adolescents with
unexplained meningoencephalitis, the detection rate of B19V can
be as high as 4.3% (4, 5), and the possibility of BI9V pathogenesis
in these cases cannot be ruled out. Adults infected by B19V can
present a variety of clinical symptoms, which depend mainly on
the host’s immune status. In immunosuppressed adults, it can
cause severe or chronic anemia due to persistent infection (6—
8). The virus mainly attacks red blood cells in the hematologic
system and manifests, resulting in clinical manifestations, such
as rapidly worsening anemia and peripheral reticulocytopenia.
Still, there are also cases with leukopenia or thrombocytopenia
(37.5 and 21%, respectively) (9). In immunocompetent adults,
B19V can lead to acute arthropathy (10, 11) and various
neurological diseases such as encephalitis, meningoencephalitis,
and Guillain-Barre syndrome (12). Alternatively, B19V has also
been associated with myocarditis (13, 14) and hepatitis (15), as
well as fetal hydrops and fetal abortion during pregnancy (16).
In sickle cell anemia patients, B19V infection can cause transient
aplastic crises.

Although B19V has previously been reported to cause various
clinical symptoms in non-immunosuppressed patients, cases of
B19V infection involving more than two systems are infrequent.
Here we report a case who was hospitalized due to multiple organ
dysfunction (MODS) caused by unexplained sepsis, without
immunosuppressive background and clear focus of infection.
B19V was detected in multiple samples throughout the body,
including blood, cerebrospinal fluid (CSF), pleural fluid, and
bronchoalveolar lavage fluid (BALF). The condition improved
after blood transfusion and gamma globulin pulse therapy.

CASE REPORT

A 54-year-old man was admitted to the Department of Intensive
Care Medicine of the First Affiliated Hospital, Sun Yat-sen
University, on June 30th, 2021, due to headache and fatigue for
2 days.

The patient developed a headache on June 28th, 2021,
without obvious inducement, and gradually had drowsiness,
accompanied by fatigue, anorexia, and occasional cough, which
could not be relieved after rest. No other abnormal symptoms
were detected. The patient had a history of hypertension and
gout for more than 10 years. He since had been diagnosed with
sepsis and multiple organ failure in the ICU of a local hospital
due to fever with upper abdominal pain. Metagenomic next-
generation sequencing (mNGS) of blood on May 8th showed
negative. After treatment of mepem 1g every 6h (Q6H), the
patient was cured and was discharged 2 months ago. He did not
take immunosuppressive drugs regularly for a long time and had
no history of exposure to poisons, chemical agents, or animals.
Personal and family histories were unremarkable.

Physical examination on admission showed body temperature
of 36.0°C, pulse at 94 beats/min, respiratory rate of 14
breaths/min, blood pressure at 69/37 mmHg, drowsiness,
chemosis, coarse breath sounds, and a small number of moist
rales heard in both lower lungs. Cardio abdominal physical
examination was unremarkable. Extremities were moderate

edema. The movement of both upper limbs was good, and
the movement of both lower limbs was limited. Auxiliary
examination was also performed. Blood gas analysis showed
metabolic acidosis, pH of 7.25, BE —16 mmol/L, and oxygenation
>300. Elevated infection indicators analysis showed CRP of
234.75 mg/L, PCT of 5.06 ng/mL, and WBC of 41.84 x 10°/L.
The patient was detected with mild anemia (RBC of 3.26 x
10'2/L and Hb 93 g/L), prolonged coagulation time (APTT of
58.2's), renal insufficiency (urea of 19.5 mmol/L and CREA 357
pmol/L), and acute heart failure (TnT-T of 0.130 ng/mL and
NT-proBNP of 20813.0 pg/mL). In addition, the patient had
elevated liver metabolic total bilirubin (TBIL of 79.6 umol/L) and
predominantly elevated direct bilirubin (DBIL of 55.9 pmol/L).
Immunosuppressive status revealed a lower immunoglobulin M
(0.49 g/L) and immunoglobulin G (7.37 g/L), B lymphocytes
(CD3-CD19 +) % of 0.48%, B lymphocytes (CD3-CD19 +)
count of 2.41 cells/pl, regulatory T-cells (Treg) of 18.75%,
interleukin 6 of 1508.65 pg/mL, and interleukin of 10 5.57
pg/mL. Bacteriology, mycology, and tuberculosis tests of blood,
sputum, urine, and stool showed no pathogens. HIV, syphilis,
and Hepatitis virus tests were negative. Radiography of the
pulmonary showed worsening infiltrate (Figure 1). Septic shock
was considered. The patient was given Sulperazone 3g, Q8H
for anti-infection, fluid infusion, correction of acidosis, acid
suppression, stomach protection, and prothrombin complex
supplement on June 30th. After 7-day treatment, the infection
indicators were significantly lower than before, with PCT of
1.19 ng/mL, CRP of 49.41 mg/L, WBC of 8.08 x 109/L, NEUT
of 6.94 x 109/L. The conditions were under control.

On July 7th, the patient had a sudden light coma with repeated
generalized tonic-clonic seizures, with the most extended
duration lasting for about 90s. He was transferred to the
neurological ICU for treatment with a GCS score of 5. Twenty-
four-hour bedside quantitative EEG monitoring was immediately
performed, which showed simultaneous epileptic discharges in
both cerebral hemispheres during convulsive seizures. Sodium
valproate 1,200mg QD (from July 7th to July 10th), and
Oxcarbazepine 300 mg Q12H combined Levetiracetam 1 g Q12H
(from July 9th to August 16th) were then used. The epilepsy did
not recur.

On July 8th, a lumbar puncture was performed to measure
the initial pressure of 210 cmH,0O and the final pressure of
135 cmH,O. CSF was collected and submitted for examination.
Biochemical combination of CSF revealed glucose of 3.0 mmol/L,
CSF chloride (Cl) of 131 mmol/L, CSF protein (PROT) of 734.7
mg/L, synchronous blood glucose of 5.9 mmol/L, and blood
chloride of 117 mmol/L.

Samples were also sent for PACEseq mNGS (Hugobiotech,
Beijing, China). Q[TAamp DNA Micro Kit (QIAGEN, Germany)
was used for DNA extraction, and the libraries were then
constructed using QIAseq™ Ultralow Input Library Kit for
Mumina (QIAGEN, Germany). The quality of libraries was
assessed by Qubit (Thermo Fisher) and Agilent 2100 Bioanalyzer
(Agilent Technologies). The qualified DNA libraries were finally
sequenced on Nextseq 550 platform (Illumina). Adapter, short,
low-quality, and low-complexity reads were removed from the
raw data. The human DNA was filtered out by mapping to
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FIGURE 1 | The patients’ chest X-ray on July 1st (A) and CT on July 16th (B).

human reference database (hg38). The remaining reads were
finally aligned to the Microbial Genome Databases (http://ftp.
ncbi.nlm.nih.gov/genomes/). B19V DNA (2 specific reads) in
CSF was detected. Polymerase chain reaction (PCR) was then
performed using B19V Q-PCR Detection Kit (Z] Bio-Tech,
Shanghai, China) and confirmed the mNGS results. CSF cytology
showed a lymphocyte-monocyte reaction pattern. CSF routine,
bacterial culture, autoimmune encephalitis antibody detection,
and oligoclonal bands (OB) were unremarkable. Determination
of CSF B19V DNA on July 9th showed 1.0 x 10" copies/mL.
B19V caused encephalitis was considered.

After transfer, the patients pneumonia was gradually
aggravated, with type I respiratory failure and oxygenation index
<200 on July 11th. Chest radiography showed inflammatory
infiltration in bilateral lungs with bilateral pleural effusion.
Brain plain MRI + enhancement MRI + DWI showed only
scattered ischemic lesions in bilateral cerebral hemispheres.
Echocardiography and color Doppler ultrasound of liver,
gallbladder, pancreas, and spleen were unremarkable.
Determination of B19V DNA in blood on July 11st showed
2.96 x 10° copies/mL; B19V DNA and Enterococcus faecium
was detected by PACEseq mNGS on July 13th, with the specific
reads number of 1,430 and 22, respectively. Blood B19V IgM
was negative, and IgG was positive. The reexamination of EEG
on July 14th showed no epileptic discharges. Determination
of B19V DNA in pleural fluid on July 15th showed the DNA
determination of 1.36 x 10° copies/mL; mNGS detected B19V
in BALF on July 15th, with the specific reads number of 11,
Corynebacterium striatum, with the particular reads number

of 250, Acinetobacter baumannii, with the particular reads
number of 17, Enterococcus faecium, with the specific reads
number of 13, Staphylococcus aureus, with the particular reads
number of 11, Pseudomonas aeruginosa, with the particular
reads number of 11. In addition to the symptoms of the
central nervous system, the patient’s anemia was progressively
aggravated. After multiple blood transfusions and platelet
therapy, the lowest hemoglobin was 58 g/L on August 8th,
the proportion of reticulocytes was 0.0026, the reticulocyte
count was 0.0089 x 10'2/L, the lowest platelet count was 60
x 10°/L, red blood cells and platelets were inhibited, and
red blood cell morphology examination showed shrinkage
and acanthocytes. The patient was finally diagnosed with
encephalitis caused by B19V, secondary epilepsy, severe anemia,
and bilateral pneumonia.

The patient was given mepem 1g, Q8H on July 10th, and
then switched to vancomycin 1 g, Q12H on July 18th, intravenous
gamma globulin 0.4 g/Kg body weight for 5 days from July
15th for symptomatic treatment of heart failure, renal failure,
and other symptoms of organ damage. The patient did not
have any more seizures. He gradually became conscious, opened
and closed his eyes when instructed, made eye contact when
called, GCS score increased to 10 points, oxygenation index
was more significant than 300, and anemia was improved. On
July 20th, reexamination showed the proportion of reticulocytes
was 0.0702, and reticulocyte count was 0.2078 x 10'2/L. On
July 27th, reexamination showed that blood B19V DNA was
<1,000 copies/ml. The number of mNGS specific reads and
viral DNA quantification in the different specimens are showed
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TABLE 1 | Test results of PV B19 in various body fluid samples of the patient.

N Number of mNGS Viral DNA
specific reads (time of quantification
collection) (copies/ml) (time of
collection)
CSF +, 2 (2021-7-8) 1.0 x 10”5 (2021-7-8)
Serum 1 +, 1,430 (2021-7-13) 2.96 x 10”5
(2021-7-11)
Hydrothorax - 1.36 x 10"5
(2021-7-15)
BALF +, 11 (2021-7-15) /
Serum 2 Not reexamined <1,000 (2021-7-27)

in Table 1, while mNGS outcomes belong to the patient are
showed in Figure 2. Afterment treatment, the patient had clear
consciousness and could simply communicate with his family. He
was finally discharged on August 16th. There was no sequelae or
relapse of this patient after 4-month follow-up. The patient could
take care of himself and communicate with his family normally.
The timeline of this case was shown in Figure 3.

DISCUSSION AND CONCLUSION

Human parvovirus infection mainly affects the skin, respiratory
system, joints, and hematologic system, characterized by rash,
flu-like symptoms, self-limiting arthritis, and transient erythroid
hematopoietic disorders (17-19), the clinical manifestations of
which lack specificity. In addition, it is difficult to isolate the
virus by conventional cell culture, hence not feasible in clinical
practice (20). Therefore, its diagnosis relies on serology and DNA
detection (21). At the same time, real-time qPCR has been proven
to be more reliable, especially in the diagnosis of recurrent or
persistent infections, as antibody production may be lacking or
minimal in these individuals (21): B19V IgM appears 1 week
after infection (22) and persists for 2-3 months (21, 22). Due
to tremendous differences between individuals, parvovirus BI9V
IgM may not be detected. IgG can persist after infection. A 4-
fold increase of titer in 2 weeks is usually used to diagnose B19V
infection. However, we did not test the titer after 2 weeks due to
the use of gamma globulin treatment.

In this case, blood IgM test results were negative. Still, BI9V
DNA was detected in multiple serum samples, CSE, pleural fluid,
and BALF. Though the detected DNA in blood might also be
non-infectious naked DNA sipping out from the injured tissues,
the high titer indicated that the DNA detected by real-time PCR
is more likely from replicating virus. In addition, the discovery
of B19V DNA and various bacteria in BALF can confirm that it
is at least partly directly related to pneumonia (23-25). Due to
convulsions during the course of the disease, lumbar puncture,
and CSF mNGS detection also revealed B19V. The patient’s
CSF routine, biochemistry, protein, and cytology tests showed
viral encephalitis changes, consistent with the diagnosis of BI9V
encephalitis (12).

On the other hand, after admission, the patient had a
progressive decrease in hemoglobin and severe anemia, which
was not improved significantly after multiple transfusion
therapy. Reticulocyte level was extremely low, along with
thrombocytopenia and leukopenia. Although BI9V can
inhibit erythroid proliferation, but severe anemia rarely
occurs in immunocompetent patients with B19V infection.
Immunocompromised patients with BI9V infection are more
likely to have decreased levels of erythrocytes and platelets or
even whole blood cells (26). In this case, the blood routine
showed severe immunosuppression, explaining the suppression
of red blood cells and platelets.

Unexplained liver function impairment with B19V infection
may be associated with the direct action of the virus, with
elevated trans-aminases as the primary manifestation, which may
be clinically asymptomatic or accompanied by acute hepatitis,
primarily seen in children (27-30). Although the patient had
liver function impairment mainly shown by elevated bilirubin,
his liver enzymes were normal, so it could not rule out that drugs
were the cause.

The majority of existing reports of B19V infection occur in
children, pregnant women, and immunosuppressed populations.
In contrast, infection accounts in immunocompetent individuals
are relatively rare, and the symptoms are mild or asymptomatic.
This case is a middle-aged male with acute onset and severe
condition, not the ordinary population of previous BI9V cases.
He had no long-term immunosuppression, history of exposure
to chemicals, poisons, animals, or other underlying conditions
that can cause a state of immunosuppression. Meanwhile, there
are few B19V involving multiple systems and accompanied by
multiple organ failure (12, 23). The possibility of B19V infection
is rarely considered in routine pathogen screening.

However, when evaluating the immune function of
patients, it should also be taken into account that, in
addition to organ transplantation, AIDS, long-term use of
immunosuppressive drugs or drug abuse, severe infection
might also cause suppressed humoral and cellular immune
status and lead to immunosuppression, especially in clinical
settings. The immune-related indicators of the patient suggested
severe immunosuppression, with low lymphocyte count and
proportion, mainly B lymphocytes, which might be due to latent
viral infection after the last sepsis-induced immunosuppressive
state of more than 2 months ago.

The presence of high-titer B19V was eventually identified
with the aid of mNGS technology and subsequently confirmed
in multiple clinical samples. The manifestation of multisystem
involvement due to B19V infection was resolved with the
addition of targeted therapy, so it was considered a multi-organ
infection caused by B19V. The outbreak of BI9V infection might
be due to the severe immunosuppression caused by sepsis 2
months before.

The second-generation sequencing technology is significant
for detecting rare or unexpected pathogens. It is an essential
auxiliary means for the etiological diagnosis of patients
with severe infections, which should be timely applied in
the diagnosis and treatment process. However, it should be
noted that the interpretation of mNGS results should be
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FIGURE 2 | mNGS detection of CSF (A), blood (B), and bronchoalveolar lavage fluid samples (C).
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comprehensive and careful. This case shows that although
mNGS has a more substantial pathogen detection capability
than conventional detection, the number of virus-specific
reads does not match the DNA quantification, resulting
in a small number of mNGS reads. While the viral load
is large and the clinical symptoms are severe. Therefore,
the etiological hints of mNGS should be used rationally,
and its results should not be based solely on its reads
number, nor should mNGS be a substitute for quantitative
pathogen detection.

Currently, there are no specific antiviral drugs for B19V
infection. Treatment options depend on host factors such
as immune status, potential underlying diseases, and
manifestations of infection (31). Due to the short duration
of symptoms, most infections in immunocompetent hosts do

not require treatment. Intravenous gamma globulin (IVIG)
0.4 g/Kg bodyweight for 5 consecutive days can effectively
treat a variety of clinical symptoms caused by B19V that
could not recover spontaneously (32-35). However, the
treatment is not once and for all, and in individuals with
severe anemia treated with IVIG, the anemia may recur
once the passive antibody effect is diminished (36, 37).
If the hematocrit begins to decline, the B19V viral load
should be measured again to identify the cause. The next
IVIG course can be performed depending on the degree of
anemia (20, 38, 39).

It should be noted that in the absence of symptoms,
even after IVIG treatment, BI9V DNA in serum can be
detected by polymerase chain reaction (PCR) at low levels
over several months to years (21, 40-43). Therefore, the
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FIGURE 3 | The timeline of this case.
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evaluation of the therapeutic effect should be combined with
clinical practice. PCR positive results alone should not be an
indication for treatment, nor should the elimination of B19V
DNA from the blood be the goal of therapy. After treatment
with gamma globulin, the reticulocyte count increased,
hemoglobin level increased, and serum viral nucleic acid
load reduced significantly. The function of various organs
was improved, and the patient was discharged, confirming
the effectiveness of the treatment regimen. Enterococcus
faecium was detected by mNGS in both blood and BALF
samples. Though multiple anti-bacteria drugs were used
for treatment, the conditions did not improve. However,
the bacteria infection especially in the lung could not be
ruled out.

In addition, corticosteroids can be used for central
nervous system symptoms caused by BI9V infection.
However, there is still a lack of objective evaluation in
the efficacy of IVIG and corticosteroids or a combination
of the two (12). In addition, although cyclosporine has
been reported as the treatment of B19V (44), it is usually
recommended to reduce the use of immunosuppressive
agents to facilitate the bodys immune system to be
activated and neutralize the virus (45). For other symptoms
caused by BI9V, such as rash and arthritis, most of
them subside spontaneously, and non-steroidal anti-
inflammatory drugs may be helpful for arthropathy (46).
Patients with a transient aplastic crisis may require transfusion
support (47).

This case’s diagnosis and treatment experience have
contributed to our understanding of the etiological
detection of infectious diseases. The clinical manifestations
caused by B19V infection are diverse. Still, few reports
involve multiple organ or even concurrent central nervous
system infection (23), and the rarity of B19V infection

brings difficulties in diagnosis. Clinicians should pay
attention to the immune status of patients in the disease
state and rationally use mNGS technology to assist
clinical diagnosis.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary materials, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee for Clinical Research and
Animal Trials of the First Affiliated Hospital of Sun Yat-
sen University (Guangzhou, China). The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

QZ, PC, and LF participated in collecting data and drafted the
manuscript. JC and DC collected the data for case presentation.
HX analyzed the mNGS data. LC participated in clinical
management. HF and LF reviewed the literature and participated
in its design. All authors read and approved the final manuscript.

FUNDING

This study was supported by grants from Guangdong
Provincial Key Laboratory of Diagnosis and Treatment of
Major Neurological Diseases (2020B1212060017), Guangdong
Provincial Clinical Research Center for Neurological Diseases

Frontiers in Medicine | www.frontiersin.org

April 2022 | Volume 9 | Article 808205


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Zou et al.

Multisystem Involvement of B19V Infection

(2020B1111170002),

the Southern China International

Cooperation Base for Early Intervention and Functional

Rehabilitation of Neurological Diseases

(2015B050501003

and 2020A0505020004), Guangdong Provincial Engineering
Center For Major Neurological Disease Treatment, Guangdong

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Van Horn DK, Mortimer

. Cossart YE, Field AM, Cant B, Widdows D. Parvovirus-like particles in human

sera. Lancet. (1975) 1:72-3. doi: 10.1016/S0140-6736(75)91074-0

. Anderson MJ, Jones SE, Fisher-Hoch SP, Lewis E, Hall SM, Bartlett CL, et al.

Human parvovirus, the cause of erythema infectiosum (fifth disease)? Lancet.
(1983) 1:1378. doi: 10.1016/S0140-6736(83)92152-9

. Servey JT, Reamy BV, Hodge J. Clinical presentations of parvovirus B19

infection. Am Fam Physician. (2007) 75:373-6.

. von Landenberg P, Lehmann HW, Modrow S. Human parvovirus B19

infection and antiphospholipid antibodies. Autoimmun Rev. (2007) 6:278-
85. doi: 10.1016/j.autrev.2006.09.006

. Barah E, Vallely PJ, Chiswick ML, Cleator GM, Kerr JR. Association of human

parvovirus B19 infection with acute meningoencephalitis. Lancet. (2001)
358:729-30. doi: 10.1016/S0140-6736(01)05905-0

PP, Young N, Hanson GR. Human
parvovirus-associated red cell aplasia in the absence of underlying
hemolytic anemia. Am ] Pediatr Hematol Oncol. (1986) 8:235-
9. doi: 10.1097/00043426-198623000-00011

. Morinet E, Perol Y. B19 chronic bone marrow failure: a persistent parvovirus

infection of humans. Nouv Rev Fr Hematol. (1990) 32:91-4.

. Kurtzman GJ, Ozawa K, Cohen B, Hanson G, Oseas R, Young NS. Chronic

bone marrow failure due to persistent B19 parvovirus infection. N Engl ] Med.
(1987) 317:287-94. doi: 10.1056/NEJM198707303170506

. Brodin-Sartorius A, Mekki Y, Bloquel B, Rabant M, Legendre C.

Infection par le Parvovirus B19 aprés transplantation rénale [Parvovirus
B19 infection after kidney transplantation]. Nephrol Ther. (2012)
8:5-12. doi: 10.1016/j.nephro.2011.06.001

Reid DM, Reid TM, Brown T, Rennie JA, Eastmond CJ. Human parvovirus-
associated arthritis: a clinical and laboratory description. Lancet. (1985)
1:422-5. doi: 10.1016/S0140-6736(85)91146-8

White DG, Woolf AD, Mortimer PP, Cohen BJ, Blake
Bacon PA. Human parvovirus arthropathy.  Lancet.
1:419-21. doi: 10.1016/S0140-6736(85)91145-6

Barah E Whiteside S, Batista S, Morris J. Neurological aspects of human
parvovirus B19 infection: a systematic review. Rev Med Virol. (2014) 24:154-
68. doi: 10.1002/rmv.1782

Enders G, Dotsch J, Bauer J, Niitzenadel W, Hengel H, Haffner D,
et al. Life-threatening parvovirus B19-associated myocarditis and cardiac
transplantation as possible therapy: two case reports. Clin Infect Dis. (1998)
26:355-8. doi: 10.1086/516295

Simpson KE, Storch GA, Lee CK, Ward KE, Danon S, Simon CM, et al.
High frequency of detection by PCR of viral nucleic acid in the blood of
infants presenting with clinical myocarditis. Pediatr Cardiol. (2016) 37:399-
404. doi: 10.1007/s00246-015-1290-6

Yoto Y, Kudoh T, Haseyama K, Suzuki N, Chiba S. Human parvovirus
B19 infection associated with acute hepatitis. Lancet. (1996) 347:868-
9. doi: 10.1016/S0140-6736(96)91348-3

Brown T, Anand A, Ritchie LD, Clewley JP, Reid TM. Intrauterine
parvovirus infection associated with hydrops fetalis. Lancet. (1984) 2:1033-
4. doi: 10.1016/S0140-6736(84)91126-7

Sim JY, Chang LY, Chen JM, Lee PI, Huang LM, Lu CY. Human parvovirus
B19 infection in patients with or without underlying diseases. ] Microbiol
Immunol Infect. (2019) 52:534-41. doi: 10.1016/j.jmii.2019.05.009

Skaff PT, Labiner DM. Status epilepticus due to human parvovirus B19
encephalitis in an immunocompetent adult. Neurology. (2001) 57:1336-
7. doi: 10.1212/WNL.57.7.1336

Bonvicini E  Marinacci G, Pajno MC, Gallinella G, Musiani M,
M. Meningoencephalitis ~with persistent parvovirus B19

DR,
(1985)

Zerbini

Provincial Translational Medicine Innovation Platform for
Diagnosis and Treatment of Major Neurological Disease,

and

the Clinical Research Supporting Programe for

Lingnan Junior Doctors of Guangdong Province Medical
Association (2021067).

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

infection in an apparently healthy woman. Clin Infect Dis. (2008)
47:385-7. doi: 10.1086/589863

Landry  ML. Parvovirus ~ B19.  Microbiol
4:0008. doi: 10.1128/microbiolspec. DMIH2-0008-2015
Young NS, Brown KE. Parvovirus B19. N Engl ] Med. (2004) 350:586-
97. doi: 10.1056/NEJMra030840

Makhlouf MM, Elwakil SG, Ibrahim NS. Molecular and serological assessment
of parvovirus B-19 infection in Egyptian children with sickle cell disease. J
Microbiol Immunol Infect. (2017) 50:565-9. doi: 10.1016/j.jmii.2015.10.016
Katoh D, Ochi Y, Hiramoto N, Morita M, Yabushita T, Shimomura Y,
et al. Parvovirus B19 infection in adult patients after allogeneic stem cell
transplantation: our experience of five cases and literature review. Bone
Marrow Transplant. (2020) 55:653-6. doi: 10.1038/541409-019-0533-1
Wardeh A, Marik P. Acute lung injury due to parvovirus pneumonia. J Intern
Med. (1998) 244:257-60. doi: 10.1046/j.1365-2796.1998.00364.x

Beske F Modrow S, Sorensen J, Schmidt H, Kriener S, Allwinn R,
et al. Parvovirus B19 pneumonia in a child undergoing allogeneic
hematopoietic stem cell transplantation. Bone Marrow Transplant. (2007)
40:89-91. doi: 10.1038/sj.bmt.1705693

Wolfromm A, Rodriguez C, Michel M, Habibi A, Audard V, Benayoun E, et
al. Spectrum of adult Parvovirus B19 infection according to the underlying
predisposing condition and proposals for clinical practice. Br ] Haematol.
(2015) 170:192-9. doi: 10.1111/bjh.13421

Das P, Chatterjee K, Chattopadhyay NR, Choudhuri T. Evolutionary aspects
of Parvovirus B-19V associated diseases and their pathogenesis patterns
with an emphasis on vaccine development. Virusdisease. (2019) 30:32-
42. doi: 10.1007/s13337-019-00525-6

Bihari C, Rastogi A, Saxena P, Rangegowda D, Chowdhury A, Gupta
N, et al. Parvovirus bl9 associated hepatitis. Hepat Res Treat. (2013)
2013:472027. doi: 10.1155/2013/472027

Biilltmann BD, Klingel K, Sotlar K, Bock CT, Kandolf R. Parvovirus B19: a
pathogen responsible for more than hematologic disorders. Virchows Arch.
(2003) 442:8-17. doi: 10.1007/s00428-002-0732-8

Krygier DS, UP, Petric M, Erb SR, Chung SW,
Scudamore CH, et al. Parvovirus B19 induced hepatic failure in an
adult requiring liver transplantation. World ] Gastroenterol. (2009)
15:4067-9. doi: 10.3748/wjg.15.4067

Broliden K. Parvovirus B19 infection in
and bone marrow transplantation. Pediatr
5:320-30. doi: 10.1034/j.1399-3046.2001.00035.x
Morey AL, Ferguson DJ, Fleming KA. Combined immunocytochemistry
and non-isotopic in situ hybridization for the ultrastructural
investigation of human parvovirus B19 infection. Histochem J. (1995)
27:46-53. doi: 10.1007/BF00164171

Moudgil A, Shidban H, Nast CC, Bagga A, Aswad S, Graham SL,
et al. Parvovirus B19 infection-related complications in renal transplant
recipients: treatment with intravenous immunoglobulin. Transplantation.
(1997) 64:1847-50. doi: 10.1097/00007890-199712270-00037

Murer L, Zacchello G, Bianchi D, Dall’amico R, Montini G, Andreetta
B, et al. Thrombotic microangiopathy associated with parvovirus B19
infection after renal transplantation. ] Am Soc Nephrol. (2000) 11:1132-
37. doi: 10.1681/ASN.V1161132

Egbuna O, Zand MS, Arbini A, Menegus M, Taylor J. A cluster of
parvovirus B19 infections in renal transplant recipients: a prospective
case series and review of the literature. Am ] Transplant. (2006) 6:225-
31. doi: 10.1111/§.1600-6143.2005.01139.x

Gosset C, Viglietti D, Hue K, Antoine C, Glotz D, Pillebout E. How many times
can parvovirus B19-related anemia recur in solid organ transplant recipients?
Transpl Infect Dis. (2012) 14:E64-70. doi: 10.1111/j.1399-3062.2012.00773.x

Spectr. (2016)

Steinbrecher

pediatric
Transplant.

solid-organ
(2001)

Frontiers in Medicine | www.frontiersin.org

April 2022 | Volume 9 | Article 808205


https://doi.org/10.1016/S0140-6736(75)91074-0
https://doi.org/10.1016/S0140-6736(83)92152-9
https://doi.org/10.1016/j.autrev.2006.09.006
https://doi.org/10.1016/S0140-6736(01)05905-0
https://doi.org/10.1097/00043426-198623000-00011
https://doi.org/10.1056/NEJM198707303170506
https://doi.org/10.1016/j.nephro.2011.06.001
https://doi.org/10.1016/S0140-6736(85)91146-8
https://doi.org/10.1016/S0140-6736(85)91145-6
https://doi.org/10.1002/rmv.1782
https://doi.org/10.1086/516295
https://doi.org/10.1007/s00246-015-1290-6
https://doi.org/10.1016/S0140-6736(96)91348-3
https://doi.org/10.1016/S0140-6736(84)91126-7
https://doi.org/10.1016/j.jmii.2019.05.009
https://doi.org/10.1212/WNL.57.7.1336
https://doi.org/10.1086/589863
https://doi.org/10.1128/microbiolspec.DMIH2-0008-2015
https://doi.org/10.1056/NEJMra030840
https://doi.org/10.1016/j.jmii.2015.10.016
https://doi.org/10.1038/s41409-019-0533-1
https://doi.org/10.1046/j.1365-2796.1998.00364.x
https://doi.org/10.1038/sj.bmt.1705693
https://doi.org/10.1111/bjh.13421
https://doi.org/10.1007/s13337-019-00525-6
https://doi.org/10.1155/2013/472027
https://doi.org/10.1007/s00428-002-0732-8
https://doi.org/10.3748/wjg.15.4067
https://doi.org/10.1034/j.1399-3046.2001.00035.x
https://doi.org/10.1007/BF00164171
https://doi.org/10.1097/00007890-199712270-00037
https://doi.org/10.1681/ASN.V1161132
https://doi.org/10.1111/j.1600-6143.2005.01139.x
https://doi.org/10.1111/j.1399-3062.2012.00773.x
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Zou et al.

Multisystem Involvement of B19V Infection

37.

38.

39.

40.

41.

42.

43.

44,

45.

Rodriguez-Espinosa D, Esforzado N, Hermida E, Cuadrado E, Broseta JJ,
Diekmann E et al. A case of recurrent anemia due to chronic parvovirus B19
infection in a kidney transplant recipient. Can everolimus make a difference?
CEN Case Rep. (2021) 10:388-92. doi: 10.1007/s13730-021-00575-0

Brown KE. Detection and quantitation of parvovirus B19. J Clin Virol. (2004)
31:1-4. doi: 10.1016/j.jcv.2004.05.001

Harder TC, Hufnagel M, Zahn K, Beutel K, Schmitt HJ, Ullmann U, et al.
New LightCycler PCR for rapid and sensitive quantification of parvovirus
B19 DNA guides therapeutic decision-making in relapsing infections. J Clin
Microbiol. (2001) 39:4413-9. doi: 10.1128/JCM.39.12.4413-4419.2001
Flunker G, Peters A, Wiersbitzky S, Modrow S, Seidel W. Persistent parvovirus
B19 infections in immunocompromised children. Med Microbiol Immunol.
(1998) 186:189-94. doi: 10.1007/s004300050063

Calvet A, Pujol MO, Bertocchi M, Bastien O, Boissonnat P, Mornex JF.
Parvovirus B19 infection in thoracic organ transplant recipients. J Clin Virol.
(1999) 13:37-42. doi: 10.1016/S1386-6532(99)00012-8

Cassinotti P, Burtonboy G, Fopp M, Siegl G. Evidence for persistence of
human parvovirus B19 DNA in bone marrow. ] Med Virol. (1997) 53:229-32.
Cassinotti P, Siegl G. Quantitative evidence for persistence of human
parvovirus B19 DNA in an immunocompetent individual. Eur ] Clin Microbiol
Infect Dis. (2000) 19:886-7. doi: 10.1007/s100960000384

Pamidi S, Friedman K, Kampalath B, Eshoa C, Hariharan S. Human
parvovirus B19 infection presenting as persistent anemia in renal transplant
recipients. Transplantation. (2000) 69:2666-9. doi: 10.1097/00007890-200006
270-00030

Lamont RE Sobel JD, Vaisbuch E, Kusanovic JP, Mazaki-Tovi S, Kim SK, et
al. Parvovirus B19 infection in human pregnancy. BJOG. (2011) 118:175-
86. doi: 10.1111/j.1471-0528.2010.02749.x

46. Rogo LD, Mokhtari-Azad T, Kabir MH, Rezaei F. Human parvovirus B19: a
review. Acta Virol. (2014) 58:199-213. doi: 10.4149/av_2014_03_199

47. Bonvicini E Mirasoli M, Gallinella G, Zerbini M, Musiani M, Roda A. PNA-
based probe for quantitative chemiluminescent in situ hybridisation imaging
of cellular parvovirus B19 replication kinetics. Analyst. (2007) 132:519-
23. doi: 10.1039/b701664f

Conlflict of Interest: HX was employed by Hugobiotech Co., Ltd.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be conducted as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those
of the authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers.
Any product that may be evaluated in this article, or claim that may
be made by its manufacturer, is not guaranteed or endorsed by the
publisher.

Copyright © 2022 Zou, Chen, Chen, Chen, Xia, Chen, Feng and Feng. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Medicine | www.frontiersin.org

April 2022 | Volume 9 | Article 808205


https://doi.org/10.1007/s13730-021-00575-0
https://doi.org/10.1016/j.jcv.2004.05.001
https://doi.org/10.1128/JCM.39.12.4413-4419.2001
https://doi.org/10.1007/s004300050063
https://doi.org/10.1016/S1386-6532(99)00012-8
https://doi.org/10.1007/s100960000384
https://doi.org/10.1097/00007890-200006270-00030
https://doi.org/10.1111/j.1471-0528.2010.02749.x
https://doi.org/10.4149/av_2014_03_199
https://doi.org/10.1039/b701664f
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Multisystem Involvement Induced by Human Parvovirus B19 Infection in a Non-immunosuppressed Adult: A Case Report
	Introduction
	Case Report
	Discussion and Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


