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ABSTRACT

Purpose. Our previous studies have demonstrated that

human parvovirus B19 (B19V) is involved in the patho-

genesis of thymic hyperplasia-associated myasthenia gravis

(MG). However, more cases need to be assessed to further

elucidate the relationship between this virus and thymoma-

associated MG.

Materials and Methods. The clinicopathological charac-

teristics, presence of B19V DNA, and B19V VP2 capsid

protein expression of 708 cases of thymomas were inves-

tigated using nested polymerase chain reaction (PCR),

TaqMan quantitative (q) PCR, immunohistochemistry,

fluorescent multiplex immunohistochemistry, and electron

microscopy.

Results. Patients with MG or ectopic germinal centers

(GCs) were significantly younger than those without MG

(P\0.0001) or GCs (P = 0.0001). Moreover, significantly

more GCs were detected in thymomas associated with MG

than in those without MG (P \ 0.0001). The results of

nested PCR and TaqMan qPCR were consistent, and B19V

DNA positivity was only associated with presence of GCs

(P = 0.011). Immunohistochemically, positive staining was

primarily detected in neoplastic thymic epithelial cells

(TECs) and ectopic GCs. The positive rate of B19V VP2

was significantly higher in thymoma with MG or GCs than

in thymoma without MG (P = 0.004) or GCs (P = 0.006).

Electron microscopy showed B19V particles in the nuclei

of neoplastic TECs and B cells from GCs.

Conclusions. We conclude that the pathogenesis of MG is

closely associated with the presence of GCs, and B19V

infection is plausibly an essential contributor to formation

of ectopic GCs in thymoma. To the best of the authors’

knowledge, this is the first study to elucidate the role of

B19V in thymoma-associated MG and provide new ideas

for exploring the etiopathogenic mechanism of MG.

Myasthenia gravis (MG) is an autoimmune disease

characterized by skeletal muscle fatigue and is directly

mediated by different autoantibodies against various com-

ponents of the neuromuscular junction, primarily the anti-

acetylcholine receptor (anti-AChR) antibody. The thymus

of individuals with MG contains numerous B-lymphocytes

producing antibodies. Thymic abnormalities including

thymic hyperplasia and thymoma may contribute to the

pathophysiology of MG, in view of the fact that[80% of

patients with early-onset MG present thymic hyperplasia,

particularly thymic follicular hyperplasia with ectopic

germinal centers (GCs), and 10–15% of MG patients pre-

sent with comorbid thymoma.1,2 Thymic hyperplasia is

characterized by the organization of B-lymphocytes into
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ectopic GCs or their distribution throughout the thymic

medulla. Thymic follicular hyperplasia with GCs signifi-

cantly contributes to MG pathogenesis.3,4 Thymoma is the

most frequent anterior mediastinal tumor originating from

thymic epithelial cells (TECs) in adults. Histologically, it is

primarily classified in accordance with World Health

Organization (WHO) guidelines as type A, AB, B1, B2,

and B3 thymoma in addition to other rare types. In general,

immature T cells are the most common cell types in thy-

moma, while B cells are present in small numbers and are

less prominent in the thymus. However, ectopic GCs

resulting from B-cell infiltration are usually found in thy-

moma during routine pathological diagnosis; this

phenomenon attracts our interest. Similarly, Lefeuvre et al.

have reported that presence of GCs in thymoma is a risk

factor facilitating the evaluation of the risk of MG,5 but the

cause of GCs formation has not been elucidated.

In general, chronic inflammation of the thymus caused

by a viral or bacterial infection may trigger the develop-

ment of autoimmunity, generally by activating the host

immune system and molecular mimicry, thereby con-

tributing to the pathogenesis of MG. Some studies have

demonstrated that intrathymus Epstein–Barr virus (EBV)

infection is an environmental risk factor for MG.6,7 How-

ever, an increasing number of studies have reported a lack

of evidence for EBV infection in the thymus of patients

with MG.8-10 Hence, the role of EBV in the pathogenesis of

MG remains controversial.

Human parvovirus B19 (B19V) is a small, nonen-

veloped, single-stranded DNA virus that is a member of the

genus Erythroparvovirus in the family Parvoviridae.11 It

has been reported that B19V is associated with various

autoimmune diseases, including systemic lupus erythe-

matosus, Hashimoto’s thyroiditis, and rheumatoid

arthritis.12-15 We have previously reported that B19V is

closely associated with thymic B-cell hyperplasia, the

presence of GCs, and thymic hyperplasia-associated MG.

Moreover, the B19V DNA or B19V capsid proteins VP1

and VP2 have been detected in only a few cases of thy-

moma as the control group.16 Simultaneously, anti-B19V

IgG antibodies are associated with MG in the serum of

patients with thymoma.17 Based on the aforementioned

findings and the vast diagnostic resources available on

thymoma, we aim to investigate the clinicopathological

characteristics of thymoma, especially the presence of

GCs, the expression of human B19V DNA and protein in

thymoma, and its association with MG.

MATERIALS AND METHODS

Tissue Samples

A total of 708 surgically resected specimens with thy-

moma were retrieved from the Department of Pathology

between January 2014 and December 2019. The study

protocol was approved by the Medical Ethics Commission

of Tangdu Hospital. Informed verbal or written consent

was obtained from all patients before surgery. Sixty-six

cases of normal thymus tissues were obtained as controls

from thymic tissue surgically resected for intrathoracic

nodular goiter, congenital heart disease, and thymic cyst.

All samples were fixed in 10% neutral formalin and

embedded in paraffin. All sections with thymoma were

carefully reviewed and diagnosed by three pathologists in

accordance with WHO guidelines. Furthermore, their

clinicopathological data including sex, age, presence of

GCs, and occurrence of MG were documented. MG was

clinically diagnosed by physicians, primarily on the basis

of the following characteristics: typical clinical manifes-

tation, positive response to cholinesterase inhibitors, and

decreased response to repetitive electrical stimulation of

the motor nerve.

DNA Extraction, Nested PCR, and TaqMan qPCR

Five 5-lm-thick tissue sections obtained from repre-

sentative paraffin blocks were deparaffinized in xylene and

rehydrated in a graded ethanol series. Subsequently,

genomic DNA was extracted using the TIANamp FFPE

DNA Kit (Tiangen, DP331, China) in accordance with the

manufacturer’s instructions and stored at - 20 �C until use.

Nested PCR was performed to amplify a region of the

B19V genome as previously described.15 Finally, the PCR

products were visualized by electrophoresis using a 4%

polyacrylamide gel, and a band at 173 bp was considered to

indicate a positive reaction.

TaqMan qPCR was performed as described by Knoll

Antje et al.18 using a method calibrated on the basis of

serial plasmid dilutions and tested with an international

B19V standard to confirm the results of nested PCR. The

sequences for two sets of primers and probes were from

two conserved regions of the B19V genome coding for

NS1 and VP2 proteins. Amplification was performed in a

20 lL reaction volume using 29 TaqMan Fast qPCR

Master Mix (Sangon Biotech, Shanghai, B639274).The two

reactions were carried out separately on a Cobas Z 480

system (Roche, USA). A sharp exponential rise of the

sigmoid curve compared with the relative horizontal line

was considered to indicate positive amplification in

fluorescence.
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Nested PCR and TaqMan qPCR were performed in

triplicate and included negative and positive controls.

Immunohistochemical Staining

Immunohistochemistry (IHC) was performed according

to the manufacturer’s instructions, and included primary

antibodies against mouse anti-B19V VP2 (1:50, Clone

R92F6, Merck Millipore/Abcam, USA/UK), CD20 (L26,

MXB�, China; 1:400, Clone EP459Y, Abcam, UK), CK19

(A53-B/A2.26, MXB�, China), CD4 (SP35, MXB�,

China), and Ki-67 (MIB-1, MXB�, China). Brown staining

of nuclei indicated positivity toward B19V VP2. Double

immunoenzyme staining was performed for CD20, CK19,

CD4, and B19V VP2 to identify the exact phenotype of

B19V VP2-positive cells. Red staining of nuclei indicated

positivity toward B19V VP2, and brown coloration at the

cell membrane indicated positivity for CD20, CK19, and

CD4.

Fluorescent Multiplex Immunohistochemistry

To further highlight cells with B19V VP2 positivity, two

cases of thymoma were analyzed using an AlphaTSA

Multiplex IHC Kit (Alpha X Biotech CO., LTD, Beijing,

China) according to the manufacturer’s manual. The main

procedures were as follows: first, after the slides were

deparaffinized in xylene, rehydrated in graded alcohol,

washed in distilled water, and retrieved in EDTA buffer,

the slides were blocked using antibody diluent/block; sec-

ond, the slides were incubated with primary antibody for 1

h and AlphaX Polymerase HRP Ms?Rb for 10 min at 37

�C; third, the fluorescent dyes included in the kit were used

for visualization. After each cycle of staining, heat-induced

epitope retrieval was performed to remove the former

antibodies. The labeling of CK19, CD20, and B19V VP2

was completed using the methods described above. Finally,

the slides were counterstained with DAPI for 5 min and

enclosed in Antifade Mounting Medium. The correspon-

dence between primary antibodies and fluorophores was

CK19 (XTSA520, Green), CD20 (XTSA570, Red), and

B19V VP2 (XTSA690, White).

ISH for Epstein–Barr Virus (EBV)

To determine whether EBV infection occurs in the

thymus of MG patients, EBV was detected via ISH for

EBV-encoded RNA (EBER) as gold standard,19 using the

Slide Denaturation & Hybridization System (ThermoBrite,

S500-24, USA) in accordance with the manufacturer’s

instructions (ZSGB-BIO, ISH-7001, China). EBER stain-

ing was considered positive if granular, brown reaction

products were found in the nucleus. EBER-positive nasal

NK/T-cell lymphoma tissue was used as a positive control.

Electron Microscopy

To provide more evidence for B19V infection in thy-

moma associated with MG, we randomly selected five

diffusely and strongly positive cases of thymoma and two

cases of thymoma negative for B19V VP2 to determine the

presence of B19V in TECs and/or B cells by electron

microscopy. In detail, a piece of tissue approximately 1

mm 9 1 mm 9 1 mm in size from the paraffin-embedded

tissue was first obtained. Then, the tissue was sequentially

deparaffinized in xylene, rehydrated in a graded ethanol

series, and washed in PB buffer. Finally, the cells were

fixed in 4% glutaraldehyde buffer for transmission electron

microscopy (Hitachi, HT7800, Japan).

Statistical Analysis

Data were analyzed using IBM SPSS 25.0 software for

Windows (SPSS Inc., Chicago, IL, USA). Differences in

clinical parameters between groups were analyzed using

Pearson’s chi-squared test and Fisher’s exact test. A two-

tailed P value \ 0.05 was considered to indicate statisti-

cally significant difference.

RESULTS

Clinicopathological Characteristics of 708 Cases

of Thymoma

In total, 708 patients with thymoma, including 361 men

and 347 women aged 15–77 years (mean age, 52 years;

peak, 50–59 years), were recruited from seven provinces in

China. Among these, 416 patients were aged C 50 years,

and 292 patients were aged \ 50 years (Supplementary

Table 1; Fig. 1A). The most common histological subtypes

of thymoma were AB, B2, B1, B3, and A, accounting for

35.6% (252/708), 28.4% (201/708), 16% (113/708), 8.6%

(61/708), and 8.6% (61/708) of the cases, respectively

(Supplementary Table 2; Fig. 1B). MG occurred in 33.2%

(235/708) of all the thymoma patients; these patients

(52.8%, 124/235) were significantly younger than those

without MG (35.5%, 168/473) (P\ 0.0001) (Supplemen-

tary Table 3; Fig. 2). MG occurrence peaked at 40–49 years

(Supplementary Table 1; Fig. 1A). Furthermore, the inci-

dence ratio was highest for type B2 thymoma among all

subtypes (47.2%, 111/235) (Supplementary Table 2;

Fig. 1B). Ectopic GCs were detected in 238 cases (33.6%,

238/708) and were localized in intratumor and/or tumor-

adjacent thymus tissues. The GCs occurrence ratio was

1648 L. Gong et al.



highest for type B2 thymoma (42.4%, 101/238). Further-

more, patients with GCs (51.3%, 122/238) were

significantly younger than those without GCs (36.2%,

170/470) (P = 0.0001). The presence of GCs in thymoma

patients with MG comorbidity (51.1%, 120/235) was sig-

nificantly higher than in those without MG (25%, 118/473)

(P \ 0.0001) (Supplementary Table 3; Figs. 1B and 2).

These results indicated that both MG and GCs primarily

occurred among thymoma patients aged \ 50 years and

that MG was associated with presence of ectopic GCs.

Detection of B19V DNA through Nested PCR

and TaqMan qPCR

A DNA fragment (predicted size 173 bp) corresponding

to B19V DNA was amplified as a marker of B19V infec-

tion in 38 (5.4%) of 708 thymomas (Supplementary

Tables 1, 2; Supplementary Fig. 1); however, no such

fragment was amplified in 66 normal thymus tissue sam-

ples. Furthermore, the positivity rate of B19V DNA was

significantly higher in thymoma harboring GCs (8.4%,

20/238) than among those without GCs (3.8%, 18/470)

(P = 0.011) (Supplementary Table 3; Fig. 2). However, no

significant difference was noted in MG, sex, or age of the

patients (Supplementary Tables 3, 4; Fig. 2). These results

indicated that B19V DNA was only associated with pres-

ence of ectopic GCs. In other words, B19V infection in the

thymus potentially contributed to the formation of ectopic

GCs, subsequently inducing MG.

The results of TaqMan qPCR were consistent with those

of nested PCR. In detail, 38 cases with nested PCR positive

amplification were positive for the VP2 genomic region but

negative for the NS1 genomic region. However, 66 normal

thymus tissue samples were negative for the VP2 and NS1

genomic regions.

Detection of B19V VP2 Proteins via IHC

and Fluorescent Multiplex IHC

IHC staining results demonstrated that 135 thymoma

specimens (19.1%, 135/708) were positive for B19V VP2,

with positive staining primarily observed in neoplastic
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FIG. 1 Percentage of patients with and without each parameter in

different age groups and subtypes of thymoma. A peak was observed

for patients with thymoma, thymoma-associated MG, and presence of

GCs in the 50–59, 40–49, and 40–49 year groups, respectively (A); a

peak was observed for patients with thymoma-associated MG, GCs,

B19V DNA positivity, and B19V VP2 positivity in type B2 thymoma

(B)
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TECs and ectopic GCs located in tumors and/or tumor-

adjacent thymic tissues (Supplementary Tables 1, 2; Figs. 1

and 3). Of course, only thymomas with neoplastic TEC

staining were considered positive. Moreover, the positivity

ratio was highest for type B2 thymoma, followed by types

B1, B3, and AB thymoma (Supplementary Table 2;

Fig. 1B). However, only neoplastic TECs from type A

thymoma were negative (Fig. 4A), as were 66 samples of

normal thymus tissue. In addition, the positivity rate was

significantly higher in thymoma with MG (25.1%, 59/235)

than in thymoma without MG (16.1%, 76/473) (P = 0.004).

Similarly, the positivity rate was significantly higher in

thymoma patients with GCs (24.8%, 59/238) than in those

without GCs (16.2%, 76/470) (P = 0.006) (Supplementary

Table 3; Fig. 2). The positivity rate was slightly, but not

significantly, higher among patients aged \ 50 years

FIG. 2 Differences in clinical

parameters in thymoma patients

with and without MG, GCs, and

B19V DNA amplification.

Patients with MG or ectopic

GCs were significantly younger

than those without MG (P\
0.0001) or GCs (P = 0.0001). In

addition, significantly more GCs

were detected in thymoma

patients with MG than in those

without MG (P\ 0.0001). The

positivity rate of B19V DNA

was only associated with

presence of GCs (P = 0.011).

The positivity rate of B19V VP2

was significantly higher in

thymoma patients with MG or

GCs than in those without MG

(P = 0.004) or GCs (P = 0.006)
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FIG. 3 Expression and cellular distribution of B19V VP2 protein in

different subtypes of thymomas and germinal centers (GCs). The

nuclei positive for the B19V VP2 protein were mainly found in

ectopic GCs (A, 1009; B, 4009) and neoplastic TECs in the different

subtypes of thymoma: type B1 (C, 4009), type B2 (D, 4009), type

B3 (E, 4009), and type AB (F, 4009)

FIG. 4 Results of IHC, double-labeled IHC, and ISH. Neoplastic

TECs from type A thymoma were negative for B19V VP2 (A, 4009).

Double-labeled immunohistochemical staining for CD20, CK19,

CD4, and B19V VP2 showed that the nuclei of B cells from

ectopic GCs (B, 4009) and neoplastic TECs (C, 4009) were strongly

and diffusely positive for B19V VP2. Simultaneously, the cell

membrane of B cells from ectopic GCs and neoplastic TECs was

positive for CD20 (B, 4009) and CK19 (C, 4009) but negative for

CD4 (D, 4009). In addition, no positive cases were obtained for

EBER (E, 4009), the positive control of EBER (F, 4009)

Human Parvovirus B19 May Be… 1651



(22.3%, 65/292) than among those aged C 50 years

(16.83%, 70/416) (P = 0.070). Furthermore, no significant

difference in sex was observed (P = 0.118). However, the

positivity ratio of B19V VP2 was not associated with

positivity (23.7%, 9/38) or negativity (18.8%, 126/670) for

B19V DNA (P = 0.457) (Supplementary Table 4). These

results indicate that B19V VP2 is associated with MG and/

or presence of GCs, further indicating that B19V infection

in the thymus potentially contributes to the formation of

ectopic GCs, subsequently promoting MG pathogenesis.

Double-labeled immunohistochemical staining using

CD20, CK19, CD4, and B19V VP2 showed that the nuclei

of B cells from ectopic GCs and neoplastic TECs were

strongly positive for B19V VP2. Simultaneously, the cell

membranes of B cells from ectopic GCs and neoplastic

TECs were positive for CD20 (Fig. 4B) and CK19

(Fig. 4C), respectively, but negative for CD4 (Fig. 4D).

However, only a very few thymus reticular epithelial cells

were weakly positive for B19V VP2 in normal thymus

tissues. Similarly, the results of fluorescent multiplex IHC

were consistent with those of double-labeled immunohis-

tochemical staining using CD20, CK19, and B19V VP2

(Fig. 5A–J).

Detection of EBV via ISH

To elucidate whether EBV infection exists in thymoma

tissues, we observed the expression of EBER in 708 thy-

moma samples via ISH. The results demonstrated that none

of the cases were positive for EBER compared with the

positive control (Fig. 4E, F).

Electron Microscopy

Electron microscopy showed the presence of B19V

particles (diameter range 19.7–25.6 nm) in the nuclei of

TECs and B cells from GCs in all five cases of thymoma

with diffuse and strong positivity for B19V VP2 (Fig. 6A–

F) but not in two cases of thymoma with immunohisto-

chemical negativity for B19V VP2 (Fig. 6G–I), confirming

B19V infection.

DISCUSSION

Thymic abnormalities including thymic hyperplasia and

thymoma play a crucial role in MG pathogenesis, and

approximately 30% of patients with thymoma have

comorbid MG; however, this rate varies widely from 17%

to 67%.20,21 Recently, Lefeuvre et al. reported an extraor-

dinarily high rate (78.7%) of MG among patients with

thymoma. Moreover, 58.8% of the patients presented

ectopic GCs. Thus, they conclude that the presence of

ectopic GCs is a potential risk factor for MG occurrence.5

In this study, we found that the positivity rate of MG was

33.2% in thymoma, which is consistent with that reported

in most studies. Simultaneously, we noticed that the pres-

ence of GCs in patients with MG comorbidity (51.1%) was

significantly higher than in those without MG (25%),

CK19 CD20 B19V VP2 DAPI Merge

FIG. 5 Results of fluorescent multiplex IHC. Similarly, the results of

fluorescent multiplex IHC were consistent with those of double-

labeled immunohistochemical staining using CD20, CK19, and B19V

VP2 (A–J). Namely, the nuclei of B cells (C) and neoplastic TECs

(H) were positive for B19V VP2. Simultaneously, the cell membrane

of B cells from ectopic GCs and neoplastic TECs was positive for

CD20 (B, G) and CK19 (A, F), respectively. Panels E and J showed

that some cells were positive for both B19V VP2 and CD20, and other

cells were positive for both B19V VP2 and CK19

1652 L. Gong et al.



confirming the above conclusion. Namely, the presence of

ectopic GCs may contribute to the occurrence of thymoma-

associated MG. In addition, we found that patients with

MG or GCs were significantly younger than those without

MG or GCs. More interestingly, type B2 thymoma regis-

tered the highest incidence ratio of MG and GCs among all

types of thymoma. However, the causes of abnormal B-cell

proliferation and the formation of ectopic GCs in thymoma

remain unknown.

This is the primary feature of target organs characterized

by chronic inflammation with B-cell infiltration, especially

ectopic GCs formation, in numerous organ-specific

autoimmune diseases, and it is also a significant feature of

the thymus of MG patients.22,23 Infection with pathogens

such as viruses or bacteria is the primary factor leading to

chronic thymus inflammation. EBV is one of the most

concerning viruses in the literature regarding the

correlation between viruses and MG with thymus abnor-

malities, but the role of EBV in the pathogenesis of MG

remains controversial.6-10 Thus, in this study, we mainly

explored the role of B19V, a virus playing a similar role to

EBV in autoimmune diseases, in thymoma, and further

investigated EBV status. B19V was first discovered by

Cossart et al. in 1975.24 However, its effect on humans can

be traced back hundreds or even thousands of years.25

Moreover, despite their strong erythroid tropism and rela-

ted acute disease association, B19V RNA or capsid

proteins have been reported in many other nonerythroid

tissues, including thymus tissues.13-16 The expression of

B19V in the above tissues was also associated with specific

changes in the expression of inflammatory genes, demon-

strating that persistent B19V expression can impact the

cellular microenvironment. In addition, an increasing

number of studies have demonstrated that B19V is

FIG. 6 Electron microscopy of seven cases of thymoma. B19V

particles were found in the nuclei of TECs (A, 921.0k; B, 970.0k; C,

9170k) and B cells (D, 921.0k; E, 970.0k; F, 9170k) from GCs in

five thymomas that were diffusely and strongly positive for B19V

VP2, but no B19V particles were found in the nuclei of TECs (G,

921.0k; H, 9170k; I, 9170k) in two thymomas that were

immunohistochemically negative for B19V VP2, further confirming

the presence of B19V infection
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associated with various autoimmune diseases.12-15 Simul-

taneously, based on our previous findings, including the

relationship between anti-B19V IgG antibodies in the

serum of patients with thymoma and MG and the presence

of B19V DNA and B19V VP2 in a few cases of thy-

moma,16,17 we performed further research with an

abundant number of samples using nested PCR, TaqMan

qPCR, immunohistochemistry, fluorescent multiplex

immunohistochemistry, and electron microscopy. The

results demonstrated that the pathogenesis of MG is closely

associated with the presence of GCs, and B19V infection is

a plausible essential contributor to formation of ectopic

GCs in thymoma. Concordant with the results of a previous

study that virus RNA might persist in lymphoid tissue

accompanied by ongoing proliferation of GCs,26 we found

the presence of both B19V DNA and protein in the pro-

liferative GCs of thymoma-associated MG. These results

further indicate that B19V infection might cause B-cell

proliferation and formation of ectopic GCs, subsequently

leading to thymoma-associated MG. Moreover, it has

recently been reported that formation of GCs markedly

antagonizes other viral infections, such as influenza vac-

cines and coronavirus disease 2019 (COVID-19)

antibodies.27-29 Thus, B19V infection of B cells and ecto-

pic GCs in the thymus with MG provides another robust

example of the association between viral infection and

formation of GCs and extends current understanding of the

pathogenesis of this autoimmune disease.

Surprisingly, neoplastic TECs from type A thymoma

displayed negative staining for B19V VP2; however, types

B2, B1, B3, and AB thymoma were positive, and the

results were confirmed by electron microscopy. Moreover,

the positivity ratio peaked for type B2 thymoma, followed

by types B1, B3, and AB thymoma. These results indicate

that B19V VP2 expression is primarily associated with

thymoma originating in cortical epithelial cells. In other

words, B19V potentially affects TECs in addition to B cells

in ectopic GCs. However, further studies are required to

elucidate the underlying mechanism.

Of course, our studies present some unexplained results

and limitations. For example, B19V messenger RNA

(mRNA) expression levels were not provided in the study.

In fact, we have tried our best to observe it by various

methods described in literature, but they do not seem fea-

sible. In addition, the positivity rate of B19V DNA and

protein expression is inconsistent. We speculate that there

may be two possible explanations. One is that this may be

due to clearance of B19V owing to superinfection with a

second virus or because of the persistence of viral antigens

in lymphoid tissues during the immunological memory

phase, as previously described by Wietzke et al. and

Klenerman et al.30,31 The other is that B19V may cause

MG only when viral replication and/or load reaches a

certain threshold. In fact, this phenomenon was noted not

only in studies of B19V but also in those of other viruses,

especially hepatitis B virus.32-37 Thus, more research is

required to elucidate this phenomenon.

In conclusion, this study shows that B19V infection may

cause B-cell proliferation and formation of ectopic GCs,

subsequently leading to thymoma-associated MG. To the

best of the authors’ knowledge, this is the first report of the

presence of B19V in TECs and ectopic GCs, revealing an

unrecognized etiopathogenic mechanism for thymoma-as-

sociated MG. However, further studies are required to

elucidate the role of B19V in thymic abnormalities with

MG.
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