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Background:  Both temporal changes in imaging characteristics of lymphadenopathy on US scans after COVID-19 vaccination and
expected duration of radiologically evident lymphadenopathy remain uncertain.

Purpose:  To longitudinally evaluate COVID-19 vaccine—associated lymphadenopathy on axillary US scans at various time intervals
in both messenger (mMRNA) and vector vaccine recipients.

Materials and Methods:  This prospective cohort study was conducted between March 2021 and January 2022. The participants were
asymptomatic women without breast cancer who had received COVID-19 vaccination. Serial follow-up US was performed in
women with lymphadenopathy. The following variables were assessed: cortical thickness, number of lymph nodes, morphologic
characteristics, and Doppler signal. Temporal changes in cortical thickness and number of lymph nodes during follow-up were
assessed using a linear mixed model.

Results:  Ninety-one women with lymphadenopathy in the vaccinated arm had undergone a total of 215 serial US examinations
(mean age, 44 years = 13 [SD]). Fifty-one participants had received a vector vaccine (ChAdOx1 nCoV-19 vaccine) and 40 had
received an mRNA vaccine (BN'T162b2 vaccine [7 = 37] and mRNA-1273 vaccine [z = 3]). Three of the 91 women were lost to
follow-up; thus, 88 women underwent serial US. Complete resolution of axillary lymphadenopathy was observed at a median of 6
weeks after vaccination (range, 4—7 weeks) in 26% of women (23 of 88). Among 49 women with follow-up US at a median of 12
weeks after vaccination (range, 8—14 wecks), persistent lymphadenopathy was observed in 25 (51%). During the follow-up period,
the cortical thickness gradually decreased (P < .001) over time regardless of vaccine type; however, values were higher in recipients
of the mRNA vaccine than in recipients of the vector vaccine (P = .02).

Condusion: COVID-19 vaccine-associated axillary lymphadenopathy frequently persisted for more than 6 weeks on US scans.
Lymphadenopathy should be interpreted considering vaccine type and time elapsed since vaccination. Follow-up US examination

at least 12 weeks after vaccination may be reasonable, particularly for recipients of the messenger RNA vaccine.
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Vaccination—associated reactive lymphadenopathy is
considered a local adverse reaction to vaccination,
more commonly observed after receiving COVID-19
messenger RNA (mRNA) vaccines (1-5). Similar to oth-
er vaccines, mRNA vaccines depend on the migration of
antigen-presenting cells to the regional lymph nodes to
elicit cellular (T-cell) and humoral (B-cell) immune re-
sponse. Compared with protein-based vaccines, mRNA
vaccines elicit more robust and rapid B-cell proliferation
in the germinal center of lymph nodes, likely increasing
the incidence of lymphadenopathy (6,7). Two representa-
tive mRNA COVID-19 vaccines, mRNA-1273 vaccine
(Moderna) and BNT162b2 vaccine (Pfizer-BioNTech),
induce host immune cells to produce antigens, whereas
the attenuated viral vector ChAdOx1 nCoV-19 vaccine
(AstraZeneca) induces an immune response mechanism
(8). According to the Centers for Disease Control and

Prevention, axillary swelling or tenderness has been
reported in up to 16% of recipients of the mRNA-1273
vaccine (9).

With increasing COVID-19 vaccine availability and
more widely vaccinated patient populations, we an-
ticipate that more patients will demonstrate subclinical
lymphadenopathy on images. Several reports have iden-
tified COVID-19 vaccine—associated lymphadenopathy
with mammography (3% of recipients of COVID-19
vaccine) (4) or PET/CT (1%-45% of recipients of
the mRNA vaccine) (10). Imaging findings of axillary
lymphadenopathy following COVID-19 vaccination
have been reported in up to 15% and 57% of recipients
of the BNT162b2 vaccine and mRNA-1273 vaccine,
respectively (11). A recent study reported that 44% of
patients who had received COVID-19 vaccination and
underwent breast imaging had lymphadenopathy with
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Abbreviation
mRNA = messenger RNA

Summary

COVID-19 vaccine-associated lymphadenopathy should be interpreted
considering the vaccine type and interval from vaccination; follow-up
US examination at least 12 weeks after vaccination may be reasonable,
particularly for recipients of the messenger RNA vaccine.

Key Results

= In a prospective study of 88 healthy women with COVID-19
vaccine-associated lymphadenopathy undergoing serial US,
complete resolution of lymphadenopathy was observed at a
median of 6 weeks (range, 47 weeks) after vaccination in 23
women (26%); of 49 women with follow-up US at a median
of 12 weeks (range, 8—14 weeks) after vaccination, persistent
lymphadenopathy was observed in 25 (51%).

= Lymph node cortical thickness exhibited higher values in recipients
of the messenger RNA vaccine than in recipients of the vector
vaccine (P = .02) and gradually decreased over time (2 < .001).

at least one imaging modality—9% of lymphadenopathy was
identified with mammography alone, 61% with US alone, and
30% with both examinations (12). However, there is still no
information on the temporal changes of these imaging charac-
teristics and the duration for which the enlarged nodes remain
asymmetrically detectable, as well as the time to lymphadenop-
athy resolution on US scans following COVID-19 vaccination
(1). There is also a lack of consensus regarding the manage-
ment recommendations for COVID-19 vaccine—associated
lymphadenopathy observed on images, ranging from screening
at least 6 weeks after (1,2) or at least 12 weeks after (5,12,13)
the second vaccination dose. This uncertainty causes diagnostic
confusion for clinicians and radiologists, resulting in unwar-
ranted biopsies and follow-up examinations. Because US is the
primary method for axillary lymph node evaluation that can be
repeatedly performed without concerns of radiation or contrast
material, we hypothesized that serial follow-up axillary US ex-
aminations after COVID-19 vaccination would provide more
information on the temporal imaging changes and the optimal
timeline for resolution.

Therefore, the purpose of our study was to prospectively and
longitudinally evaluate COVID-19 vaccine-associated lymph-
adenopathy at axillary US performed at various time intervals,
in both mRNA and vector vaccine recipients.

Materials and Methods

Participants

The institutional review board of the Seoul National University
Hospital approved this prospective, observational, longitudinal
single-center study, and written informed consent was obtained
from all participants. The first COVID-19 vaccination was ad-
ministered in the Republic of Korea on February 26, 2021, for
high-risk groups, which included people aged 65 years or older,
persons with disability, and health care workers, and the large-
scale vaccination for the general population began in May 2021
(14). Thus, between March 2021 and January 2022, we pro-
spectively recruited healthy recipients of the COVID-19 vaccine
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aged 18 years or older who were willing to undergo screening of
bilateral breasts and axillae after COVID-19 vaccination or who
presented with axillary lymphadenopathy detected at screening
or follow-up US examinations. All patients were required to have
negative or benign findings within 6 months on the breast and
axillary US examination. Recruitment was consecutive and was
censored when participants showed near or complete resolution
of axillary lymphadenopathy at follow-up US examinations.
Women were included in this study if they (2) had received
COVID-19 vaccination, (4) had no symptoms in both breasts,
(¢) had no recent diagnosis of breast cancer, and () provided
voluntary, written informed consent for follow-up examinations.
We excluded women with known current malignancy and those
who were pregnant or lactating,.

Imaging Protocol

One of the two attending breast radiologists (J.M.C. and
S.M.H., with 15 and 9 years of experience in breast imaging,
respectively) performed axillary US using a 13-5-MHz linear
transducer (Arietta 850; Fujifilm Health Care). Details on stan-
dard axillary US, including B-mode and color Doppler images,
are described in Appendix E1 (online).

Image Analysis

The following criteria were used to identify suspicious lymph
nodes: cortical abnormalities, including focal or diffuse thick-
ening greater than 3 mm with partial or complete fatty hilum
loss or rounded hypoechoic lymph node, and nonhilar or diffuse
flow (15). At the first US examination after vaccination, the radi-
ologists counted the number of lymph nodes and identified the
most suspicious lymph node among them. The maximal cortical
thickness, morphologic characteristics, and Doppler findings of
the most suspicious lymph node were assessed and recorded. We
recommended follow-up US at 4-6 weeks from vaccination after
the detection of suspicious lymph nodes. An additional US ex-
amination at 10—12 weeks from vaccination was recommended
for unresolved lymph nodes at the previous follow-up. When
the participant requested an earlier or later visit for follow-up
examination, we allowed a minimum of 1-2 weeks between the
specified follow-up examinations. Thus, despite recommended
follow-up examinations at 4-6 weeks and an additional 10-12-
week interval for unresolved lymph nodes, variability in time
from vaccination persisted. Hence, we calculated the time be-
tween follow-up US and vaccination and categorized the sched-
uled visits accordingly (=2, >2 and =4, >4 and =6, >6 and
=10, >10 and =12, and >12 weeks). During the follow-up
US examination, the radiologists reviewed the recent preceding
US findings to identify the most suspicious lymph node that
was detected previously and repeatedly assessed maximal cortical
thickness, morphologic characteristics, and Doppler findings of
the predefined lymph node and the number of visible lymph
nodes to evaluate temporal changes. The same imaging assess-
ment was performed for lymph nodes in the contralateral ax-
illa. The complete resolution of axillary lymphadenopathy was
defined as normalization of cortical thickness showing a differ-
ence less than 0.5 mm compared with the contralateral side or
prevaccination state for previously available US images. Among
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US Evaluation of Axillary Lymphadenopathy Following COVID-19 Vaccination

106 women were screened with US

50 women with
screening purposes

56 women with known axillary
lymphadenopathy on US

I
15 women without axillary lymphadenopathy (all vector vaccine recipients)

Y

91 women with axillary lymphadenopathy included
51 vector, 40 mRNA vaccine recipients

w

|
women without follow-up US (2 vector, 1 mRNA vaccine recipients)
4

88 women with follow-up US after vaccination
49 vector, 39 mRNA vaccine recipients

l

!

}

23 women with complete resolution of lymphadenopathy at median
6 weeks (range 4-7) after vaccination

65 women with follow-up US recommended at 10-12 weeks after vaccination

33 vector, 32 mRNA vaccine recipients

16 vector, 7 mRNA vaccine recipients

16 women without follow-up US (9 vector, 7 mRNA vaccine recipients)
v

49 women with follow-up US at median 12 weeks (range 8-14) after
vaccination 24 vector, 25 mRNA vaccine recipients

|
! }

24 women with complete resolution of lymphadenopathy
15 vector, 9 mRNA vaccine recipients

25 women with persistent lymphadenopathy
9 vector, 16 mRNA vaccine recipients

Figure 1:  Flowchart displays participant inclusion. mMRNA = messenger RNA.

variable imaging parameters we obtained during different time
intervals, the maximal cortical thickness was selected as the main
imaging feature for assessment of normalization of lymphade-
nopathy because it is a quantitative feature that is less subject to
observer variability, directly shows the temporal changes of its
values, and is easily applicable in clinical practice.

Data Collection

We recorded the age, vaccine type (vector vaccine = ChAdOx1
nCoV-19 vaccine, mRNA vaccine = BNT162b2 vaccine and
mRNA-1273 vaccine), time from vaccination (interval between
US and vaccination), dose (first or second), injection site (left or
right arm), and associated symptoms.

Statistical Analysis

The temporal changes of axillary lymphadenopathy on US im-
ages obtained from recipients of vector vaccine and recipients of
mRNA vaccine were analyzed. Due to variability in time inter-
vals from vaccination and inconsistency in the number of fol-
low-up examinations from participants, we used a linear mixed
model of our repeated measured data acquired from scheduled
visits to estimate the interaction between vaccine and time effect,
vaccine effect, and time effect on cortical thickness and num-
ber of lymph nodes. We used the least squares mean with SE
for comparison. Differences between categorical and continu-
ous variables of recipients of vector and mRNA vaccines were
compared using the x? or Fisher exact test and Student 7 test,
respectively. Statistical analyses were performed using R statisti-
cal software (version 4.1.2; The R Foundation). Statistical sig-
nificance was set at P < .05.
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Results

Participant Characteristics

A total of 106 eligible women were screened using US to identify
axillary lymphadenopathy at the first visit. Of 106 women, 50
(47%) underwent US for screening purposes after COVID-19
vaccination and 56 (53%) underwent US because axillary lymph-
adenopathy was detected at screening or follow-up US examina-
tions. Of the 50 women who volunteered for screening purposes,
35 (70%) showed axillary lymphadenopathy within 1 week of
vaccination. All 15 women who did not develop lymphadenopa-
thy had received the vector vaccine; thus, they did not undergo
further US examination. Ninety-one women exhibiting lymph-
adenopathy in the vaccinated arm were included and underwent
215 serial axillary US examinations (median number of examina-
tions, three; IQR, two to three). The mean interval = SD be-
tween vaccination and the last follow-up image acquisition was
8.9 weeks * 3.2 (range, 4-16 weeks) (Fig 1). Fifty-one women
had received a vector vaccine (ChAdOx1 nCoV-19 vaccine), and
40 had received an mRNA vaccine (BN'T162b2 vaccine [# = 37]
and mRNA-1273 vaccine [# = 3]). Table 1 lists the baseline and
clinical characteristics of participants. Further details are presented
in Appendix E1 (online).

Effect of Vaccine Type and Time on COVID-19
Lymphadenopathy

Of the 91 women, 88 underwent serial follow-up US examina-
tions after vaccination; temporal changes could not be evaluated
in three women because they were lost to follow-up. Of these
88 women, complete resolution of axillary lymphadenopathy
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Table 1: Summary of Demographic and Clinical
Characteristics of Women Receiving the COVID-19
Vaccination
Vector mRNA

Characteristic Vaccine Vaccine P Value
No. of women 51 40 .
Median age (y)* 38 (33-53) 46 (38-58) .13
Vaccine type

ChAdOx1 nCoV-19 51 (100) NA

(AstraZeneca)

BNT162b2 NA 37 (92)

(Pfizer-BioNTech)

mRNA-1273 (Moderna) NA 3 (8)
Vaccine dose .30

First dose 9 (18) 4 (10)

Second dose 42 (82) 36 (90)
Site .50

Right arm 4(8) 5(12)

Left arm 47 (92) 35 (88)
Systemic adverse reaction .05

after vaccination

None 21 (41) 8 (20)

Fever 9 (18) 10 (25)

Headache and/or nausea 8 (16) 9(22)

Muscle pain 11 (21) 10 (25)

Pain at the injection site 0 2(5)

Axillary swelling 2 (4) 0

Redness at the 0 1(3)

injection site
No. of

US examinations

Total 118 97 43

=2 wk 39 (33.1) 34 (35)

>2 and =4 wk 9 (7.6) 4 (4.1)

>4 and =6 wk 44 (37.3) 30 (31)

>6and =10 wk 4 (3.4) 9(9.3)

>10 and =12 wk 19 (16.1) 17 (18)

>12 wk 3(2.5) 3(3.1)
Note.—Except where indicated, data are numbers of
participants, with percentages in parentheses. Differences
between categorical and continuous variables of recipients of
vector and mRNA vaccines were compared using the x? or Fisher
exact test and the Student # test, respectively. mRNA = messenger
RNA, NA = not applicable.
* Numbers in parentheses are the IQR.

was observed at a median of 6 weeks (range, 4—7 weeks) in 23
women (26%; 16 of 49 vector vaccine recipients [33%] and
seven of 39 mRNA vaccine recipients [18%]) (Fig 1). Lymph
nodes were not resolved in 65 women (33 vector and 32 mRNA
vaccine recipients), warranting an additional follow-up at 10—
12 weeks. Follow-up US was performed at a median of 12 weeks
(range, 8-14 weeks) for 49 women (24 vector and 25 mRNA
vaccine recipients), and complete resolution was observed in 24
of the 49 women (49%; 63% [15 of 24] of vector vaccine re-
cipients and 36% [nine of 25] of mRNA vaccine recipients).

Radiology: Volume 305: Number 1—October 2022 a radiology.rsna.org

Ha et al

In contrast, persistent lymphadenopathy was observed in 25
of the 49 women (51%; 38% [nine of 24] of vector vaccine
recipients and 64% [16 of 25] of mRNA vaccine recipients).
Three women underwent further clinical follow-up after 12
weeks, and complete resolution was observed in two vector vac-
cine recipients and one mRNA vaccine recipient at 13 and 16
weeks, respectively. There were no women in whom suspicious
lymphadenopathy was aggravated or biopsy was performed. In
our linear mixed model analysis, overall vaccine effect on corti-
cal thickness was significantly higher in recipients of the mRNA
vaccine than in recipients of the vector vaccine (P = .02) and
the time effect on gradual decrease of cortical thickness was sig-
nificant (P < .001), although interaction between vaccine type
and time effect was not (P = .14). With regard to the number of
lymph nodes, interaction between vaccine type and time effect
on number of lymph nodes was significant (P = .002) along
with higher numbers observed in recipients of the mRNA vac-
cine (P = .02), with a gradual decrease over time (P < .001)
(Table 2; Figs 2, 3).

Temporal Changes to US Findings of COVID-19
Lymphadenopathy

All 91 women showed ipsilateral axillary lymph node with
focal or diffuse cortical thickening greater than 3 mm, and
the cortical thickness was largest within 2 and 2—4 weeks fol-
lowing mRNA (mean, 5.3 mm = 0.2) and vector (mean, 4.3
mm * 0.3) vaccine administration, respectively (Table 2). At
2 weeks after vaccination in recipients of mRNA and vector
vaccines, the mean numbers of lymph nodes (£SE) were 6.0
* 0.3 and 3.9 £ 0.3, respectively. In most cases, fatty hilum
of ipsilateral axillary lymph node was preserved. Suspicious
morphologic characteristics including fatty hilum loss (partial
or complete) or rounded hypoechoic features were noted in
4.2% of US examinations (five of 118) in five recipients of
the vector vaccine and 9.3% of US examinations (nine of 97)
in six recipients of an mRNA vaccine. Nonhilar or diffuse in-
creased blood flow of lymph nodes was noted in 13.6% of
US examinations (16 of 118) in 14 recipients of the vector
vaccine and 42% of US examinations (41 of 97) in 25 recipi-
ents of mRNA vaccine. These findings were predominantly
observed within 2 weeks in both vaccine types (Table 3).
Among 118 US examinations in recipients of the vector vac-
cine, 7.7% (three of 39 examinations) showed morphologic
abnormalities and 31% (12 of 39 examinations) showed
abnormal Doppler signals within 2 weeks. Among 97 US
examinations in recipients of the mRNA vaccine, 15% (five of
34 examinations) showed morphologic abnormalities within
2 weeks and 68% (23 of 34 examinations) showed abnormal
Doppler signals within 2 weeks.

Discussion
With increasing COVID-19 vaccine availability and more

widely vaccinated patient populations, we anticipate that more
patients will demonstrate subclinical lymphadenopathy at im-
aging. However, the information on the temporal changes of
lymphadenopathy following COVID-19 vaccination according
to the vaccine types is still limited. We therefore prospectively
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US Evaluation of Axillary Lymphadenopathy Following COVID-19 Vaccination

Table 2: Cortical Thickness and Number of Axillary Lymph Nodes at US after COVID-19 Vaccination

Total No. of US Examinations* Cortical Thickness (mm) No. of Lymph Nodes

Time between Vector Vaccine mRNA Vaccine  Vector mRNA Vector mRNA

Vaccination and US (wk) (2 =118) (n=97) Vaccine Vaccine Vaccine Vaccine

=2 39 (33.1) 34 (35) 4.0 = 0.2 53*0.2 39*0.3 6.0 £0.3
>2and =4 9(7.6) 4 (4.1) 43*0.3 4.6 £0.5 3.7*0.5 4.5+0.7
>4 and =6 44 (37.3) 30 (31) 32*0.2 3.6 £0.2 3.7 £0.2 4.6 0.3
>6and =10 4 (3.4) 9(9.3) 2.6 0.5 3.1%03 35%0.7 42+0.5
>10and =12 19 (16.1) 17 (18) 2.5*0.2 3.2*0.3 33+0.3 3.8+ 0.4
>12 3 (2.5) 3(3.1) 2.4 *0.6 2.7 0.6 35*0.7 4.1 *0.7

Note.—Except where indicated, data are means = SEs. We used a linear mixed model of our repeated measured data acquired from
scheduled visits to estimate the interaction between vaccine and time effect, vaccine effect, and time effect on cortical thickness and number
of lymph nodes. Overall vaccine effect on cortical thickness was significantly higher in recipients of the mRNA vaccine than in recipients
of the vector vaccine (P = .02), and the time effect on gradual decrease of cortical thickness was significant (2 < .001) although interaction
between vaccine type and time effect was not (P = .14). Regarding the number of lymph nodes, interaction between vaccine type and time

* Data are numbers of examinations, with percentages in parentheses.

effect on number of lymph nodes was significant (P = .002). Higher numbers of lymph nodes were observed in recipients of the mRNA
vaccine (P = .02) with a gradual decrease over time (P < .001). mRNA = messenger RNA.
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Figure 2: Graphs show changes in (A) temporal cortical thickness and (B) number of lymph nodes over time between the recipients of a messenger RNA (mRNA)

vaccine (BNT162b2 [n = 37] and mRNA-1273 [n = 3]) and a vector vaccine (ChAdOx1 nCoV-19 [n= 51]). (A) Lymphadenopathy was most commonly observed in
the first 2 weeks of mRNA vaccine administration, with larger corfical thickness (mean, 5.26 mm =% 0.2). Lymphadenopathy was most commonly observed 2-4 weeks after
vector vaccination, with lower corfical thickness (mean, 4.35 mm = 0.3). The corfical thickness of lymph nodes gradually decreased over fime regardless of vaccine type;
nonetheless, its thickness was higher in recipients of the mRNA vaccine than in recipients of the vector vaccine. (B) The number of lymph nodes was higher in recipients of
the mRNA vaccine than in recipients of the vector vaccine (mean, .03 nodes = 0.3 vs 3.9 nodes =+ 0.3) and gradually decreased regardless of vaccine type. A linear

mixed model was established to estimate the fime effect on cortical thickness and number of lymph nodes.

and longitudinally evaluated COVID-19 vaccine—associated
ipsilateral lymphadenopathy. Among 88 women who under-
went serial US, complete resolution of axillary lymphadenopa-
thy occurred at a median of 6 weeks in only 23 women (26%).
Among 49 women with follow-up US at a median of 12 weeks,
persistent lymphadenopathy was observed in 25 (51%) and
lasted up to 16 weeks after vaccination. The cortical thickness
of the ipsilateral axillary lymph node was largest within 2 and
2—4 weeks following messenger RNA (mRNA) vaccine (mean,
5.3 mm = 0.2) and vector vaccine (mean, 4.3 mm * 0.3)

administration, respectively, with higher values in recipients
of the mRNA vaccine than in recipients of the vector vac-
cine. Furthermore, suspicious morphologic characteristics and
Doppler signal, as well as increased numbers of lymph nodes,
were predominantly observed within 2 weeks with both vac-
cine types, with higher values and incidence in recipients of
mRNA vaccine.

Our study elucidated the temporal changes of COVID-19
vaccine—associated lymphadenopathy at axillary US and op-
timal follow-up timing. Although imaging follow-up is not
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1st week after vaccination

6t week after vaccination

Figure 3: Images in a 43-year-old asymptomatic woman without breast cancer and unilateral left axillary adenopathy after messenger RNA

12t week after vaccination

COVID-19 vaccination. Axial US images of the left axilla show two enlarged lymph nodes (arrow, top; arrowhead, bottom). (A) US scan obtained
within the 1st week of BNT162b2 vaccination shows the cortex measuring up to 7.7 mm (arrowhead). (B, €) Follow-up US images obtained within

6 weeks (B) and 12 weeks (€] show decreased axillary lymphadenopathy of variable degrees, with the cortex measuring up to 5.7 and 3.4 mm

(arrowhead), respectively.

recommended for axillary adenopathy after vaccination in
healthy women, cautious interpretation may be needed in those
with recently diagnosed breast cancer (3) or in asymptomatic
patients with a history of cancer undergoing monitoring for re-
currence (16). In patients with a new or active cancer diagnosis,
reactive lymphadenopathy cannot be easily distinguished from
metastatic disease by using their morphologic characteristics or
location (3,17). Different time effects on complete resolution at-
tributed to vaccine administration provide clues for deciding the
time for follow-up examination or directly proceeding to biopsy in
women with higher risk of metastatic lymphadenopathy; thus, our
findings can be especially helpful for determining optimal man-
agement for women who have recently diagnosed breast cancer
or personal history of breast cancer. Indeed, the timing of the rec-
ommended follow-up imaging is debatable. The National Com-
prehensive Cancer Network recommends scheduling screening
examinations before the first COVID-19 vaccination or 4-6 weeks
after the second dose, postponing the short-interval follow-up for
4-6 weeks after the final dose (18). A previous study reported that
the incidence of COVID-19 vaccine-associated lymphadenopa-
thy at mammography decreased over time, disappearing more
than 28 days after vaccination (4), thereby supporting the recom-
mendations from the Society of Breast Imaging (2). However, the
European Society of Breast Imaging recommends imaging in cases
of axillary lymphadenopathy at least 12 weeks from the second
vaccine dose in patients without a history of breast cancer (5),
which was consistent with our study results. In a recent study, the
time to resolution of reactive lymphadenopathy varied, with per-
sistent axillary lymphadenopathy observed up to 43 weeks after
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vaccination (12), which led to the suggestion of no need for
short-term follow-up imaging. Considering the extended time
to resolution, short-term follow-up imaging examination within
6 weeks is not helpful in making a differential diagnosis of
benign reactive lymphadenopathy regardless of vaccine type.
Instead, follow-up imaging examination at least 12 weeks after
vaccination may be reasonable, particularly for recipients of the
mRNA vaccine.

A recent study (19) reported a high incidence (49%) of
COVID-19 vaccine—induced axillary lymphadenopathy at
US, demonstrating that mRNA vaccine (odds ratio [OR] =
6.7), intervals of 1-14 days (OR = 4.3) and 15-28 days (OR
= 4.3), younger age (=40 years, OR = 2.2), and first vaccina-
tion (OR = 1.6) independently influenced the occurrence of
lymphadenopathy on US scans. Similarly, our results showed
a larger number of mRNA vaccine recipients with suspected
axillary lymphadenopathy and longer duration of lymphade-
nopathy, with only 18% of recipients (seven of 39) displaying
complete resolution at a median of 6 weeks (range, 47 weeks)
after mRNA vaccination. In addition to cortical thickening,
suspicious morphologic features of loss in fatty hilum, rounded
shape, increased cortical flow, and increase in overall number
of lymph nodes were more frequently observed in women re-
ceiving mRNA vaccines. Although no women needed biopsy
in our study, these imaging findings may raise more concern
for malignant lymphadenopathy (3,12,17,20); thus, cautious
interpretation is needed.

Our study had some limitations. First, this is a single-center
design with a small sample size. In this prospective observational
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Vaccination

Table 3: Morphologic and Color Doppler Findings of Lymph Nodes Showing Highly Suspicious Features at US after COVID-19

Vector Vaccine (7 = 118)

mRNA Vaccine (7 = 97)

Time between No. of US Highly Suspicious ~ Highly Suspicious No. of US Highly Suspicious  Highly Suspicious
Vaccination Examinations  Features at Features at Color Examinations  Features at Features at Color
and US (wk) B-mode US* Doppler US' B-mode US* Doppler US'

=2 39 3(7.7) 12 (31) 34 5 (15) 23 (68)

>2 and =4 9 1(11) 1(11) 4 0 (0) 0(0)

>4 and =6 44 1(2.3) 3 (6.8) 30 2 (6.7) 9 (30)

>6and =10 4 0 (0) 0 (0) 9 1(11) 3(33)

>10 and =12 19 0 (0) 0(0) 17 1(5.9) 5(29)

>12 3 0 (0) 0 (0) 3 0 (0) 1 (33)

Note.—Data are numbers of US examinations, with percentages in parentheses. mRNA = messenger RNA.
* Numbers of examinations showing loss of fatty hilum (partial or complete) or rounded hypoechoic lymph node.
" Numbers of examinations showing nonhilar or diffuse cortical blood flow on Doppler images.

study, we could only enroll a limited number of women owing
to time, cost, and compliance issues related to the serial US ex-
aminations planned for each participant. However, we believe
our study is distinct from other retrospective studies because
we only included women with a clear antecedent relationship
between COVID-19 vaccination and lymphadenopathy. Sec-
ond, in our linear mixed model, the analysis was conducted on
the premise of “missing at random,” and cortical thickness and
number of lymph nodes were not evaluated at 10-12 weeks in
participants who showed complete resolution within 6 weeks.
This may influence our results; however, comparison between
two groups was still possible with no significant difference in
the number of objects measured at each time point. Third,
fewer women received the mRNA-1273 vaccine in our coun-
try because the ChAdOx1 nCoV-19 vaccine had been initiated
earlier. Last, we did not have information on the incidence of
lymphadenopathy, which was beyond the scope of this study
as we intended to evaluate the temporal changes of lymphade-
nopathy resolution on US scans. However, we can indirectly
infer the incidence in our study population because 47% of
the participants (50 of 106 eligible women) were part of the
screening population and 70% (35 of 50) of them showed axil-
lary lymphadenopathy, which is higher than in other studies
(4,10-12). This high incidence should be interpreted with cau-
tion because our study population was enriched with women
in whom lymphadenopathy had been detected. The use of vari-
ous types of vaccine and US examination performed within a
short interval from vaccination could explain this high inci-
dence; however, further larger studies are warranted.

In conclusion, COVID-19 vaccine-associated axillary
lymphadenopathy as identified at US developed within the first
2 weeks of vaccination and frequently persisted for 6 weeks.
Clinicians and radiologists should understand the different time-
lines for lymphadenopathy resolution according to the vaccine
type and cautiously interpret lymphadenopathy considering the
timeframe from vaccination and overall nodal metastatic risk
of individual patients. Even in situations that require follow-up
US examinations, short-term follow-up within 6 weeks is not
helpful for identifying the resolution of lymphadenopathy; thus,
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follow-up US examination at least 12 weeks after vaccination
may be reasonable, particularly for recipients of the messenger
RNA vaccine.
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