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PET findings after COVID-19 vaccination: “Keep Calm and Carry On”
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Large-scale worldwide vaccination programs against the
2019 coronavirus diseases (COVID-19) are being rapidly
deployed. As this vaccination is becoming more widespread,
we are observing an increase of patients with previous vac-
cination against COVID-19 who underwent '8F-FDG PET/
CT for different indications (i.e., cancer staging or restag-
ing or evaluation of inflammatory diseases). Knowledge of
vaccination-related effects is important to prevent wrong
interpretations and alleviate patient concern during diag-
nostic imaging procedures. The earliest publications on this
topic occurred in the field of breast imaging, where COVID-
19 vaccine-induced lymphadenopathy was cited as a cause
of unilateral axillary lymphadenopathy [1].

Taking into account recent literature data, we are also
observing a rapid increase of published scientific articles
reporting PET findings with different radiotracers in patients
with previous vaccination against COVID-19 [2-21, 27, 28].

Overall, these articles are mainly case reports or small
case series recently published by research groups from
different countries worldwide reporting PET findings in
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COVID-19 vaccine recipients who underwent PET/CT or
PET/MRI with different radiotracers for several indications
[2-21] (Table 1). Most of the described patients under-
went vaccination against COVID-19 from 1 day to 3 weeks
before '8F-FDG PET/CT. About the '®F-FDG PET findings
after COVID-19 vaccination, most of the published articles
reported increased radiophamaceutical uptake in axillary
and subpectoral lymph nodes at the same side of the vac-
cine inoculation. Increased uptake in deltoid muscle corre-
sponding to the vaccine inoculation site was also frequently
described. Beyond the axilla, increased radiopharmaceutical
uptake in supraclavicular and lower cervical lymph nodes
was also illustrated in some reports. The hypermetabolic
lymph nodes were normal-sized or enlarged. Less fre-
quently, diffuse splenic '*F-FDG-uptake was also described.
All these described sites of increased radiopharmaceutical
uptake were interpreted as reactive due to immune response
after recent vaccination against COVID-19 [2-10, 12-15,
17-21].

Radiopharmaceutical uptake in axillary lymph nodes was
also described after PET/CT with radiolabelled choline or
somatostatin analogues in COVID-19 vaccination recipients
[11,16].

We would like to underline that the main advantages
of these case reports and small case series is to inform
the nuclear medicine community about the increasing
appearance of these PET findings following COVID-19
vaccination.

On the other hand, these findings are not surprising for
the nuclear medicine physicians for several reasons [22, 23].
First of all, it is well known that inflammatory cells may take
up '8F-FDG due to their increased glucose uptake and glyco-
lytic activity. Therefore, '®F-FDG is not a specific tracer for
cancer cells and reactive lymph nodes may take up '*F-FDG
mimicking neoplastic lesions at PET. For these reason, '3F-
FDG PET/CT may also be used to evaluate inflammatory
and infectious diseases with good diagnostic accuracy as
demonstrated by several evidence-based manuscripts [24].

It is also not surprising that reactive lymph nodes may
show increased 'F-FDG uptake and normal size in some

@ Springer


http://orcid.org/0000-0001-9808-780X
http://crossmark.crossref.org/dialog/?doi=10.1007/s40336-021-00430-3&domain=pdf

Clinical and Translational Imaging (2021) 9:209-214

210

N'T ATeqrxe 1391 (yoreasar)
pogrequa ut axerdn DAd-dg; TIN/LAd SOSBISIp OBIpIE) #xKBP T O[osnU PIOJ[op o] zyd /96 epeueD 107 [6] wewouuey
N'T Axe|
-[rxe Jyo[ ut axerdn DAA-dg, LO/LAd (SurSe1s) YN #xSKEP O wire 3Joy 1zyd IN/0S pueI] [gog  [8] ueSouurg
NT Arefiixe
JYSLI pazis-[ewiou
ur pue 9[osnut proj (Surdesar) qrosnux
-[op 1yS1r ur oyerdn DAd-dg, LO/Ldd Jodued jsealq skep 01 proJfep WSy zyd d/cL [9BIST  [20¢ [L] 151
NT Arefiixe
1Jo] pazis-Teuriou
ur pue 9[osnur (Sur
projfap 1oy ur oxyerdn DAd-dg, LO/LAd -Seiser) ewoydwiy #xSKep T e 339 1oz1d d/0L vSn 120¢ [9] ssoa
NTIe!
-030adqns 1J9[ pozis (Surdeysar)
-rewou e ur ayeydn) DAA-dg, 1D0/1ad I00URD JseaIg Syjoom ¢ > uLe 3Jo] AN 1/99
N1
[e10302dqns pue
KIe[[TX® 1J9 PozZIS (Surdesar)
-rewrou ur ayeydn Oy, 1D0/1ad I90UED JseaIg Syoom ¢ uLre 3Jo] AN A/€8
N'T Areqrrxe yysts
pazis-TewIou ur
pue wre Tewrxoxd (Surdeysar)
S ut ayerdn DA, 10/14d Jooued Jsealq sjooMm ¢ wrre JySry AN d4/8%
N1
[e1030adqns pue
KIe[[TX® 1J9 POzZIS (Surdesar)
-[ewiou ut ayeidn DAy, 1D0/14d Iaoued jsealq Syoom 7 wre 3Jo] AN d/L9 3N 120¢ [¢] umorg
N'T Areprxe
1Jo] pasIe[ua ur
pue wre Tewrxoid Ksdorq
oy ut ayerdn DAd-dg, L1D/L4d N'T 105 1081e], soxKEP T uLre 3971 zyd W/ A1 120T  [v] wewponeg
N1 [e1030adqns
pue Axef[rxe 1J9|
paSIe[uo ‘urre ewr (Sur
-rxoxd jyo1 ut axerdn DAy, LO/LAd  -Se1sor) ewoue[ojy #xSKep 9 wire JJoy 1zyd d/LS [ovIST  120C [¢] Tousy
N1 [e10302dqns
1J9] pozIs-Tewiou
ur pue o[osnw (Sur
projfap oy ur oxyerdn DAd-dg, LO/LAd  -Se1sor) ewoue[ojy ##SKEP 9 d[osnul projjap 1o Pzyd 4/98 Nemnd/N 120 [] pouyy
syuaned
ueds 14 0} JoImy JO Xa8
sSurpuy 19d 1o0en 14 yderSowol 194 uonedIpul Iq OUIdodoeA WOIJ QW] QJIS UONB[NOOU]  -OBJNUBW QUIOIBA /8y Anuno) Ieax JoyIne ISI|

(1202 111dy 7z :oep yoIess jsel ‘NI TAHIN/PAINAN :99In0S) 6T-AIAQD ISureSe uoneurodsea Juadal yim syuaned ur sSurpuy JHJ O SILIS ased [[ews pue sjiodar ase)) | ajqeL

pringer

Qs



211

Clinical and Translational Imaging (2021) 9:209-214

pringer

N'T Areqrxe b
3J9[ pue posnu (Surdeysar) &l
proyfep 191 ut ayeydn QUIOYd-Ty; 1D/14d I9oUeRd 9JBIS0I] sKep ¢ urre 3Jo| BOOUIZBISY W/SL  WdASFsIn 1207 [91] emmeN
N'T Axe| (Bur
-[rxe 3391 ut ayeydny Odd-g, 1D/1dd -3eis) 1o0ued 3ung skep /. wie 3391 BOUAZBIISY W/0L dASTIN 1207 [ST] TemmeN
N1 Arepiixe
1J9[ pue S[osnu (Sur
projfap oy ur oxyerdn DAA-dg, LO/LAd  -Seisor) ewo[Ay skep 1 wire 3oy BOQUIZENSY /9L WASF/IN 120 (1] remmeN
NI [e91AT9D
IomO[ pue AIe[[rxe
1J9[ pue d[osnu (Sur
proyap o[ ur ayeydn Oy, LD/Ldd  -Ses) ewoueey skep 9 oposnw projap 1] AN W/1L epeue) [¢0z [¢1] rumySon
N'T Areg (Sur3eysar)
-[rxe jyo1 ut oerdn Ddd-dg, 1Do/14d IoJued [edIAIo]) sAep 6 o[osnuW proj[op o BUIOPOIA /89
N'T [BOIAISD JoMO]
pue re[norae[oerdns
‘KIe[IIX® 1J9] (3ur
pasSre[us ur ayeydn Oy, LD/1ad  -Se1s) 100ued Sun SKEp 1 AN AN IN/6S
N'T Areqrxe 359
pogrequa ut axerdn DAy, 12/14d AN skep ¢ AN BUISPOIA /0%
N Are (uoneziialoe
-[rxe JySur ur oxerdn DAd-dg, LO/LAd  -Teyd) o[npou Sung #SKep 17 AN AN d/TL
N1
Krefrxe Y3 pazis (Surdejsar) Jrosnw
-[ewrtou ut ayeidn DAd-dg; L1O/Ldd Jodued jsealq #SKep 11 proj[ep STy zyd d/cL
NI [e91ATD
JIOMO[ PUe Je[ndJA
-epoexdns ‘Krefyrxe (Suide)s)
oy ut ayerdn DAd-dg; 1O/Ldd Jodued jsealq skep ¢ o[osnur proj[op oy BUISPOIN d/0% VSN 120T [c1] ysowpdmw
N1 rexo3oad
-qns pue AIe[[xe (3ur xxSYooM
[erore[iq ur ayeldn)  HIV.IVIOA-tDg, LD/1dd  -Seiser) prourore) € PUB 4SYoom § suLre yjog 1ozyd 4/v9 VSN 120¢ (11l 07
N'T Te[nor (Bur
-aefoeidns pue K1e| -3ejsar) 100ued
-[rxe Jyo[ ut aerdn DAd-dg, 1D0/14d [eaSukreydo1Q xSYO9M T S[OSNW PIOI[3P Y] AN d7AN
NT fe[not
-AeporIdns pue K1e| (3urdess)
-[rxe Jyo1 ut oxyerdn DAd-dg; L1O/Ldd 1odued pholed xSABp QT d[osnur proyjep 1o BUISPON d74N vsSn 120 [01] uosuyor
syuaned
ueds 14 0} Jomy JO Xa8
sSurpuy 194 1o0en 14 ydeiSowol 194 uonedIpul Iq OUIOoeA WOIJ dWIL], QJIS UOTJB[NOOU]  -OBJNUBW QUIOIBA 8y Anuno) Ieax JoyIne ISIL]

(ponunuoo) | sjqey



Clinical and Translational Imaging (2021) 9:209-214

212

QUIOOEA JO 9SOP PUOIIS AY) IOV s
QUIOOBA JO 9SOP ISIY 9Y) IOV 4
Aydei3owo) uorsstwo uonisod 774 ‘9110dar jou YN ‘SurSewt 90UBUOSAI ONQUIBW [y ‘Oewl jy ‘sopou ydwA[ A7 dmoos_w?ouwgo:u-mf DAA - g; “QTeWdf f ‘Ayder3owo) payndwod 7

N1 Arefpixe
1J9[ pue J[osnur (Sur
projfap 1oy ur oxyerdn DAy, LO/LAd -Seisar) ewoydwi skep ¢ wire JJory Tzyd N/CL VSN 120¢ [Tzl nx
N'T Are (Bur
-[rxe o ur oyexdpy DAy, LO/1Ad  -SeIsor) ewour[ol #SYOM ¢ wwre o] BUIOPOIN IN/89 vsn 1coc  [og] ouen
oyerdn
oruards asnyjip pue
N'T Areqrrxe jysts
‘grosnu projop (uomnezraorIRyd) Jrosnuwu
WS ur oyeidn Oy, LD/1ad s9[pou sun'y «SKep ¢ prosp Y3y BUISPOIA d4/S9 VSN 120T [61] S1equiag

NI Te[norae[d
-e1dns pue Kre[[xe
1J9] pozIs-TewIou

ur pue [osnw (Surdejsar)
proyap o ur axerdn OAA-dg 1D/Ldd BWOJ1ES0)SO sxkp T e 3Jo] 1ozyd /0% VSN 120¢ [81] s
NT Tepnor

-Aeforidns pue K1e|
-[Ixe 1J9[ padie[ua

pue 9[osnuw projjop (Surdeysar)
o ut ayerdn DAA-dg, 1D0/14d Jooued jsealq #xSKEp £ dosnul plojjap 1jog Iozyd 4/9%
N'T Areprxe
1J9] pasre[ua pue (Bur
wre Jye1 ut oxyerdn DAd-dg; LO/LAd  -Se1sr) ewoue[ojy #xSKep 9 uire 3Jo] 1ozyd d/ce Aoymy, 170z [L1] ziumomzQy
syuaned
ueds 14 0} JoImy Jo xos
sSurpuy 194 1o0en 14 ydeiSowol 194 uonedIpul Iq OUIOoeA WOIJ dWIL], QJIS UOTJB[NOOU]  -OBJNUBW QUIOIBA 8y Anuno) Ieax JoyIne ISIL]

b
)
)
5
et
|9
A
&l

(ponunuoo) | sjqey



Clinical and Translational Imaging (2021) 9:209-214

213

Table 2 Recent studies about the prevalence of COVID-19 vaccine-related lymphadenopathies on '®F-FDG PET/CT (source: PubMed/MED-

LINE; last search date: 22 April 2021)

First author Year Country No. of COVID-19 mean age/ Vaccine Overall prevalence Prevalence of Prevalence of
vaccine recipients male per- manufac-  of HALN after HALN after first HALN after second
centage turer COVID-19 vac- dose of COVID-19 dose of COVID-19
cination vaccine vaccine
Bernstine [27] 2021 Israel 650 68.9 y/46%  Pfizer 25.8% 14.5% 43.3%
Cohen [28] 2021 Israel 728 69.2 y/43%  Pfizer 45.6% 36.4% 53.9%

HALN hypermetabolic axillary lymph nodes at '*F-FDG PET

cases, because functional abnormalities as revealed by 18p_
FDG PET may precede morphological alterations detected
by CT or MRI [24]. Similar to '®F-FDG, radiopharmaceuti-
cal uptake in reactive lymph nodes has been already widely
described with PET using radiolabelled choline [25] or
somatostatin analogues [26].

Moreover, increased '*F-FDG uptake in hypermetabolic
lymph nodes due to vaccine-related immune response has
been already described in several patients who underwent
different types of vaccinations beyond those against COVID-
19 [22], therefore this is not a significant novelty.

Furthermore, we should also take into account that a clear
information about the prevalence of these PET findings in
COVID-19 vaccine recipients cannot be obtained by using
these case reports and small case series only, because these
manuscripts are strongly affected by publication bias; in
other words, positive results (presence of increased radiop-
harmaceutical uptake at PET with different radiotracers after
vaccination) are more likely to be published compared to
negative findings (absence of increased radiopharmaceutical
uptake at PET with different radiotracers after vaccination).

Conversely, two interesting cohort studies from Israel
demonstrated that the detection of hypermetabolic axillary
lymph nodes at '®F-FDG PET/CT is quite common after
vaccination against COVID-19, mainly after the inocula-
tion of the second dose of COVID-19 vaccine (Table 2) [27,
28]. However, accurate data reporting the time required after
COVID-19 vaccination to allow for resolution of '*F-FDG
uptake in sites of vaccine-related immune response are cur-
rently lacking.

Notably, taking into account all the evidence-based data
available so far, we cannot state that PET with '*F-FDG or
other radiopharmaceuticals are really able or may be used
to detect COVID-19 vaccination sequelae as well as for
COVID-19 [29, 30]. It could be interesting to perform a
trial in the future for evaluating if the increased '*F-FDG
uptake associated with the vaccination could give some
useful information on the immune response for vaccinated
individuals (as example: duration of immunity) or showing
different behaviours when using different types of vaccine.

To date, we can only state that, in a still unclear
percentage of COVID-19 vaccine recipients, some

radiopharmaceutical uptake patterns as those described in
the available articles may be found and these may be due
to vaccine-related immune response. These PET findings
will likely increase in number in the next months due to the
parallel increase of global immunization against COVID-19.

Nuclear medicine physicians should be (already) able
to recognize the possible PET findings due to COVID-19
vaccination, in particular both hypermetabolic lymph nodes
(mainly axillary) and ipsilateral increased radiopharmaceu-
tical uptake in the deltoid muscle at '3F-FDG PET. Docu-
menting vaccination history and vaccine injection location
at the time of PET scan is (already) extremely useful for
PET reporters to avoid false interpretation, useless further
diagnostic examinations, unnecessary changes in manage-
ment and additional patient anxiety and this should be valid
for all (COVID-19 and beyond) vaccine recipients.
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