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As the coronavirus disease 2019 (COVID-19) pandemic is ongoing and new variants of
severe acute respiratory syndrome coronavirus type 2 (SARS-CoV-2) are emerging, there
is an urgent need for vaccines to protect individuals at high risk for complications and to
potentially control disease outbreaks by herd immunity. Surveillance of rare safety issues
related to these vaccines is progressing, since more granular data emerge about adverse
events of SARS-CoV-2 vaccines during post-marketing surveillance. Varicella zoster virus
(V2V), Epstein-Barr virus (EBV) and cytomegalovirus (CMV) reactivation has already been
reported in COVID-19 patients. In addition, adverse events after SARS-CoV-2 mRBNA
vaccination have also been in the context of varicella zoster virus (VZV) reactivation and
directly associated with the mRNA vaccine. We present the first case of CMV reactivation
and pericarditis in temporal association with SARS-CoV-2 vaccination, particularly
adenovirus-based DNA vector vaccine ChAdOx1 nCoV-19 against SARS-CoV-2. After
initiation of antiviral therapy with oral valganciclovir, CMV viremia disappeared and clinical
symptoms rapidly improved. Since huge vaccination programs are ongoing worldwide,
post-marketing surveillance systems must be in place to assess vaccine safety that is
important for the detection of any events. In the context of the hundreds of millions of
individuals to be vaccinated against SARS-CoV-2, a potential causal association with
CMV reactivation may result in a considerable number of cases with potentially
severe complications.

Keywords: SARS-CoV-2 vaccination, ChAdOx1 nCoV-19, cytomegalovirus, viral reactivation, long COVID

INTRODUCTION

As the coronavirus disease 2019 (COVID-19) pandemic is ongoing and new variants of severe acute
respiratory syndrome coronavirus type 2 (SARS-CoV-2) are emerging, there is an urgent need for
vaccines to protect individuals at high risk for complications and to potentially control disease
outbreaks by herd immunity (1, 2). The European Medicines Agency (EMA) approved the use of

Frontiers in Immunology | www.frontiersin.org 1

January 2022 | Volume 12 | Article 784145


https://www.frontiersin.org/articles/10.3389/fimmu.2021.784145/full
https://www.frontiersin.org/articles/10.3389/fimmu.2021.784145/full
https://www.frontiersin.org/articles/10.3389/fimmu.2021.784145/full
https://www.frontiersin.org/articles/10.3389/fimmu.2021.784145/full
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:bjoern.tampe@med.uni-goettingen.de
https://doi.org/10.3389/fimmu.2021.784145
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2021.784145
https://www.frontiersin.org/journals/immunology
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2021.784145&domain=pdf&date_stamp=2022-01-18

PIUB et al.

CMV Reactivation After SARS-CoV-2 Vaccination

vaccines containing a nucleoside-modified messenger RNA
(mRNA) that encodes the viral spike glycoprotein (S) of
SARS-CoV-2, or an adenovirus-based DNA vector vaccine
encoding the SARS-CoV-2 S glycoprotein. Surveillance of rare
safety issues related to these vaccines is progressing, since more
granular data emerge about adverse events of SARS-CoV-2
vaccines during post-marketing surveillance (3). Varicella zoster
virus (VZV), Epstein-Barr virus (EBV) and cytomegalovirus
(CMV) reactivation has already been reported in COVID-19
patients (4-10). In addition, adverse events after SARS-CoV-2
mRNA vaccination have also been reported in the context of
varicella zoster virus (VZV) reactivation and directly associated
with the mRNA vaccine (11, 12). To our knowledge, this is the first
report of CMV reactivation after SARS-CoV-2 vaccination,
particularly adenovirus-based DNA vector vaccine ChAdOx1
nCoV-19 against SARS-CoV-2.

CASE DESCRIPTION

A 67-year-old Caucasian female with a past medical history of
atrial fibrillation, hypertension, obesity, degenerative knee joint
disease, and no documented history of COVID-19 received a first
dose of ChAdOx1 nCoV-19 vaccination. The patient had no
allergies, no history of immune deficiency, no recent infectious
disease, and denied illicit drug use. Two weeks after vaccination,
the patient suffered from fever, weakness and arthralgia of the
knees, hips and shoulders (Figure 1A). After additional 3 weeks,
the patient was admitted to a community hospital with stable vital
parameters and normal physical examination (Figure 1A).
Computed tomography (CT) scans of the chest and abdomen
revealed reactive mediastinal lymphadenopathy and hepatic
steatosis. Infectious endocarditis was excluded by
transesophageal echocardiography (TEE) and repeat blood
cultures were all tested negative. Due to elevated IgM titers, IgM
gammopathy was suspected but excluded by bone marrow biopsy.
Because both, antibiotic treatment with piperacillin/tazobactam
and steroids did not improve clinical symptoms with persistent
fever and weakness, the patient was referred to our tertiary center
three weeks thereafter (Figure 1A). A repeat nasopharyngeal swab
for SARS-CoV-2 RNA testing by polymerase chain reaction
(PCR) was negative. Laboratory examination at admission
revealed leukocytosis (16,100/uL, reference range: 4,000-11,000/
uL), acute kidney injury (serum creatinine: 1.59 mg/dL, reference
range: 0.5-1 mg/dL), hyponatremia (127 mmol/L, reference range:
136-145 mmol/L), elevated C-reactive protein (CRP: 97.9 mg/L,
reference range: <5 mg/L) and lactate dehydrogenase (LDH: 340
U/L, reference range: 125-250 U/L). During the further disease
course, elevated liver transaminase levels including alanine
aminotransferase (ALT: 339 U/L, reference range: <34 U/L),
aspartate aminotransferase (AST: 295 U/L, reference range: <31
U/L), canalicular enzymes y-glutamyl transferase (y-GT: 469 U/L,
reference range: 9-36 U/L), and alkaline phosphatase (AP: 452 U/
L, reference range: 40-150 U/L) were detectable (Figure 1B).
Serological examination excluded hepatitis B virus (HBV),
hepatitis C virus (HCV), hepatitis E virus (HEV) infection, and

human immunodeficiency virus (HIV). Cardiac magnetic
resonance imaging (MRI) confirmed diagnosis of pericarditis
with circumferential thickening and contrast enhancement of
the entire pericardium at late gadolinium enhancement (LGE,
Figure 1C) (13, 14). Based on these imaging findings, heart
involvement with viral pericarditis was suspected. EBV serology
was compatible with past infection (anti-EBV-VCA-IgG: positive,
anti-EBV-IgM: negative), confirmed by PCR with no detectable
EBV-DNA. However, serology of CMV was compatible with
active CMV infection (anti-CMV-IgG: >250 IU/mL, anti-CMV-
IgM: positive), confirmed by PCR with detectable CMV viremia
(415 IU/mL). Based on active CMV infection, oral valganciclovir
was initiated (900 mg twice daily, Figure 1B). During the further
course, clinical symptoms improved, and liver enzymes
normalized (Figure 1A). This was associated with successful
treatment and decrease of CMV viremia (69.8 IU/mL). The
patient was transferred to dermatological care for the treatment
of allergic dermatitis after the aforementioned antibiotic
treatment, a skin biopsy revealed neither auto-immune nor viral
cause of the dermatitis. Thereafter, the patient remained free of
symptoms and was discharged with recommendation to continue
the antiviral therapy for 3 weeks in total (Figure 1A). A follow-up
visit 54 days after discharge confirmed normal range liver enzymes
(ALT: 9 U/L, reference range: <34 U/L; AST: 27 U/L, reference
range: <31 U/L; y-GT: 28 U/L, reference range: 9-36 U/L; AP: 70
U/L, reference range: 40-150 U/L) and absence of CMV viremia
(<35 1U/mL). In summary, we here present the clinical course of a
patient with CMV reactivation and pericarditis in temporal
association with ChAdOx1 nCoV-19 vaccination against SARS-
CoV-2.

DISCUSSION

To our knowledge, we present the first case of CMV reactivation
and pericarditis following SARS-CoV-2 vaccination, particularly
adenovirus-based DNA vector vaccine ChAdOx1 nCoV-19
against SARS-CoV-2. Myocarditis has previously been reported
in the context of mRNA vaccines against SARS-CoV-2 (15-21).
Myocarditis after SARS-CoV-2 mRNA vaccination developed
rapidly in younger patients, mostly after the second vaccination
(22). In addition, pericarditis has also been observed
predominantly affecting older patients occurring with latency
to either the first or second dose of SARS-CoV-2 mRNA vaccine
(22). However, a causal connection is still a matter of debate and
requires further investigation (23). Although we cannot exclude
direct effects of the adenovirus-based DNA vector vaccine
contributing to pericarditis, the presence of CMV viremia with
typical clinical symptoms and MRI findings, and improvement
of symptoms after initiation of antiviral therapy with
disappearance of CMV viremia makes CMV reactivation as the
primary cause of the observed pericarditis very likely. Moreover,
the temporal association between ChAdOx1 nCoV-19
vaccination and CMV viremia thereafter could implicate a
causal connection between SARS-CoV-2 vaccination and CMV
reactivation. This is especially relevant since pericarditis has
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FIGURE 1 | Timeline of the case and cardiac MRI findings. (A) Time of ChAdOx1 nCoV-19 vaccination, onset of clinical symptoms, and treatment regimens. (B) Time
course of laboratory parameters including LDH, AST, ALT, v-GT, and AP after admission. (C) LGE confirming circumferential thickening and contrast enhancement of the
entire pericardium (yellow arrowheads) without presenting myocardial enhancement. Advanced tissue characterization with T2 mapping and post contrast T1 mapping did
not show evidence of myocardial edema or myocardial enhancement, confirming the diagnosis of isolated pericarditis. ALT, alanine aminotransferase; AP, alkaline phosphatase;
AST, aspartate aminotransferase; CMV, cytomegalovirus; y-GT, y-glutamyl transferase; LGE, late gadolinium enhancement; MRI, magnetic resonance imaging.

previously been observed in the context of active CMV
infection (24).

CMYV is a common B-herpesvirus with known lifelong latency
following primary infection, which is typical for all herpesviruses
(25). The reported seroprevalence rate in healthy adults ranges from
40% to 100% with ethnical differences (26, 27). However, CMV is
not a highly contagious virus. In childhood, most infections occur
through urine and saliva transmission. Other routes of transmission
are sexual or through transmission of blood products or during
organ donation. CMV infection shows a very complex course,

divided into three subtypes. Subtype 1 reflects a primary infection
without a previous infection with CMV and thus alack of immunity
(28). Since there are no typical symptoms of primary CMV
infections except for the well-known infectious mononucleosis,
the infection usually runs unnoticed due to the strong T cell
response preventing uncontrolled viral replication in the host
during an infection (29). After the first infection with the virus, a
latency period begins allowing reactivation of the virus at any time
(28). However, a weakened cellular immune response leads to
reactivation of CMV and an increased viral load referred to as
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subtype 2, contributing to organ damage including heart
involvement with pericarditis as in the case presented here. If an
individual with a previous infection and an immune response
becomes infected again with an CMV, e.g. in the case of a
contaminated blood transfusion, this is referred to as a subtype 3
(28). Furthermore, CMV is the most common opportunistic
infection in individuals with HIV, after hematopoietic stem cell or
solid organ transplantation. Immunity against CMV controls its
replication, although intermittent viral shedding can occur in
seropositive immunocompetent cases (30). Reactivation of CMV
is a failure of the T cell compartment to maintain control of its
infection and is supposed to occur more frequently with increasing
age due to adaptive immunosenescence (31). Moreover, vaccination
isa strong stimulator of the immune system, coordinating a humoral
and cellular adaptive immunity to polarize a vaccine-induced T cell
response, also reported for SARS-CoV-2 vaccines (32). Vaccine-
induced reactivation of CMV may have similarities with immune
reconstitution inflammatory syndrome (IRIS) characterized by a
paradoxical worsening of preexisting infection due to a reconstituted
capacity for an inflammatory response following the initiation of
antiretroviral therapy (ART), also reported in COVID-19 (33,34).In
addition, CMV reactivation is known to trigger an inflammatory
response often persisting in COVID-19 patients long after SARS-
CoV-2 is no longer detectable, which might be relevant for patients
with long COVID that still have symptoms months after SARS-
CoV-2 infection (35, 36). We are aware that this is the first report of
an association between SARS-CoV-2 vaccination and CMV
reactivation during ongoing vaccination programs worldwide, but
clinicians should be sensitized for this complication and encouraged
for appropriate diagnostic testing.

CONCLUSIONS

Worldwide, huge vaccination programs are ongoing and post-
marketing surveillance systems with assessment of vaccine safety
are important for the detection of any events associated with SARS-
CoV-2 vaccination. In view of the hundreds of millions of
individuals to be vaccinated against SARS-CoV-2, a potential
causal association with CMV reactivation may result in a large
number of cases with potentially severe complications. With this
case report, we aim to sensitize clinicians for viral disease as well as
reactivation after vaccination and encourage appropriate diagnostic

REFERENCES

1. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al.
Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N Engl ] Med
(2020) 383(27):2603-15. doi: 10.1056/NEJMo0a2034577

2. Garcia-Montero C, Fraile-Martinez O, Bravo C, Torres-Carranza D, Sanchez-
Trujillo L, Gomez-Lahoz AM, et al. An Updated Review of SARS-CoV-2
Vaccines and the Importance of Effective Vaccination Programs in Pandemic
Times. Vaccines (Basel) (2021) 9(5):433. doi: 10.3390/vaccines9050433

3. Pollard AJ, Bijker EM. A Guide to Vaccinology: From Basic Principles to New
Developments. Nat Rev Immunol (2021) 21(2):83-100. doi: 10.1038/s41577-
020-00479-7

4. Saati A, Al-Husayni F, Malibari AA, Bogari AA, Alharbi M. Herpes Zoster
Co-Infection in an Immunocompetent Patient With COVID-19. Cureus
(2020) 12(7):€8998. doi: 10.7759/cureus.8998

testing. Fortunately, treatment of CMV infection is possible and
yielded a very good outcome for our patient. Further studies must
provide insights into CMV reactivation after SARS-CoV-2
vaccination and possible recommendation of routine testing.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

Ethical review and approval were not required for the study on
human participants in accordance with the local legislation and
institutional requirements. The patients/participants provided
their written informed consent to participate in this study.
Written informed consent to publish this report was obtained
directly from the patient.

AUTHOR CONTRIBUTIONS

BT conceived the case report, collected and analyzed data, and
wrote the manuscript. MP, KM, DT, and BT were directly
involved in the treatment of the patient. JK and AS evaluated
cardiac MRI findings and provided images. All authors
contributed to the article and approved the final version.

FUNDING

We acknowledge support from the Open Access Publication
Funds of the Georg August University Gottingen.

ACKNOWLEDGMENTS

The authors thank the medical staff involved in treating the
patient at our hospital.

5. Ferreira A, Romao TT, Macedo YS, Pupe C, Nascimento OJMFellow of the American
Academy of N. COVID-19 and Herpes Zoster Co-Infection Presenting With
Trigeminal Neuropathy. Eur ] Neurol (2020) 27(9):1748-50. doi: 10.1111/ene.14361

6. Tartari F, Spadotto A, Zengarini C, Zanoni R, Guglielmo A, Adorno A, et al.
Herpes Zoster in COVID-19-Positive Patients. Int ] Dermatol (2020) 59
(8):1028-9. doi: 10.1111/ijd.15001

7. Elsaie ML, Youssef EA, Nada HA. Herpes Zoster May be a Marker for
COVID-19 Infection During Pregnancy. Cutis (2020) 106(6):318-20. doi:
10.12788/cutis.0133

8. Paolucci S, Cassaniti I, Novazzi F, Fiorina L, Piralla A, Comolli G, et al. EBV DNA
Increase in COVID-19 Patients With Impaired Lymphocyte Subpopulation
Count. Int ] Infect Dis (2021) 104:315-9. doi: 10.1016/;.ijid.2020.12.051

9. Le Balc'h P, Pinceaux K, Pronier C, Seguin P, Tadie JM, Reizine F. Herpes
Simplex Virus and Cytomegalovirus Reactivations Among Severe COVID-19
Patients. Crit Care (2020) 24(1):530. doi: 10.1186/s13054-020-03252-3

Frontiers in Immunology | www.frontiersin.org

January 2022 | Volume 12 | Article 784145


https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.3390/vaccines9050433
https://doi.org/10.1038/s41577-020-00479-7
https://doi.org/10.1038/s41577-020-00479-7
https://doi.org/10.7759/cureus.8998
https://doi.org/10.1111/ene.14361
https://doi.org/10.1111/ijd.15001
https://doi.org/10.12788/cutis.0133
https://doi.org/10.1016/j.ijid.2020.12.051
https://doi.org/10.1186/s13054-020-03252-3
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

PIUB et al.

CMV Reactivation After SARS-CoV-2 Vaccination

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Geisen WR, Berger J, Schwartz C, Reddy A, Rai B, Wadih G, et al.
Cytomegalovirus Enterocolitis Secondary to Experimental COVID-19
Therapy. IDCases (2020) 22:e00962. doi: 10.1016/j.idcr.2020.e00962
Psichogiou M, Samarkos M, Mikos N, Hatzakis A. Reactivation of Varicella
Zoster Virus After Vaccination for SARS-CoV-2. Vaccines (Basel) (2021) 9
(6):572. doi: 10.3390/vaccines9060572

Rodriguez-Jimenez P, Chicharro P, Cabrera LM, Segui M, Morales-Caballero
A, Llamas-Velasco M, et al. Varicella-Zoster Virus Reactivation After SARS-
CoV-2 BNT162b2 mRNA Vaccination: Report of 5 Cases. JAAD Case Rep
(2021) 12:58-9. doi: 10.1016/j.jdcr.2021.04.014

Lurz P, Luecke C, Eitel I, Fohrenbach F, Frank C, Grothoft M, et al.
Comprehensive Cardiac Magnetic Resonance Imaging in Patients With
Suspected Myocarditis: The MyoRacer-Trial. ] Am Coll Cardiol (2016) 67
(15):1800-11. doi: 10.1016/j.jacc.2016.02.013

Puntmann VO, Peker E, Chandrashekhar Y, Nagel E. T1 Mapping in
Characterizing Myocardial Disease: A Comprehensive Review. Circ Res
(2016) 119(2):277-99. doi: 10.1161/CIRCRESAHA.116.307974

Abu Mouch S, Roguin A, Hellou E, Ishai A, Shoshan U, Mahamid L, et al.
Myocarditis Following COVID-19 mRNA Vaccination. Vaccine (2021) 39
(29):3790-3. doi: 10.1016/j.vaccine.2021.05.087

Bozkurt B, Kamat I, Hotez PJ. Myocarditis With COVID-19 mRNA Vaccines.
Circulation (2021) 144(6):471-84. doi: 10.1161/CIRCULATIONAHA.121.056135
Tailor PD, Feighery AM, El-Sabawi B, Prasad A. Case Report: Acute
Myocarditis Following the Second Dose of mRNA-1273 SARS-CoV-2
Vaccine. Eur Heart ] Case Rep (2021) 5(8):ytab319. doi: 10.1093/ehjcr/ytab319
Albert E, Aurigemma G, Saucedo ], Gerson DS. Myocarditis Following
COVID-19 Vaccination. Radiol Case Rep (2021) 16(8):2142-5. doi: 10.1016/
j.rader.2021.05.033

Marshall M, Ferguson ID, Lewis P, Jaggi P, Gagliardo C, Collins JS, et al.
Symptomatic Acute Myocarditis in 7 Adolescents After Pfizer-BioNTech
COVID-19 Vaccination. Pediatrics (2021) 148(3):€2021052478. doi:
10.1542/peds.2021-052478

King WW, Petersen MR, Matar RM, Budweg JB, Cuervo Pardo L, Petersen
JW. Myocarditis Following mRNA Vaccination Against SARS-CoV-2, a Case
Series. Am Heart ] Plus (2021) 8:100042. doi: 10.1016/j.ahjo.2021.100042
Vollmann D, Eiffert H, Schuster A. Acute Perimyocarditis Following First
Dose of mRNA Vaccine Against COVID-19. Dtsch Arztebl Int (2021) 118(31-
32):546. doi: 10.3238/arztebl.m2021.0288

Diaz GA, Parsons GT, Gering SK, Meier AR, Hutchinson IV, Robicsek A.
Myocarditis and Pericarditis After Vaccination for COVID-19. Jama (2021)
326(12):1210-12. doi: 10.1001/jama.2021.13443

O'Leary ST, Maldonado YA. Myocarditis After SARS-CoV-2 Vaccination:
True, True, and... Related? Pediatrics (2021) 148(3):e2021052644. doi:
10.1542/peds.2021-052644

Campbell PT, Li JS, Wall TC, O'Connor CM, Van Trigt P, Kenney RT, et al.
Cytomegalovirus Pericarditis: A Case Series and Review of the Literature. Am
J Med Sci (1995) 309(4):229-34. doi: 10.1097/00000441-199504000-00009
Yang Q, Zhou Z, Yang X, Chen Y, Liu A, Zhang B, et al. Latent
Cytomegalovirus Reactivation in Patients With Liver Failure: A 10-Year
Retrospective Case-Control Study, 2011-2020. Front Cell Infect Microbiol
(2021) 11:642500. doi: 10.3389/fcimb.2021.642500

Cannon M]J, Schmid DS, Hyde TB. Review of Cytomegalovirus
Seroprevalence and Demographic Characteristics Associated With
Infection. Rev Med Virol (2010) 20(4):202-13. doi: 10.1002/rmv.655

27. Marsico C, Kimberlin DW. Congenital Cytomegalovirus Infection: Advances
and Challenges in Diagnosis, Prevention and Treatment. Ital ] Pediatr (2017)
43(1):38. doi: 10.1186/s13052-017-0358-8

28. Griffiths P, Reeves M. Pathogenesis of Human Cytomegalovirus in the
Immunocompromised Host. Nat Rev Microbiol (2021) 19(12):759-73. doi:
10.1038/541579-021-00582-z

29. Fiala M, Heiner DC, Turner JA, Rosenbloom B, Guze LB. Infectious
Mononucleosis and Mononucleosis Syndromes. West | Med (1977) 126
(6):445-59.

30. Gandhi MK, Khanna R. Human Cytomegalovirus: Clinical Aspects, Immune
Regulation, and Emerging Treatments. Lancet Infect Dis (2004) 4(12):725-38.
doi: 10.1016/S1473-3099(04)01202-2

31. Crooke SN, Ovsyannikova IG, Poland GA, Kennedy RB. Immunosenescence
and Human Vaccine Immune Responses. Immun Ageing (2019) 16:25. doi:
10.1186/s12979-019-0164-9

32. Sahin U, Muik A, Derhovanessian E, Vogler I, Kranz LM, Vormehr M,
et al. COVID-19 Vaccine BNT162b1 Elicits Human Antibody and TH1 T
Cell Responses. Nature (2020) 586(7830):594-9. doi: 10.1038/s41586-020-
2814-7

33. Martinez E, Gatell ], Moran Y, Aznar E, Buira E, Guelar A, et al. High
Incidence of Herpes Zoster in Patients With AIDS Soon After Therapy With
Protease Inhibitors. Clin Infect Dis (1998) 27(6):1510-3. doi: 10.1086/
515019

34. Winkler MS, Korsten P, Binder C, Tampe B. Correspondence on 'Interleukin-
6 Receptor Blockade With Subcutaneous Tocilizumab in Severe COVID-19
Pneumonia and Hyperinflammation: Case-Control Study'. Ann Rheum Dis
(2020). doi: 10.1136/annrheumdis-2020-218836

35. Ladds E, Rushforth A, Wieringa S, Taylor S, Rayner C, Husain L, et al.
Persistent Symptoms After Covid-19: Qualitative Study of 114 "Long Covid"
Patients and Draft Quality Principles for Services. BMC Health Serv Res (2020)
20(1):1144. doi: 10.1186/s12913-020-06001-y

36. Proal AD, VanElzakker MB. Long COVID or Post-Acute Sequelae of COVID-
19 (PASC): An Overview of Biological Factors That May Contribute to
Persistent Symptoms. Front Microbiol (2021) 12:698169. doi: 10.3389/
fmicb.2021.698169

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed 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 Pliifs, Mese, Kowallick, Schuster, Tampe and Tampe. 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 Immunology | www.frontiersin.org

January 2022 | Volume 12 | Article 784145


https://doi.org/10.1016/j.idcr.2020.e00962
https://doi.org/10.3390/vaccines9060572
https://doi.org/10.1016/j.jdcr.2021.04.014
https://doi.org/10.1016/j.jacc.2016.02.013
https://doi.org/10.1161/CIRCRESAHA.116.307974
https://doi.org/10.1016/j.vaccine.2021.05.087
https://doi.org/10.1161/CIRCULATIONAHA.121.056135
https://doi.org/10.1093/ehjcr/ytab319
https://doi.org/10.1016/j.radcr.2021.05.033
https://doi.org/10.1016/j.radcr.2021.05.033
https://doi.org/10.1542/peds.2021-052478
https://doi.org/10.1016/j.ahjo.2021.100042
https://doi.org/10.3238/arztebl.m2021.0288
https://doi.org/10.1001/jama.2021.13443
https://doi.org/10.1542/peds.2021-052644
https://doi.org/10.1097/00000441-199504000-00009
https://doi.org/10.3389/fcimb.2021.642500
https://doi.org/10.1002/rmv.655
https://doi.org/10.1186/s13052-017-0358-8
https://doi.org/10.1038/s41579-021-00582-z
https://doi.org/10.1016/S1473-3099(04)01202-2
https://doi.org/10.1186/s12979-019-0164-9
https://doi.org/10.1038/s41586-020-2814-7
https://doi.org/10.1038/s41586-020-2814-7
https://doi.org/10.1086/515019
https://doi.org/10.1086/515019
https://doi.org/10.1136/annrheumdis-2020-218836
https://doi.org/10.1186/s12913-020-06001-y
https://doi.org/10.3389/fmicb.2021.698169
https://doi.org/10.3389/fmicb.2021.698169
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Case Report: Cytomegalovirus Reactivation and Pericarditis Following ChAdOx1 nCoV-19 Vaccination Against SARS-CoV-2
	Introduction
	Case Description
	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


