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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 (VZV), Epstein-Barr virus (EBV) and cytomegalovirus (CMV) reactivation has already been reported in COVID-19 patients. In addition, adverse events after SARS-CoV-2 mRNA 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.
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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 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/µL, reference range: 4,000-11,000/µL), 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 γ-glutamyl transferase (γ-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; γ-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 IU/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.




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, γ-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; γ-GT, γ-glutamyl transferase; LGE, late gadolinium enhancement; MRI, magnetic resonance imaging.





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

CMV is a common β-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 a lack 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 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 is a 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 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.
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