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Abstract

Background: Reactivation of viruses such as Epstein-Barr virus (EBV) and cytomegalovirus (CMV) are common in critically ill
patients and have been described in patients with severe COVID-19. However, it is unclear whether these reactivations are asso-
ciated with increased mortality and whether targeted treatments are beneficial.

Methods: In a retrospective single-center cohort study, patients with severe COVID-19 treated on our intensive care unit (ICU)
were screened for EBV and CMV reactivation as detected by polymerase chain reaction. If present, patient characteristics, tem-
poral connections to severe acute respiratory syndrome coronavirus 2 diagnosis and corticosteroid use, the use of targeted
treatments as well as the course of disease and outcome were analyzed. As control group, non-COVID-19 patients with sepsis,
treated within the same time period on our ICU, served as control group to compare incidences of viral reactivation.
Results: In 19 (16%) of 117 patients with severe COVID-19 treated on our ICU EBV reactivations were identified, comparable
I8 (14%) of 126 in the non-COVID-19 control group (P=.672). Similarly, in Il (9%) of 117 patients CMV reactivations were
identified, comparable to the 16 (13%) of 126 in the non-COVID-19 sepsis patients (P=.296). The majority of EBV (58%)
and CMV reactivations (55%) were detected in patients under systemic corticosteroid treatment. 7 (37%) of 19 patients with
EBV reactivation survived the ICU stay, 2 (29%) of 7 patients with rituximab treatment and 5 (42%) of 12 patients without treat-
ment (P=.568). Five (50%) of 10 patients with CMV reactivation survived the ICU stay, 5 (83%) of 6 patients with ganciclovir
treatment and 0 of 4 patients without treatment (P =.048). Follow-up analysis in these patients showed that the initiation of treat-
ment lead to decrease in viral load.

Conclusion: Ciritically ill patients with COVID-19 are at a high risk for EBV and CMV reactivations. Whether these reactivations
are a cause of hyperinflammation and require targeted treatment remains uncertain. However, in patients with clinical deterio-
ration or signs of hyperinflammation targeted treatment might be beneficial and warrants further studying.
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Background Reactivations of HV have also been observed in individuals
with severe coronavirus disease 2019 (COVID-19).%°

Reactivation of Herpes viruses (HV) as Epstein-Barr virus Hyperinflammatory states resembling secondary hemophagocytic

(EBV) and cytomegalovirus (CMV) are common in critically
ill patients treated on the intensive care unit (ICU) and have
been associated with higher morbidity and mortality.'™ Most
patients who develop HV reactivation have an underlying
hematologic disorder or are treated with immunosuppressive  Received June 24, 2021. Received revised October |, 2021. Accepted
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lymphohistiocytosis were described in severe COVID-19, and the
role of viral reactivation as a potential trigger has been dis-
cussed.'” EBV viremia appears to be correlated with
COVID-19 severity, a longer ICU stay, increased interleukin-6
levels as well as reduced CD8" T and NK cell counts.®'”
However, there is an ongoing discussion whether HV reactiva-
tions are consequence of the patient’s critical condition or inde-
pendent triggers for hyperinflammation—and if so, whether
targeted treatment is required.'’

In addition to the controversial results regarding the impact
of HV reactivations on the morbidity and mortality of ICU
patients, there is also only very limited data available regarding
the treatment of HV reactivations in immunocompetent patients
on the ICU. Recently, a double-blinded, randomized trial did
not show any benefit for a preemptive treatment with ganciclo-
vir in mechanically ventilated patients with CMV
reactivations.'?

Due to these controversies regarding clinical meaning, ther-
apeutic approach and a possible COVID-19-associated hyperin-
flammation triggering HV reactivations, the aim of the present
study is to descriptively analyze the interrelationships between
EBV and CMYV reactivation, corticosteroid treatment, and tar-
geted treatments with respect to the clinical course of disease
and outcome in patients with severe COVID-19. Therefore,
we report a retrospective single-center cohort study of clinical
and laboratory data from individuals treated on the medical
ICU of an academic tertiary care center in Germany.

Methods

Prior to the start of the analysis, approval was obtained by the
local ethics committee of the Faculty of Medicine of the
University of Cologne (approval number: 20-11729). Given
the noninterventional retrospective nature of the study, no
informed consent had to be obtained from the included patients.

We retrospectively reviewed charts of all patients with
severe COVID-19 treated in our ICU between March 2020
and March 2021. COVID-19 was confirmed by positive real-
time polymerase chain reaction (RT-PCR) for severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)*** in
respiratory tract samples in all patients.

Quantification of EBV and CMV in whole blood was per-
formed using RT-PCR. EBV and CMV reactivation were
defined as the detection of DNA levels higher than 1000 IU/
mL in real-time quantitative PCR from peripheral blood accord-
ing to previous publications.>!?

All patients with COVID-19 and EBV or CMV reactivation
were included in this analysis. Patient’s characteristics, course
of disease and outcome, as well as laboratory parameters at
the time of maximum DNA levels for EBV or CMV over the
course of the ICU stay were extracted and summarized
(Supplemental Table 1).

For better comparability, patients with sepsis, who were
tested negative for SARS-CoV-2 and treated within the same
time period in the reporting ICU, served as control group and
their patient charts were reviewed for EBV or CMV

reactivations. We further subdivided the patients into immuno-
suppressed patients (defined as hematological disease,
EBV-induced malignancy, having received immunosuppres-
sive therapies in the last 3 months or having immunodeficiency
syndromes) and patients who received corticosteroids during
their ICU stay. Death and ICU discharge were used as events
for the time to event analysis, respectively.

Statistical analyses were performed using Microsoft Excel
(Version 16.48, Microsoft) and SPSS (Version 27.0.1.0,
IBM). Numbers and proportions were noted for categorical var-
iables; medians and ranges were calculated for continuous var-
iables. The Shapiro-Wilk test was used to test if the data are
normally distributed. Fisher exact test and Pearson x* test as
well as Spearman correlation coefficients were used for analysis
of categorical and continuous variables, respectively. Statistical
significance was set to 2-sided P<.05.

Results
Incidence of HV reactivation

Testing for EBV and CMV reactivations was performed in 55
ofall 117 COVID-19 patients, who were treated during the ana-
lyzed time period on the reporting ICU. Testing was performed
in patients without clinical improvement, having persisting
fever >2 days and/or persisting laboratory signs of hyperinflam-
mation in the absence of alternative explanations such as path-
ogens in bronchoalveolar lavages, blood, or urine cultures.
Twenty-four (21%) of these 117 patients tested positive for
either EBV or CMV reactivation (Figure 1).

In 19 (16%) of all 117 patients EBV reactivations were iden-
tified. The majority of patients had EBV reactivation while
receiving corticosteroid treatment, mostly consisting of dexa-
methasone (6 mg/d) as part of the current COVID-19 treatment
protocol. '

In 11 (9%) of 117 patients CMV reactivations were identi-
fied. Five (55%) of these patients had CMV reactivation
while receiving corticosteroid treatment. Six of the patients
were diagnosed with both EBV and CMV reactivation.

The distribution of the maximum virus loads of EBV and
CMV reactivations, respectively, are illustrated in Figure 2A.
Patient characteristics, temporal connection to SARS-CoV-2
diagnosis and corticosteroid treatment as well as clinical out-
comes are listed in Table 1. Supplemental Table 1 shows the
individual patient data of the cohort.

Treatment and Outcome

Treatment with rituximab or ganciclovir was performed in
patients with clinical deterioration, defined as need for increase
in vasopressor dose or increase in ventilation pressure or frac-
tion of inspired oxygen.

Seven (37%) of all 19 patients with EBV reactivation
survived the ICU stay, compared to 50% of COVID-19 patients
without virus reactivation (P =.351). Treatment with rituximab
was administered in seven of 19 (32%) patients with a median


https://journals.sagepub.com/doi/suppl/10.1177/08850666211053990
https://journals.sagepub.com/doi/suppl/10.1177/08850666211053990

1154

Journal of Intensive Care Medicine 37(9)

all patients with severe
COVID-19 treated on ICU

(n=117)

[
I |

no EBV and / or CMV RT- EBV and / or CMV
PCR performed RT-PCR performed
(n=62) (n=55)

RT-PCR negative or
copies < 1000 IU/ml

(n=31) (n=24)

RT-PCR positive with
> 1000 IU/ml

I l

EBV reactivation
(n=14)

CMV reactivation
(n=5)

EBV and CMV
reactivation

(n=5)

Ganciclovir treatment
(n=4)

Rituximab treatment
(n=6)

Rituximab treatment
(n=1)

Ganciclovir treatment
(n=2)

Figure |. Flowchart of Epstein-Barr virus (EBV) and cytomegalovirus (CMV) diagnostics and treatment in patients with severe COVID-19

treated on intensive care unit (ICU).

copy number of 26,000 [lU/mL. Two (29%) of the 7
patients with EBV reactivation who received rituximab
survived the ICU stay, 5 (42%) of the 12 patients with EBV
reactivation who did not receive rituximab survived the ICU
stay (P=.568) (Table 1, Figure 2B). The percentage of
viral load reduction compared to maximum virus copies in
patients with and without rituximab treatment is illustrated in
Figure 3.

Six (55%) of all 11 patients with CMV reactivation survived
the ICU stay, compared to 46% survival in patients without
CMV reactivation. Treatment with ganciclovir was administered

in 7 (64%) of 11 patients with a median copy number of
5,930 TU/mL. Six (86%) of the 7 patients with CMV reactivation
who received ganciclovir survived the ICU stay. None of the 4
patients with CMV reactivation who did not receive ganciclovir
survived the ICU stay (P=.015) (Table 1, Figure 2B). The per-
centage of viral load reduction compared to maximum virus
copies in patients with and without ganciclovir treatment is illus-
trated in Figure 4.

As time to event analysis, the cumulative survival of ICU
COVID-19 patients with EBV and CMV reactivations is dis-
played as Kaplan-Meier curve in Figure 5. Additionally, time
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Figure 2. A, Box-whisker-plot of Epstein-Barr virus (EBV) and cytomegalovirus (CMV) reactivations in patients with severe COVID-19 treated
on intensive care unit (ICU). Center lines show the medians; box limits indicate the 25th and 75th percentiles; whiskers extend 1.5 times the
interquartile range from the 25th and 75th percentiles, outliers are represented by dots. One patient with an EBV reactivation 4.08 million U/
mL was excluded for better illustration. B, ICU survival of patients with EBV or CMV reactivations with and without rituximab or ganciclovir

treatment, respectively.
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Table I. Patient Characteristics, Temporal Connection to SARS-CoV-2 Diagnosis and Corticosteroid Treatment as Well as Clinical Outcome in
ICU COVID-19 Patients With Epstein-Barr Virus (EBV) and Cytomegalovirus (CMV) Reactivations With and Without Targeted Treatment

(Rituximab or Ganciclovir, Respectively).

Percentage of reactivation from entire patient population

Age (median, range)

Sex (% male)

SARS-CoV2 positive at time of reactivation

Days from first positive SARS-CoV2 PCR to reactivation
(median, range)

Reactivation while receiving steroid treatment

Reactivation after receiving steroid treatment

Patients with immunosuppression

Maximum viral copies in IU/mL (median, range)

ICU survival

EBYV reactivation CMV reactivation

19/117 (16%) L1117 (9%)
60 (16-80) 51 (16-80)

17/19 (89%) 911 (82%)
12/19 (63%) 4/10 (40%)
17 (0-43) 33 (3-82)

11/19 (58%) 6/11 (55%)
6/19 (32%) 3/11 (27%)
8/19 (42%) 311 (27%)

7160
(1030-4 090 000)
7/19 (37%)

4440 (1030-36 900)

6/11 (55%)

No treatment No treatment

Treatment (n=7) (n=12) Treatment (n=7) (n=4)
Maximum viral copies in lU/mL (median, range) 26 000 3915 5930 3070
(1030-4 090 000) (1030-15 900) (2000-36 900) (1030-4440)
ICU survival 2/7 (29%) 5/12 (42%) 6/7 (86%) 0/4 (0%)
Days from reactivation diagnosis to death (median, 12 (10-23) Il (2-68) 5 6 (4-28)
range)
Days from reactivation diagnosis to discharge (median, 26 (11-40) 8 (4-9) 13 (4-17) -

range)

Abbreviations: ICU, intensive care unit; PCR, polymerase chain reaction.

from viral reactivation to ICU discharge or time from viral reac-
tivation to death is illustrated in Table 1.

Laboratory Values

Twenty-one (88%) of 24 patients with EBV or CMV reactiva-
tion had a persisting fever. Inflammatory laboratory parameters
varied distinctly between patients (Supplemental Table 1).
However, no correlations between viremia and C-reactive
protein, ferritin, interleukin-6, and neutrophil-to-lymphocyte
ratio were identified for both EBV and CMYV reactivations. In
addition, no correlations between viremia and the transaminases
as well as bilirubin were detected.

Control Group

A total of 126 SARS-CoV-2 negative patients were treated for
sepsis on the reporting ICU in the analyzed time period between
March 2020 and March 2021 and were therefore included as
control group. Thirty-four (27%) of these 126 patients tested
positive for either EBV or CMV reactivation during their [CU
stay. Eighteen (14%) of 126 patients tested positive for
EBV reactivation. Fifteen (83%) of these 18 patients were
immunosuppressed; 7 (47%) of these 15 immunosuppressed
patients were additionally treated with corticosteroids during
their ICU stay. Two patients with EBV reactivation were
neither immunosuppressed nor underwent treatment with
corticosteroids.

Sixteen (13%) of the 126 patients in the control group tested
positive for CMV reactivation; 14 (88%) of these 16 patients
were immunosuppressed and 5 (36%) of these 14 patients
also received corticosteroids during their ICU stay. One of
these 16 patients was neither immunosuppressed nor received
corticosteroids. One patient who tested positive for both EBV
and CMV reactivation was not immunosuppressed but was
treated with corticosteroids.

Discussion

The present descriptive analysis indicates that reactivation of
EBV and CMV with more than 1000 IU/mL are highly preva-
lent in critically ill patients with COVID-19. These findings are
in line with previously presented data.”*'°

Although EBV reactivations occurred earlier after
SARS-CoV-2 diagnosis and some patients still received dexa-
methasone as part of their COVID-19 treatment at the time of
EBV reactivation, CMV reactivations were diagnosed later
after a median of 30 days from SARS-CoV-2 diagnosis. At
this time point, corticosteroids were administered only in case
of persistent hyperinflammation and not as part of the initial
COVID-19 treatment.

However, the majority of EBV (58%) and CMV reactiva-
tions (55%) in our study were detected in patients under high-
dose systemic corticosteroid treatment. This finding is in
agreement with previous findings in critically ill, non-COVID
patients, where the use of high-dose corticosteroid treatment
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has been reported as a risk factor for HV reactivation.>
Nonetheless, whether corticosteroids play a substantial role in
EBV and CMV reactivation due to their immunosuppressive
effects or if HV reactivations are triggered by the critical
medical condition itself, as other studies reported,'™ is still
up to debate.

The findings of our control group show that the percentage
of critically ill patients with HV reactivation is similar (21%
vs 27%) in SARS-CoV-2 positive and negative patients. This
suggests that HV reactivation is triggered by the critical

condition and rather not specifically by SARS-CoV-2.
However, larger studies are needed to exclude SARS-CoV-2
infection as an independent risk factor.

Although the number of immunosuppressed patients both in
the SARS-CoV-2 and the control group were high, our results
show similar or lower rates of HV reactivation than previous
studies.””

There is also controversy whether EBV and CMV reactiva-
tions in patients with severe COVID-19 represent independent
factors that trigger hyperinflammation requiring treatment or
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Figure 4. Cytomegalovirus (CMV) load in IU/mL at time of maximum virus copies (in the treatment group at time of treatment) and at
one-week follow-up for all available patients. The number of patients included and percentage share of viral load reduction are listed below the

graph.
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Figure 5. Kaplan-Meier survival curve of intensive care unit (ICU) COVID-I9 patients with Epstein-Barr virus (EBV) and cytomegalovirus

(CMV) reactivations.

whether reactivations of these viruses are solely epiphenomena
of the critical medical condition.

In most patients, viral reactivations were considered as epi-
phenomena and follow-up tests were performed regularly until
viremia resolved. No correlations between viremia and inflam-
matory laboratory parameters were identified. Treatment with
rituximab (used in 32% of all patients with EBV reactivations)
or ganciclovir (used in 60% of all patients with CMV reactiva-
tions) was only initiated in a subset of patients, showing evi-
dence of severe hyperinflammation and/or critical clinical
deterioration defined as an increase in vasopressor dose or
increase in ventilation pressure or fraction of inspired oxygen.
Follow-up analysis in these patients showed that the initiation
of treatment lead to decrease in viral load. Interestingly, 5 of
the patients who were treated with ganciclovir survived the
ICU stay, while none of the patients with CMV reactivation
without ganciclovir treatment survived. Nonetheless given the
limited patient number in our analysis and especially consider-
ing the results of the recently published double-blind, controlled,
randomized trial, which showed no benefit for a preemptive
treatment with ganciclovir in critically ill patients,'* a treatment
recommendation cannot be derived. No such difference in the
ICU survival was observed in the patients with EBV reactivation
with regard to rituximab treatment.

This analysis has several limitations, in particular the retro-
spective design, the limited patient number, the lack of histolog-
ical and autopsy specimen, as well as the selection bias due to
analyzing only patients with signs of hyperinflammation or
clinical deterioration.

However, the illustrated cases shed light on EBV and CMV
reactivations in COVID-19 patients with respect to systemic
corticosteroid treatment and provide insights for larger studies
on monitoring and potentially treating viral reactivations in
COVID-19 patients. A larger, multicentric, prospective trial

would be needed to systematically analyze HV reactivations
in COVID-19 patients and evaluate the necessity for targeted
treatment.

Conclusion

Critically ill patients with COVID-19 are at high risk for both
EBV and CMV reactivations. Whether viral reactivations are
a pathologic cause of hyperinflammation in need of treatment
or epiphenomena related to the severity of COVID-19 or the
treatment with systemic corticosteroids remains uncertain.
However, in patients with clinical deterioration or signs of
hyperinflammation, targeted treatment for viral reactivation
might be beneficial and warrants further studying.
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