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Abstract

Objectives To assess the incidences of Herpes Simplex-1 and 2 (HSV-1, HSV-2), Cytomegalovirus (CMV), Epstein—Barr
Virus (EBV) reactivations in critically ill COVID-19 patients. To determine the association between viral reactivation

and in-hospital mortality, Intensive Care Unit Bloodstream infection (ICU-BSI), ventilator-associated pneumonia (VAP).
Design Observational retrospective cohort study.

Setting COVID-19 Intensive Care Unit.

Patients From November 2020 to May 2021, one hundred and twenty patients with COVID-19 severe pneumonia
were enrolled and tested for HSV-1, HSV-2, CMV and EBV at the admission in ICU and weekly until discharge or death.
The presence of VAP and ICU-BSI was evaluated according to clinical judgement and specific diagnostic criteria.
Measurements and main results One hundred and twenty patients were enrolled. Multiple reactivations occurred
in 75/120 (63%) patients, single reactivation in 27/120 patients (23%). The most reactivated Herpesvirus was EBV,
found in 78/120 (65%) patients. The multivariate analysis demonstrated that viral reactivation is a strong independ-
ent risk factor for in-hospital mortality (OR=2.46, 95% Cl 1.02-5.89), ICU-BSI (OR=2.37,95% Cl 1.06-5.29) and VAP
(OR=2.64,95% Cl 1.20-5.82).

Conclusions Human Herpesviruses reactivations in critically ill patients with COVID-19 severe Pneumonia are associ-
ated with mortality and with a higher risk to develop both VAP and ICU-BSI.

Key points

Question: The impact of Human Herpesviruses reactivations on the morbidity and mortality of COVID-19 critically ill
patients is controversial.

Findings: Critically ill patients with COVID-19 are at high risk for both EBV, HSV and CMV reactivations.

Meanings: Further large prospective studies will be necessary to clarify if the presence of active viral replication must
be considered causal agent affecting mortality or the indirect manifestation of immune paralysis in the worst patients.
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Introduction

The impact of Human Herpesviruses (HHVs) reactiva-
tions in critically ill patients remains highly debated. No
clear relationship has been shown between the devel-
opment of HHVs reactivations and deleterious conse-
quences regarding morbidity (prolonged mechanical
ventilation, bacterial superinfection and/or hospital stay)
and mortality. Therefore, there is no definitive answer to
the question whether viral reactivation is only one of the
hallmarks of the severity of an underlying disease or it is
directly responsible for organ disease such as pneumonia
[1-4] and colitis [5].

However, by modulating immune function and anti-
inflammatory response, these viruses might be respon-
sible for the occurrence of bacterial superinfections and/
or the worsening of pre-existing inflammatory processes
such as acute respiratory distress syndrome (ARDS) with
important therapeutic implications.

The clinical management remains highly heterogenous
in terms of prophylactic and therapeutic approaches [6].
To date, no clinical recommendations have been pro-
vided regarding the need for specific HHVs reactivations
treatments in critically ill patients.

Regarding critically ill patients affected by severe
COVID-19 pneumonia, few studies investigated the
impact of HHVs reactivations, such as Cytomegalovi-
rus (CMV), Epstein—Barr Virus (EBV), Herpes Simplex
Viruses (HSV1-2) reactivation on mortality and morbid-
ity, with still largely elusive conclusions in terms of prog-
nostic implications [7-10].

This study aims to analyze the impact of HHVs reac-
tivation (CMV; EBV; HSV1-2) in patients with severe
COVID-19 pneumonia primarily on mortality, and sec-
ondarily on ventilator-associated pneumonia (VAP) and
intensive care unit blood stream infection (ICU-BSI).

Patients and methods
In this monocentric retrospective cohort study, we
included 120 patients admitted for COVID-19 infection
between November 2020 and May 2021 in our dedicated
13-beds ICU (Intensive Care Unit COVID-19 depart-
ment, “Policlinico Universitario Campus Bio-Medico
di Roma", Italy). The study received approval by Ethi-
cal Committee of Fondazione Policlinico Universitario
Campus Bio-Medico on June 22nd, 2022 with protocol
number 46.22. Ethical approval stated that study plan is
according to national and international ethical standards
on medical research on human beings as established by
Helsinki Declaration, Institutional Council of Harmoni-
zation/Good Clinical Practice, and Oviedo Convention.
Study and manuscript were designed according to the
STROBE checklist.
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Given the non-interventional nature of the study, no
specific patient’s informed consents were required.

At the admission, all patients were re-tested for
COVID-19 infection by nucleic acid detection (Real-Time
Reverse Transcriptase Polymerase Chain Reaction, RT-
PCR) in nasopharyngeal swab, in accordance with World
Health Organisation (WHO) criteria [11], and positivity
was confirmed in all cases. All patients were treated with
corticosteroids according to WHO guidelines [11].

Patients with pre-existing immunodepression (defined
as hematological disease, EBV-induced malignancy, hav-
ing received immunosuppressive therapies in the last
3 months or having immunodeficiency syndromes) were
not included in the study.

At the admission, blood samples and bronchoalveo-
lar lavage were collected for PCR testing for EBV, CMV
HSV-1 and HSV-2. PCR testing was repeated periodically
every week.

EBV and CMYV reactivation were defined as the detec-
tion of DNA levels higher than 1000 IU/ml in real-time
quantitative PCR from peripheral blood according to
previous publication [12].

HSV reactivation was defined as the detection of a
virus load > 130 copie/ml in plasma.

Patients enrolled did not received anti-cytokine anti-
bodies that lie tocilizumab or anakinra.

Previous use of remdesivir was not considered an
exclusion criterion, if administered before ICU admission
and in accordance with treatment guidelines.

Primary endpoint of the study was the evaluation
of in-hospital mortality and to report the incidence of
CMYV, EBV, HSV-1 and HSV-2 reactivation in critically ill
patients with COVID-19 pneumonia.

Secondary endpoints include the occurrence of VAP
and ICU-BSI. In addition, we have investigated the
impact of lymphocyte count and C-reactive protein
(CRP) as hypothetical predictors of reactivation.

Our cohort of patients, given their critical illness, was
assumed to be at high risk of developing HHVs reacti-
vations and where, therefore, monitored during their
COVID-ICU stay. HHVs DNAemia was monitored with
RT-PCR at the admission and once a week until dis-
charge from COVID-ICU or death. CMV, EBV, HSV-1
and HSV-2 DNA were extracted from 500 pL of plasma
samples by using ALTOSTAR AM16 Instrument and
detection was performed by quantitative RT-PCR (Alto-
Star® CMV PCR Kit 1.5, AltoStar® EBV PCR Kit 1.5 and
AltoStar® HSV1/2 PCR Kit 1.5, Altona Diagnostics, Ger-
many). Lowest limit of sensitivity for the related assay
was 200 UI/mL for CMV and EBV and 130 cp/mL for
HSV1/2, respectively.

VAP was defined as a pneumonia occurring in
mechanically ventilated patients for at least 48 h [13].
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The following three criteria had to be fulfilled: (I) new
or progressive and persistent infiltrates or consolidation
or cavitation; (II) pathological body temperature (<36 °C
or>38 °C) or white blood cell count<4 or>12x 10? cells/
mm3; and (III) either the new onset/increase of purulent
aspirates or worsening gas exchange [13, 14]. In addition
to clinical criteria, a lower respiratory tract sample (bron-
choalveolar lavage, BAL) was performed to improve the
diagnostic accuracy and to focus and narrow the antibi-
otic therapy [13]; the diagnostic threshold for BAL was of
10* CFU/ml.

ICU-BSI was defined as the occurrence of a bacte-
riemia at least 48 h after ICU admission. Typical skin
contaminants (i.e., coagulase-negative staphylococci
[CoNS]) were included only if>2 blood cultures showed
the same phenotype on separate samples drawn within
a 48-h period, or>1 blood culture positive for clinical
sepsis, without any other infectious process, and with an
antibacterial agent just initiated by the attending physi-
cian [9, 15].

Based on clinical data and physicians’ judgement,
patients were screened both for bloodstream and for
pulmonary infection. CRP and lymphocyte count were
performed daily during COVID-ICU stay. Lymphocyte
count< 300 cells/uL was fixed as marker of severe lym-
phopenia. Data were collected by trained physicians:
medical history, epidemiological data, laboratory data
and outcomes were gathered for all patients from labora-
tory electronic medical records and clinical digital diary.
All patient’s data were anonymized and stored in a pass-
word protected personal computer.

Statistical analysis

Categorical variables are expressed as frequencies and
percentages and compared using Chi-squared test or
Fisher’s exact test, as appropriate. Continuous variables
were checked for normality with Kolmogorov—Smirnov
test. Normally distributed variables are shown as mean
and standard deviation and compared with parametric
tests (Student ¢ test). Not-normally distributed variables
are presented as median and interquartile range. Regres-
sion analysis was performed for binary outcomes (in-hos-
pital mortality) using logistic regression to estimate the
effect. Results of the univariable analysis were adjusted
for age and SAPS-II (Simplified Acute Physiology Score
II) score, and the resulting multivariable model was
presented. Variables with P value<0.200 at univariable
analysis were included in the multivariable model. Post-
estimation tests (c-statistic and Hosmer—Lemeshow test)
were performed to assess model fit. Considering patients
and events, no more than three variables could have been
included in a multivariable model to produce reliable
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Table 1 Specific viral reactivation and mortality
cMv EBV HSV-1 HSV-2
Reactivation (%) 61% 65% 48% 2.5%
Mortality among reactivated patients 67% 64%  66% 100%
(%)
Media delay between ICU admission 8 [3-13] 4 [2-7] 5([3-8]

and DNAemia detection (days [IR])

CMV (Cytomegalovirus), EBV (Epstein-Barr Virus), HSV-1 (Herpes Simplex Virus 1),
HSV-2 (Herpes Simplex Virus 2)

Table 2 Clinical endpoints in patients with or without viral
reactivation

No reactivation  Viral P value
N=45 reactivation
N=75
In-hospital death 22 (49%) 52 (69%) 0.026
ICU-BSI 19 (42%) 45 (60%) 0.059
VAP 17 (38%) 46 (61%) 0.012
LOS, days 12 [6-19] 27 [13-42] 0.001

ICU-BSI (Intensive Care Unit Bloodstream Infections), VAP (Ventilator-Associated
Pneumonia), LOS (Length of Stay)

data and avoid model overfit [15]. Statistical analysis was
performed with STATA ver 17 (personal licence).

Results

A total number of 120 patients were included in this
analysis. Demographic data are shown in Additional
file 1: Table S1. Median age was 61 years [range 55-71]
and most of patients were of male gender (88%, n=106).
Median length of stay (LOS) in our COVID-ICU was
18 days [range 9.25-37.75] and median SAPS-II was 35
[range 29-42]. COVID-19 pneumonia was managed
with high flow nasal oxygen (HFNO) cannula and/or
non-invasive ventilation (NIV) and/or invasive mechani-
cal ventilation; 45 patients (38%) required extracorpor-
eal membrane oxygenation (ECMO) (Additional file 1:
Table S1).

Remdesivir was administered to 66 patients (46%)
before ICU admission; no patients received antiviral
therapy before reactivation was diagnosed.

In-hospital events are summarized in Supplemen-
tary Data, Table 2. Multiple reactivations occurred in 75
patients (63%), while single-virus reactivation occurred
in 23% of cases (27 patients). At admission none of
patients tested positive for CMV, EBV, HSV-1 and HSV-2
in peripheral blood. Viruses’ detection was succeed-
ing to COVID-19 pneumonia for more than a week and
was all considered post-admission re-activations. Among
them, the most reactivated HHVs was EBV (65%, n="78)
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followed by CMV (61%, n=73). HSV-1 and HSV-2 reac-
tivation were found in 58 (48%) and 3 (2.5%) patients,
respectively. The paucity of data regarding HSV-2 reac-
tivation prevented any further statistical evaluation due
to the impossibility to reach a statistical significance.
Time from ICU admission to first positive DNAemia for
each virus and details about specific viral reactivation
and mortality in patients with reactivation are shown
in Table 1. Multiple reactivations (i.e., co-reactivations)
were concomitant in 27 patients (22.5%) and consecutive
in 48 patients (40.0%).

Viral reactivation was compared with clinical end-
points (Table 2): it was significantly associated with VAP
(P=0.012), even viral reactivation in absence of VAP was
observed in 29 patients (24%).

Details of specific viral reactivation and VAP are shown
in Table 3. Notably, the association between reactivation
and VAP is sustained by CMV reactivation. In addition,
multiple reactivations were significantly associated with
VAP (46 out of 63 VAPs occurred among the 75 patients
with any reactivation, P=0.012).

A significant trend was found in comparing lympho-
cyte count (<300 U/uL, marker of immunodepression)
and viral reactivation. Reactivation occurred in 26.6%
among patients with lymphocyte count>300 U/uL and
43.3% among patients with lymphocyte count<300 U/
uL, P=0.078. CRP values were lower among patients
with reactivation, with a median value of 2.8 mg/dL
(0-12.1) in reactivated vs 10.8 mg/dL (4.5-19.6) in non-
reactivated (P=0.001).

The evaluation of ICU-BSI and specific viral reac-
tivation showed that only EBV reactivation was

Table 3 Specific viral reactivation and VAP
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significantly associated with ICU-BSI (P=0.038), while
other viral reactivations did not achieve statistical sig-
nificance (Table 4). Despite lack of statistical signifi-
cance, ICU-BSI and viral reactivation might be related:
among 75 patients with reactivation, 45 (60%) had
ICU-BSI and ICU-BSI was found in 19 non reactivated
patients (42%) (P=0.059) (Table 2).

Regression analysis was, therefore, performed for
primary (in-hospital death) and secondary endpoints
(ICU-BSI and VAP) considering overall and spe-
cific (CMV, EBV and HSV-1) reactivation. Univariate
logistic regression analysis (Table 5) showed that viral
reactivation was associated with in-hospital mortal-
ity (Odds Ratio, OR=2.36, P=0.027); as for ICU-BSI,
a significant trend was found driven by EBV reactiva-
tion (OR 2.23, P=0.040). Reactivation (any viral reacti-
vation) carried a risk for VAP (OR=2.61, P=0.013). In
addition, regression analysis confirms the association
between CMYV reactivation and VAP (P=0.035) and the
relationship between EBV reactivation and ICU-BSI
(P=0.040).

Considering literature data, results of univariable
analysis were adjusted for age and SAPS II score. The
multivariable model confirmed that viral reactivation is
a strong independent risk factor for in-hospital death
(OR 2.46, P=0.045), ICU-BSI (OR 2.37, P=0.034)
and VAP (OR 2.64, P=0.016) (Table 6). Sub-analysis
for specific viral reactivation confirmed the associa-
tion between CMV and VAP as well as the association
between EBV and ICU-BSI.

VAP in patients with viral Viral reactivation without VAP VAP without reactivation P value
reactivation
CMV, 73 patients 44 (70%) 29 (40%) 19 (30%) 0.034
EBV, 78 patients 45 (71%) 33 (42%) 18 (43%) 0.122
HSV-1, 58 patients 34 (54%) 24 (41%) 29 (46%) 0.196
HSV-2, 3 patients 3(4.8%) 0 (0.0%) 60 (95%) 0.097
VAP (Ventilator-Associated Pneumonia), CMV (Cytomegalovirus), EBV (Epstein-Barr Virus), HSV-1 (Herpes Simplex Virus 1), HSV-2 (Herpes Simplex Virus 2)
Table 4 Specific viral reactivation and ICU-BSI
ICU-BSI in patients with viral Viral reactivation without ICU-BSI without P value
reactivation ICU-BSI reactivation
CMV, 73 patients 44 (60%) 29 (40%) 20 (43%) 0.058
EBV, 78 patients 47 (60%) 31 (40%) 17 (41%) 0.038
HSV-1, 58 patients 32 (55%) 26 (45%) 32 (52%) 0.696
HSV-2, 3 patients 2 (68%) 1(33%) 62 (53%) 0.639

ICU-BSI (Intensive Care Unit Bloodstream Infections), CMV (Cytomegalovirus), EBV (Epstein-Barr Virus), HSV-1 (Herpes Simplex Virus 1), HSV-2 (Herpes Simplex Virus 2)
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Table 5 Clinical endpoints and viral reactivation: univariate analysis
Any viral reactivation cMv EBV HSV-1
In-hospital death 236 (1.10-5.07) 1.79(0.84-3.81) 1.34 (0.62-2.889) 1.37 (0.65-2.88)
P=0.027 P=0.127 P=0.455 P=0.402
ICU-BSI 2.05(0.97-4.35) 2.05(0.97-4.31) 2.23(1.04-4.79) 1.15(0.56-2.37)
P=0.060 P=0.059 P=0.040 P=0.696
VAP 261 (1.22-5.59) 2.23(1.06-4.72) 1.81(0.85-3.88) 1.61(0.78-3.32)
P=0.013 P=0.035 P=0.122 P=0.195

Data are shown as odds ratio (95% confidence interval)

ICU-BSI (Intensive Care Unit Bloodstream Infections), VAP (Ventilator-Associated Pneumonia), CMV (Cytomegalovirus), EBV (Epstein-Barr Virus), HSV-1 (Herpes Simplex

Virus 1)

Table 6 Clinical endpoints and viral reactivation: adjusted analysis

Any viral reactivation cmMv

EBV HSV-1

In-hospital death  2.46 (1.02-5.89)
P=0.045
Age: 1.04 (1.01-1.07), P=0.042

2.28 (0.96-5.44)
P=0.062

Age: 1.05 (1.00-1.09), P=0.053  Age: 1.06 (0.92-1.20), P=0.071

1.16 (0.48-2.79)
P=0.736

1.13 (0.49-2.60)
P=0.736
Age: 1.05 (0.84-1.31), P=0.375

SAPS: 134 (1.12-1.56), P=0.034  SAPS: 1.39 (1.10-1.69), P=0.032 SAPS: 1.42 (0.82-2.08), P=0.128 SAPS: 1.50 (0.78-2.31), P=0.481

AUC=0.758 HL=0.37

ICU-BSI 2.37 (1.06-5.29) 2.38(1.08-5.22) 241(1.08-5.37) 1.10(0.52-2.34)
P=0.034 P=0.031 P=0.031 P=0.786
Age: 1.12(1.05-1.20), P=0.029  Age: 1.15(1.08-1.23), P=0.028  Age:1.07 (1.02-1.12), P=0.047  Age: 1.83 (0.95-2.78), P=0.087
SAPS: 1.25 (1.14-1.35), P=0.037  SAPS: 1.32 (1.10-1.55), P=0.039 SAPS: 1.44 (0.84-2.12), P=0.124 SAPS: 2.18 (0.52-3.83), P=0.420
AUC=0.646 HL=0.37

VAP 2.64(1.20-5.82) 2.33(1.08-5.02) 1.73(0.79-3.74) 1.59(0.75-3.35)

P=0016
Age: 142 (1.21-163), P=0027

P=0.030

Age:1.51(1.24-1.78), P=0.028

P=0.164 P=0.220
Age: 1.37 (0.95-1.75), P=0.058  Age: 1.72 (0.75-2.57), P=0.671

SAPS: 1.74 (129-2.20), P=0.019  SAPS: 1.68 (1.29-2.01), P=0.035 SAPS: 1.89 (1.14-2.73), P=0.039 SAPS: 2.58 (0.85-4.18), P=0.394

AUC=0.649 HL=047

Data are shown as odds ratio (95% confidence interval). Data are adjusted for age and SAPS score

AUC Area Under the ROC Curve. HL P value associated with Hosmer-Lemeshow test. ICU-BS! (Intensive Care Unit Bloodstream Infections), VAP (Ventilator-Associated

Pneumonia)

Discussion

In this study, a total number of 120 patients admitted to
our ICU for severe COVID-19 pneumonia were screened
for HHVs reactivation (CMV, EBV, HSV-1 and HSV-2).

We found a high incidence of both multiple and single
reactivation; specifically, CMV, EBV, HSV-1 and HSV-2
were detected in blood samples in 61%, 65%, 48% and
2.5% of patients, respectively.

Epstein—Barr virus reactivation was the most frequent
and occurred earliest among the tested Herpetic viruses.
These results are consistent with previous study [8, 10].

The higher proportion of EBV reactivation is in line
with previous findings in critically ill COVID-19 and
non-COVID-19 patients, where the use of high-dose cor-
ticosteroid treatment has been reported as a risk factor
for HHVs reactivations [10, 12].

The incidences found in our experience are higher
compared to the frequencies reported in larger studies
for septic-shock patients (18—40% for CMV and 10-24%
for HHV-6) [1, 2, 5, 9, 12]and in other studies conducted
on COVID-19 critically ill patients [8, 17].

Our patients had several risk factors for viral reacti-
vations: the first one is COVID-19 infection which is
responsible itself for a tendency to develop lymphope-
nia. The second one is corticosteroid therapy, admin-
istered according to WHO guidelines. The third is the
critical illness itself which is an independent risk factor
for HS reactivations even in absence of both COVID-
19 pneumonia and immunosuppression [12, 18]. There-
fore, we believe that all these risk factors could be
synergistically responsible for both the high incidence
of viral reactivations and for mortality.

We aimed to clarify the prognostic implication of
HHVs reactivations, which is still elusive and makes
its clinical management still heterogeneous [6]; we,
therefore, assessed the impact of these reactivations
on mortality and, as previously reported, a significant
association was found. After adjustment for baseline
characteristics, such as age and SAPS II score, viral
reactivation carries a significant risk of in-hospital mor-
tality in our cohort of COVID-19 critically ill patients.
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In a retrospective study conducted by Saade et al. [7],
they evaluated the incidence of HHVs reactivation in a
cohort of 100 patients with severe COVID-19 pneumonia
admitted to the ICU of an onco-haematology academic
hospital. A total of 63 patients (63%) presented viral reac-
tivation during the ICU stay (12% for HSV-1, 58% EBV
and 19% CMYV). However different from us, baseline
patients’ characteristics were quite different (onco-hae-
matology intensive care unit) and surprisingly, despite
their critical illness and immunosuppression, no associa-
tion between viral reactivation and mortality was found.

Another retrospective study conducted on 20 critically
ill patients with COVID-19 pneumonia, confirmed the
lack of association between herpetic reactivations and
mortality; however, HSV-1 and HSV-2 were not included,
and the sample size was smaller [8].

A strong association between HSV-1 infection and
COVID-19 was demonstrated in different studies with no
definitive conclusions regarding the impact on mortality.
In a recent observational prospective study conducted
on 153 critically ill COVID-19 patients, the incidence of
HSV-1 reactivation was 26.1% with a day-60 mortality
higher in patients with HSV-1 reactivation (57.5%) versus
without (33.6%, P=0.001) [9];

Several authors demonstrated an association between
mortality and HHVs reactivation in critically ill patients
[19-21]. Our findings confirm these results in a cohort
of critically ill patients admitted to ICU for COVID-19
severe pneumonia. The pathophysiological mechanisms
responsible for a higher mortality and morbidity might
be the same described for critically ill non-COVID-19
patients: a direct cytopathic effect of HHVs and/or an
impairment of the immune system leading to a higher
risk for fungal and bacterial infections.

However, it is difficult to determine the causality
between HHVs reactivations and mortality since many
confounders might have been unmeasured, also consid-
ering the retrospective nature of this study.

The impact of HHVs reactivations on VAP has been
already described in literature with an incidence up to
31.0% in VAP intubated ICU patients [22].

To our best knowledge only few studies investigated
the association between HHVs reactivation and VAP in
COVID-19 critically ill patients.

Different from us, Meyer et al. showed an association
between HSV-1 reactivation and VAP which remained
significant after adjustment on several factors [9].

Giacobbe et al., found no association between HSV-1
reactivation in bronchoalveolar fluid samples and mor-
tality in mechanically ventilated COVID-19 patients. In
line with these results, it is reasonable that HSV-1 could
be a simple bystander and its presence might not reflect
a direct pathogenicity [6]. Another possibility is that the
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association with mortality and HSV-1 reactivation in
critically ill COVID-19 patients may be driven by blood
reactivation and not by respiratory reactivation [9].

In our experience, HHVs reactivations were found to
be associated with VAP; the association is significant in
those patients who experienced CMV reactivation. This
result confirms what found in a large study conducted by
Girardis et al., on 431 COVID-19 critically ill patients;
CMYV reactivation was found to be associated with higher
mortality and a high risk of developing bacterial superin-
fections, in particular VAP [23].

The rationale needs to be elucidated; it may be rea-
sonable to hypothesize that viral reactivation could be
responsible for both lung and/or respiratory tract injuries
(leading to a deterioration of gas exchange) [9] and bacte-
rial superinfection. Another plausible explanation is that
severe COVID-19 pneumonia exposes patients both to
bacterial superinfections and to an increased risk of viral
reactivation because of the induced immunosuppression.

Further larger studies are warranted to clarify the role
of this viral reactivation, but a practical clinical implica-
tion could be the possibility to identify patients at risk of
developing superinfections among COVID-19 patients
with HHVs reactivation.

A high incidence of bloodstream infection in COVID-
19 patients has been described in literature, with a sig-
nificant impact on mortality [24, 25].

The impact of HHVs reactivations on ICU-BSI remains
unclear and further studies will be necessary to clarify.
In our cohort, only EBV reactivation was found signifi-
cantly associated with ICU-BSI (OR=2.23, P=0.04); the
association between any viral reactivation and ICU-BSI
did not reach a statistical significance. To the best of our
knowledge, this is the first study suggesting a possible
relationship between EBV reactivation and the occur-
rence of ICU-BSL It is plausible that this finding may be
related to a play of the chance due to our reduced sample
size. Nevertheless, we believe that those results highlight
the importance of proper surveillance and further studies
are needed to address this finding.

Regarding lymphocyte count, viral reactivation
occurred in 43% patients with lymphocyte count <300 U/
uL versus 27% of patient with lymphocyte count>300
(P=0.078). Despite the lack of statistical significance,
this result underlines the importance of monitoring lym-
phocyte count during ICU stay since lymphopenia is
common in critically ill patients for a wide range of risk
factors [26, 27].

As previously reported, CRP values were lower among
reactivated patients. Not by chance, CRP values do not
reliably predict reactivation and no correlations between
viremia and markers of inflammation were identified, in
line with similar studies published [10].
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Limitations

This study has several limitations. First, the nature of
the study; this was a single-center, retrospective cohort
study. Second, the small sample size is a huge limit to
reach a statistical significance; further studies will be
necessary to confirm our findings. Third, results of
logistic regression analysis should be interpreted with
cautions considering the presence of competing risks
and their interplay. We acknowledge the importance
of the duration of mechanical ventilation and of the
details of ventilation (oro-tracheal intubation, non-
invasive ventilation, high flow nasal cannula [HFNC]).
However, ventilation mode was a time-dependent vari-
able (i.e., a patient might have received HFNC before
non-invasive ventilation) and the time-to-event was not
recorded; therefore, this variable was deemed unreli-
able for analysis, potentially leading to bias (e.g. model
overfit in regression analysis, considering the available
patients and the events). This might require tailored
investigation with ad hoc analysis and a larger data-
set. Finally, although HHVs reactivations were found
to be associated with VAP, we did not investigate the
impact of these viruses on the duration of mechanical
ventilation.

Conclusions

Our experience confirms the association between viral
reactivation and mortality even if in our cohort most
patients suffered of multiple viral reactivations.

We can, therefore, conclude that the association
between mortality and viral reactivations remains
unclear and further studies will be necessary to clarify
if the presence of active viral replication must be con-
sidered a real risk factor or only a simple bystander
[28].
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