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Abstract

Background: Herpesviridae reactivation among non-immunocompromised critically ill patients is associated with
impaired prognosis, especially during acute respiratory distress syndrome (ARDS). However, little is known about
herpes simplex virus (HSV) and Cytomegalovirus (CMV) reactivation occurring in patients with severe ARDS under
veno-venous extracorporeal membrane oxygenation (ECMO). We tried to determine the frequency of Herpesviridae
reactivation and its impact on patients' prognosis during ECMO for severe ARDS.

Results: During a 5-year period, 123 non-immunocompromised patients with a severe ARDS requiring a veno-
venous ECMO were included. Sixty-seven patients (54%) experienced HSV and/or CMV reactivation during ECMO
course (20 viral co-infection, 40 HSV alone, and 7 CMV alone). HSV reactivation occurred earlier than CMV after the
beginning of MV [(6-15) vs. 19 (13-29) days; p < 0.01] and after ECMO implementation [(2-8) vs. 14 (10-20) days;
p<0.01]. In univariate analysis, HSV/CMV reactivation was associated with a longer duration of mechanical ventila-
tion [(22-52.5) vs. 17.5 (9-28) days; p <0.01], a longer duration of ECMO [15 (10-22.5) vs. 9 (5-14) days; p<0.01],and a
prolonged ICU [29 (19.5-47.5) vs. 16 (9-30) days; p<0.01] and hospital stay [44 (29-63.5) vs. 24 (11-43) days; p<0.01]
as compared to non-reactivated patients. However, in multivariate analysis, viral reactivation remained associated with
prolonged MV only. When considered separately, both HSV and CMV reactivation were associated with a longer dura-
tion of MV as compared to non-reactivation patients [29 (19.5-41) and 28 (20.5-37), respectively, vs. 17.5 (9-28) days;
p <0.05]. Co-reactivation patients had a longer duration of MV [58.5 (38-72.3), p<0.05] and ICU stay [51.5 (32.5-69)
vs. 27.5 (17.75-35.5) and 29 (20-30.5), respectively] as compared to patients with HSV or CMV reactivation alone. In
multivariate analysis, HSV reactivation remained independently associated with a longer duration of MV and hospital
length of stay.

Conclusions: Herpesviridae reactivation is frequent among patients with severe ARDS under veno-venous ECMO and
is associated with a longer duration of mechanical ventilation. The direct causative link between HSV and CMV reacti-
vation and respiratory function worsening under ECMO remains to be confirmed.
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Background

Herpes simplex virus (HSV) and Cytomegalovirus (CMV)
belong to the Herpesviridae family and are characterized
by an often asymptomatic primo-infection generally dur-
ing childhood followed by a latency phase. In immuno-
compromised subjects, Herpesviridae are common viral
causes of opportunistic infections. But HSV and CMV
reactivations are also frequently reported in intensive
care unit (ICU) non-immunocompromised patients [1,
2]. Reactivation ranges from 13 to 64% and 15 to 45%
for HSV and CMYV, respectively [3, 4]. Herpesviridae
reactivation in immunocompetent ICU patients is asso-
ciated with poorer outcome [5]. HSV pulmonary reacti-
vation has been described to be associated with a longer
mechanical ventilation (MV) duration, ICU stay and
mortality [2, 6, 7]. CMV reactivation is also associated
with a higher mortality, MV duration and ICU length of
stay [8]. In particular, CMV has been identified as a cause
of persistent acute respiratory distress syndrome (ARDS)
[9] and has also been shown to increase the mortality in
ARDS patients [10]. However, despite these associations,
the debate on the proper pathogen role of Herpesviridae
rather than being a witness of patients’ severity is still
ongoing. Studies failed to demonstrate that CMV proph-
ylaxis was able to decrease Il-6 plasma levels in CMV
seropositive critically ill patients [11] or to decrease mor-
tality [12]. The role of Herpesviridae pre-emptive treat-
ment among ICU patients has been recently evaluated in
a randomized controlled trial (RCT) (NCT 02152358).
The data concerning HSV showed that preemptive acy-
clovir did not decrease the duration of MV although
a trend towards lower mortality was found in treated
patients [13].

The most frequent risk factors for CMV and HSV reac-
tivation in the ICU are patients severity, sepsis, prolonged
MV [14], high-dose corticosteroid therapy, acute renal
failure or massive transfusion [15], with a strong associa-
tion for MV and sepsis [16]. Patients under veno-venous
extracorporeal membrane oxygenation (VV ECMO) for
severe ARDS [17] often combine several or all of these
risk factors [18]. Despite the uncertainties regarding the
exact role of Herpesviridae reactivation in immunocom-
petent critically ill patients, it might add to the pulmo-
nary pathology in patients with ARDS. In experimental
studies, CMV reactivation led to increased pulmonary
fibrosis [19] and accessing bacterial pneumonia [20].
These findings suggest that Herpesviridae-related pul-
monary pathology may be causally linked to the clinical
disease course following ARDS onset, especially in the
most severely ill patients who require prolonged mechan-
ical ventilation, and might particularly concern patients
under ECMO. However, despite the tight link that seems
to exist between Herpesviridae, mechanical ventilation
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and ARDS, no study has investigated the occurrence
of HSV and/or CMYV reactivation in patients under VV
ECMO. In this study, we aimed to assess the frequency of
herpesviruses reactivation during ECMO course and to
determine its impact on patients’ prognosis.

Methods

Study population

We conducted an observational, retrospective study in
a medical ICU (ARDS and ECMO referee center) at the
Marseille University Hospital between December 2011
and April 2017. Patients aged 18 or more, hospitalized
in the ICU for severe ARDS requiring a VV ECMO for
2 days or more were included. HSV and/or CMV reac-
tivation (see definition below) occurring after ECMO
insertion was screened for these patients. Patients with
immunosuppression (immunosuppressive treatments
including corticosteroids >0.5 mg/kg/day prednisone-
equivalent within 30 days prior to inclusion, severe neu-
tropenia <0.5 G/L of neutrophils, HIV seropositivity,
bone marrow or solid organ transplantation), antiviral
therapy against HSV and/or CMV prior to inclusion, or
HSV/CMV reactivation known at the time of ECMO
insertion were excluded.

HSV and CMV reactivation

At the time of the study, HSV and CMV screening were
routinely performed twice weekly in all patients under
MV.

HSYV reactivation was defined by a positive qualitative
throat sample (Virocult®) PCR.

CMV reactivation was defined by a positive quantita-
tive blood PCR with a copy number > 500/ml.

When a broncho-alveolar lavage (BAL) was performed
for suspicion of ventilator-associated pneumonia, HSV
and CMV PCR were systematically realized in BAL and
blood.

CMYV viral loads were converted in IU/ml and quali-
fied as “high reactivation” for viral loads greater than or
equal to 1000 IU/ml or “low reactivation” for viral loads
0f 100-999 IU/ml [10].

CMYV antigenemia was also researched in case of reac-
tivation suspicion.

Baseline assessment and data collection

The following data were retrospectively recorded from
the patients’ medical file: age, sex, Simplified Acute Phys-
iologic Score II (SAPS II) [21], Sequential Organ Failure
Assessment (SOFA) score [22], presence of co-morbidi-
ties, presence of previous immunosuppression, cause of
ARDS, date of MV initiation, date of ECMO implemen-
tation, other organ failure associated with ARDS during
ICU stay (in particular need for catecholamines or renal
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replacement therapy), blood transfusion, post-aggressive
pulmonary fibrosis (defined by an alveolar procollagen III
higher than 9 pg/l) [23], time of HSV/CMV reactivation,
delay between MV and HSV/CMV reactivation, delay
between ECMO and HSV/CMYV reactivation, duration of
MV (from the day of intubation to the day of MV wean-
ing), ECMO duration (from the day of ECMO implemen-
tation to its removal or death), ECMO-free days at day 28,
ventilator-free days (VFD) at day 28, ICU length of stay
[from the day of ICU admission (in the first ICU if the
patient was referred from another hospital) to discharge],
hospital length of stay [from the admission to hospital
(in the original hospital if the patient was referred from
another hospital) to discharge to home or to rehabilita-
tion ward], ICU and hospital mortality, acyclovir or gan-
ciclovir treatment after reactivation under ECMO.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statis-
tics version 20.0 (IBM SPSS Inc., Chicago, IL, USA). First,
a univariate analysis was performed. Data were expressed
as mean *the standard deviation or median with inter-
quartile range for the quantitative variables, and as num-
bers and percentages for the categorical variables. Patient
characteristics and clinical outcomes were compared to
the viral reactivation status of the patients or antiviral
treatment.

Groups were compared using the Chi-square or Fish-
er’s exact test for categorical characteristics, and using
the Student’s ¢ test or Mann—Whitney U test for continu-
ous ones, as appropriate.
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Then a multivariate analysis was performed to assess
the independent effect of viral reactivation on different
outcomes.

Multiple linear regression was used to construct mod-
els. Variables that were marginally significant (p<0.10)
in the univariate analysis, and that had clinical relevance
were included in the regression models. Beta coefficients
and their p values were presented.

A two-sided p value less than 0.05 was considered sta-
tistically significant.

Results

During the study period, 181 patients were admit-
ted to our ICU for severe ARDS requiring a VV ECMO
for 2 days or more (see flowchart, Fig. 1). Of these, 58
patients were excluded because of immunosuppres-
sion (44 patients), HSV/CMYV reactivation at the time of
ECMO implementation (10 patients) or acyclovir/ganci-
clovir treatment before ECMO (4 patients). Among the
123 patients included, 67 patients (54%) experienced
HSV and/or CMV reactivation during the ICU stay and
56 (46%) were free from HSV/CMV reactivation at the
time of ICU discharge or death.

Patients’ characteristics

Population’s characteristics are presented in Table 1.
Patients with HSV/CMYV reactivation had a longer MV

before ECMO than non-reactivated patients (p <0.01).

HSV/CMV reactivation
Among the 67 patients experiencing HSV/CMYV reactiva-
tion under ECMO, 40 had HSV reactivation alone, 7 had

N=181

VV-ECMO 2 2 days for ARDS -

58 patients excluded:

25 lung transplantations

- 19 other causes of IS (renal
transplantation,

chemotherapy,
hematologic malignancies,
chronic

immunosuppressive
treatment, HIV)

- 10 HSV/CMV reactivations
before ECMO

’ 123 patients included

4 acyclovir/ganciclovir

treatment before ECMO

67 patients with HSV/CMV reactivation:
- 40 HSV alone

- 7CMV alone

- 20 co-reactivation

oxygenation

Fig. 1 Study flowchart. CMV Cytomegalovirus, HSV herpes simplex virus, IS immunosuppression, VW-ECMO veno-venous extracorporeal membrane

56 patients with no HSV/CMV reactivation
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Table 1 Patients’ characteristics at ICU admission
Reactivation (n=67) Non-reactivation (n=56) p value
Patient characteristics
Age (years, mean +SD) 529 (+15.7) 506 (+12.9) 0.39
Male gender (%) 49 (73) 38 (68) 0.66
Cancer (%) 10 (15) 50 0.46
Diabetes mellitus (%) 8(12) 4(7) 0.56
Congestive heart failure (%) 10 (15) 309 0.15
COPD (%) 15(22) 7(13) 0.24
Chronic renal failure (%) 3¢ 0(0) 0.25
Smoker (%) 42 (63) 26 (46) 0.10
Surgical reason for admission (%) 12(18) 7 (13) 0.56
ARDS of primary pulmonary origin (%) 60 (90) 47 (84) 0.51
MV before ECMO (days) (median, 1st-3rd quartile) 4(1-8) 1(1-5) <0.01
Markers of disease severity at ICU admission
IGS2 score (mean £ SD) 513(£15.2) 508 (£16.5) 0.86
SOFA score (mean=£SD) 9.7 (£4.0) 10.7 (£4.1) 0.18
Septic shock (%) 58 (87) 46 (82) 0.67
Acute renal failure (%) 45 (67) 40 (71) 0.75

Data are presented as median and interquartile range or mean =+ standard deviation or absolute value and percentage

CMV reactivation alone and 20 patients had both viruses’
reactivation (co-reactivation). HSV reactivation was diag-
nosed by throat sample in 38 (63%) patients and 21 (35%)
patients had a positive PCR in BAL. Only 3 patients (5%)
exhibited a positive HSV viremia. CMV reactivation was
diagnosed in blood for 22 (81%) patients and 5 (19%)
patients had a positive PCR in BAL. HSV reactivation
occurred earlier after the beginning of MV than CMV
[10 (6—15) vs. 19 (13-29) days; p<0.01] and after ECMO
implementation [4 (2—8) vs. 14 (10-20) days; p <0.01].

Mean CMV viral loads (in blood or BAL) were
6916+8934 IU/ml with a high reactivation for 25 (93%)
patients.

Table 2 Clinical outcomes according to reactivation status

Clinical outcomes in reactivated and non-reactivated
patients
Clinical outcomes are presented in Table 2.

Patients exhibiting HSV/CMV reactivation received
more transfusion [11 (7-21.5) vs. 10 (6—15) red cells pel-
lets; p =0.05]. Pulmonary fibrosis, diagnosed by an alveo-
lar procollagen III>9 uG/l, was not different between
both groups.

In univariate analysis, HSV/CMV reactivation was
associated with a longer duration of mechanical ven-
tilation [34 (22-52.5) vs. 17.5 (9-28) days; p<0.01], a
longer duration of ECMO [15 (10-22.5) vs. 9 (5-14)
days; p<0.01], and a prolonged ICU [29 (19.5-47.5) vs.

Reactivation (n=67) Non-reactivation (n=56) p value
Duration of mechanical ventilation? (days) 34 (22-52.5) 17.5(9-28) <0.01
Ventilator-free days at D28? (days) 0 (0-0) 0 (0-0) 0.16
Weaned from ECMO (%) 40 (60) 27 (48) 0.28
Duration of ECMO? (days) 15 (10-22.5) 9 (5-14) <0.01
ECMO-free days at D28? (days) 0(0-16) 0(0-17) 0.75
ICU mortality (%) 34(51) 33(59) 047
Hospital mortality (%) 35(52) 33(59) 0.58
ICU length of stay® (days) 29 (19.5-47.5) 16 (9-30) <0.01
Hospital length of stay? (days) 44 (29-63.5) 24 (11-43) <0.01
Pulmonary fibrosis (%) 16 (24) 8 (14) 0.27
Transfusion of blood products? 11 (7-21.5) 10 (6-15) 0.05

Data are presented as median and interquartile range or absolute value and percentage

2 Median, 1st-3rd quartile
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16 (9-30) days; p<0.01] and hospital stay [44 (29-63.5)
vs. 24 (11-43) days; p<0.01]. However, in multivariate
analysis (Table 3), viral reactivation remained associated
with prolonged MV only.

When analyzing separately patients discharged alive
from the ICU, duration of MV remained longer in the
reactivation group [38 (28-54) vs. 27 (18-35) days;
p<0.01].

Impact of HSV, CMV, and co-reactivation on clinical
outcomes

When separating patients according to HSV, CMYV, and
co-reactivation (HSV and CMV), we found that HSV
reactivation was associated with a longer duration of

Table 3 Association between HSV/CMV reactivation
and clinical outcomes
Coefficient p value

Mechanical ventilation duration

Viral reactivation 4.01 <0.01
ECMO duration

Viral reactivation 1.64 032
ICU length of stay

Viral reactivation —3.63 0.03
Hospital length of stay

Viral reactivation 0.82 0.73

Multivariate analysis evaluating, after adjustment on patients’ severity and
length of MV and ECMO duration before reactivation, the clinical impact of HSV/
CMV reactivation. The coefficient designates the number of days by which the
different endpoints are affected
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MV [29 (19.5-41) vs. 17.5 (9-28) days; p<0.05] and
ECMO [14 (9.75-20) vs. 9 (5-14) days; p<0.05] as
compared with non-reactivation patients. Patients with
CMYV alone also had a longer duration of MV as com-
pared with non-reactivation patients [28 (20.5-37) vs.
17.5 (9-28) days; p<0.05]. Co-reactivation patients
had a longer duration of MV [58.5 (38-72.3) vs. 29
(19.5-41), 28 (20.5-37) and 17.5 (9-28) days, respec-
tively; p<0.05] and ICU stay [51.5 (32.5-69) vs. 27.5
(17.75-35.5), 29 (20-30.5) and 16 (8.75-30.25) days,
respectively, p<0.05] as compared to HSV, CMYV, and
non-reactivation patients. Co-reactivation patients
had a longer ECMO duration as compared with non-
reactivation patients [19.5 (10.75-33) vs. 9 (5—14) days;
p<0.05], a longer hospital length of stay as compared
with HSV reactivation and non-reactivation patients
(70 (43.5-87) vs. 35 (26.75-56) and 24 (11-43) days;
p<0.05] (Table 4).

In multivariate analysis (Table 5), only HSV reactiva-
tion remained independently associated with a longer
duration of MV and hospital length of stay but a shorter
ICU stay.

Antiviral treatments

Thirty-four patients (51%) received an antiviral treat-
ment (acyclovir or ganciclovir) during ECMO course.
No difference in clinical outcomes was found between
treated and untreated patients except a trend towards
longer duration of MV for treated patients (Additional
file 1: Table S1).

Table 4 Clinical outcomes in HSV, CMV, HSV and CMV (co-reactivation) or non-reactivation groups

HSV reactivation (n=40) CMV reactivation (n=7) HSV and CMV Non reactivation (n=56)
reactivation
(n=20)
Duration of mechanical ventilation® (days) 29 (19.5-41)?° (20.5-37)>P 585 (38-723)>%¢ 175 (9-28)><4
Ventilator-free days at D28° (days) 0(0-0) (0-0) 0(0-0) 0(0-0)
Weaned from ECMO (%) 23 (58) (29) 15 (75) 27 (48)
Duration of ECMOE® (days) 14 (9.75-20)° (9.5-16) 19.5 (10.75-33)° 9 (5-14)P¢
ECMO-free days at D28° (days) 0(0-16) (0-7) 5.5(0-17.25) 0(0-17)
ICU mortality (%) 20 (50) (71) 9 (45) 33(59)
Hospital mortality (%) 20 (50) (71) 10 (50) 33 (59)
ICU length of stay® (days) 27.5(17.75-35.5) 29 (20-30.5)° 51.5 (32.5-69)> 16 (8.75-30.25)°
Hospital length of stay® (days) 35 (26.75-56) 29 (23-44) 70 (43.5-87)*¢ 24 (11-43)P

Data are presented as median and interquartile range or absolute value and percentage

2 p<0.05 compared with non-reactivation group

b p<0.05 compared with HSV and CMV reactivation
€ p<0.05 compared with HSV reactivation

4 p<0.05 compared with CMV reactivation

¢ Median, 1st-3rd quartile
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Table 5 Association between HSV, CMV or HSV and CMV
reactivation and clinical outcomes

Mechanical ventilation

duration
Coefficient p value
HSV reactivation 423 <0.01
CMV reactivation 2.89 0.32
HSV and CMV reactivation 354 0.11
ECMO duration
HSV reactivation 2.14 0.26
CMV reactivation 2.23 0.51
HSV and CMV reactivation 388 0.14
ICU length of stay
HSV reactivation —4 0.02
CMV reactivation —338 0.24
HSV and CMV reactivation —2.01 042
Hospital length of stay
HSV reactivation 9.39 0.02
CMV reactivation —6.25 0.57
HSV and CMV reactivation 449 0.52

Multivariate analysis evaluating the clinical impact of HSV, CMV or HSV and CMV
reactivation on MV and ECMO duration, ICU and hospital length of stay. The
coefficient designates the number of days by which the different endpoints are
affected

Discussion

Until today, no data have been published concern-
ing Herpesviridae reactivation in ICU patients under
VV ECMO for severe ARDS. In this retrospective
study covering a 5-year period, we found that HSV/
CMV reactivation was frequent and concerned more
than half non-immunocompromised patients, which is
higher than that described in previous studies includ-
ing all ICU patients [4, 8, 14]. This might be explained
by several reasons: the use of PCR to diagnose reacti-
vation with a higher sensitivity than older technics, the
age of our cohort of patients (with a high probability
of seropositivity for HSV and CMV at ICU admission)
and the frequency of sepsis with a probable induced
“immunoparalysis” [24]. In our cohort, HSV reactiva-
tion occurred earlier than CMV reactivation and the
median time of reactivation for both viruses was com-
parable to what is described in “non-ECMO” patients
[25]. CMV viral loads in blood and BAL were high in
almost all patients. Elevated CMV viremia is associated
with a higher risk of death or prolonged hospitalization
[4].

Patients included were comparable except for the dura-
tion of MV before ECMO that was longer in the reactiva-
tion group. It is well known that MV is a risk factor for
Herpesviridae reactivation with a strong association for
CMV [16].
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We found that Herpesviridae reactivation was associ-
ated with a prolonged MYV, this association persisting in
multi-variate analysis. We also found in these patients
a prolonged ECMO duration, ICU, and hospital stay,
although not confirmed in multivariate analysis. In a
recently published meta-analysis, Li et al. [8] showed
that CMV reactivation was associated with an increase
of 9 days in MV and a 12 days increase in ICU stay.
These results confirmed those published by Limaye
et al. [4], which showed that CMV viremia among ICU
patients was associated with a higher risk of death or
prolonged ICU stay > 30 days. Similarly, in a case—con-
trol study [15], CMV reactivation was associated with
a prolonged duration of MV and ICU stay. In a specific
population of ARDS patients, Ong et al. [10] demon-
strated that patients with CMV reactivation had a 15
(10-26) days median duration of MV as compared to 8
(6—12) days for non-reactivated patients. ICU length of
stay was also longer [16 (11-28) vs. 9 (7-14) days] for
reactivated patients. Same results have been published
concerning HSV reactivation [2, 6], especially during
ARDS. Our findings suggest that Herpesviridae reac-
tivation is associated with worse outcomes for ARDS
patients including when they are under ECMO. When
examining the impact of each virus separately, we
found that both HSV and CMV were associated with a
prolonged MV, and also ECMO duration for HSV. Co-
reactivation had a negative effect not only on MV and
ECMO duration but also on ICU and hospital stay, as
compared to patients free from reactivation or with
only one virus. HSV was independently associated with
a longer duration of MV and hospital length of stay but,
surprisingly, a shorter ICU stay. These results highlight
the potential negative role of HSV in ARDS patients
under ECMO. Very recently, Luyt et al. [13] showed
that preemptive treatment with acyclovir, compared to
placebo, for mechanically ventilated patients with oro-
pharyngeal HSV reactivation, was not associated with
shorter MV duration. However, a trend towards lower
day-60 mortality was observed in the acyclovir group.
In our cohort, more than half of the patients were
treated after the diagnosis of viral reactivation. Treat-
ment with acyclovir or ganciclovir did not improve the
outcomes, with a trend for longer duration of MV in
the sub-group of treated patients. These results might
be explained by the fact that anti-viral treatment was
decided by clinicians more frequently in case of wors-
ening respiratory status, persisting fever or end-organ
HSV/CMYV disease, and so reserved for the most severe
patients. We did not find any increase in renal failure
in patients receiving antiviral drugs, which was also
noticed in Luyt et al’s study [13]. However, we cannot
exclude any other side effects.
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Our study has some limitations. First, the retrospective
design of our cohort, counterbalanced by the important
number of patients included during this 5-year period.
Second, the applicability of our results to the general
population of patients under ECMO must be considered
cautiously considering the high rate of patients treated
with antiviral drugs after reactivation. However, in non-
EMCO patients, routine screening of Herpesviridae has
been reported as well as the use of antiviral treatment
despite the lack of recommendation [3, 15, 16]. Third, few
patients developed an isolated CMV reactivation. This
precludes to conclude clearly on the specific impact of
CMV in our cohort of patients. Fourth, our methods do
not prevent competing risks. In particular, the difference
in MV duration between reactivated and non-reactivated
patients might have been influenced by the high mortal-
ity reported. However, this mortality was similar in both
groups and the difference of MV duration persisted when
considering only the patients discharged alive from the
ICU.

Finally, despite the statistical association, it is not pos-
sible to conclude whether Herpesviridae reactivation is
directly responsible for worse clinical outcomes or if it
is a consequence and a witness of the severity of the dis-
ease, as in non-ECMO populations [3].

Conclusions

Herpesviridae reactivation is frequent among patients
with severe ARDS under veno-venous ECMO and is
associated with a prolonged mechanical ventilation. This
association is present for HSV as well as CMV and also
for co-reactivation. The direct causative link between
HSV and CMV reactivation and respiratory function
worsening under ECMO remains to be confirmed.
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