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Over the past years, particular attention has been given 
to herpes virus reactivations among immunocompe-

tent critically ill patients. Although the true pathogenicity 
of these reactivations is still debated, some authors have 
hypothesized that it could be related to specific immune 
failure caused by sepsis or multi-organ failure. Others have 
argued that it is only a marker of severity. There is increas-

ing evidence that reactivation of cytomegalovirus (CMV) 
and herpes simplex virus (HSV) is associated with mortality 
or morbidity, mainly for ventilator-acquired pneumonia.[1,2] 

CMV seroprevalence ranges from 40% to 95% depending 
on several factors, including age and geographic area. HSV1 
seroprevalence is around 65% among the French population. 
Epstein–Barr virus (EBV) reactivation has been well docu-
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Background: Herpes viruses can be reactivated among immunocompe-
tent patients in intensive care unit (ICU). Cytomegalovirus 
(CMV) and herpes simplex virus (HSV) have been the 
most studied. We hypothesized that Epstein–Barr virus 
(EBV) could also be reactivated in immunocompetent 
patients during their stay in ICU and that this would be 
associated with morbidity and mortality.

Methods: This prospective observational study included 90 patients 
with an ICU stay of ≥ 5 days. CMV and HSV were consid-
ered when clinically suspected and DNA was researched 
in blood or bronchoalveolar lavage (BAL). EBV DNA 
viral quantification was performed in the blood samples.

Results: EBV DNA was detected in blood of 61 patients (median 
length for positivity of 7.5 days). CMV DNA was detected 
in blood of 16 patients (median length for positivity of 
13.5 days) and BAL of 6 patients. HSV1 DNA was detected 
in the BAL of 28 patients (median length for positivity of 7.5 days). Nineteen patients had no viral 
reactivation, 1 experienced only CMV, 32 had only EBV, 5 had only HSV, 6 had EBV and CMV, 14 
had EBV and HSV, and 9 patients reactivated three viruses. Mortality was higher among patients with 
EBV reactivation (33/61 vs. 7/25, p = 0.02). Length of stay (21 vs. 10 days, p < 0.001) and length of 
mechanical ventilation (15 vs. 7 days, p < 0.001) were higher among patients with EBV reactivation.

Conclusions: This study shows that EBV DNA is detected in blood of diverse ICU patients with ≥ ≥ 5 days of stay 
and that it is associated with morbidity and mortality. Larger dynamic prospective studies are needed 
to correlate viral reactivation with immune system evolution during ICU stay and to determine the 
role of polyviral reactivations.
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At a Glance Commentary

Scientific background of the subject

Herpes viruses can be reactivated 
among immuncompetent patients in 
intensive care unit. However, few data 
are available on the role of Epstein–Barr 
virus (EBV) reactivation and its potential 
pathogenicity.

What this study adds to the field

This study confirms that EBV DNA 
is detected in peripheral blood of numer-
ous ICU patients and suggests that EBV 
reactivation is associated with morbidity 
and mortality.
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mented in case of immunodeficiency as well as associated 
pathogenicity. More recently, it has been associated with 
stress among draftees and astronauts or even during malaria 
infection in children.[3-5] Furthermore, several in vitro and in 
vivo investigations have highlighted a relationship between 
CMV infection and EBV reactivation, suggesting possible 
synergic pathogenicity.[6-8] CMV can also impair the im-
mune response to EBV during aging.[9] EBV is found latent 
in at least 90-95% of people, which is the highest rate for 
herpes viruses. Several works have reported the detection of 
EBV DNA in the lower respiratory tract or in the blood of 
intensive care unit (ICU) patients without showing specific 
pathogenesis except inflammation.[10,11] During reactivation, 
EBV produces an interleukin-10 (IL-10) homolog, which 
is able to disturb the immune response, particularly, the 
activity of natural killer (NK) and CD4+ T cells.[12] EBV 
also produces proteins that impair the production of cyto-
kines such as interferon, mainly during the lytic phase.[13-15] 
EBV induces diverse immune modifications.[16] This could 
have important consequences on the host response to other 
pathogens, particularly during multiple viral infection or 
reactivations. Only a few case reports have described pneu-
monia potentially caused by EBV in immunocompetent 
patients. However, immune suppression has been suggested 
to be the cause of viral reactivation of CMV and HSV.[17] 

We hypothesized that EBV could also be reactivated in 
critically ill immunocompetent patients and that this could 
be associated with mortality and morbidity. Therefore, we 
conducted a pilot prospective study in order to investigate 
the issue of EBV reactivation using quantification of viral 
DNA. We focused on patients who were tested for CMV 
reactivation according to our department’s rules.

METHODS

Patients

This prospective study was performed from 30 Novem-
ber 2010 to 31 May 2011 in a 12-bedded medico-surgical 
ICU.

CMV DNA is routinely quantified in our department for 
the following high-risk patients with or without clinical symp-
toms of specific viral disease: (1) in case of persistent organ 
failure after 5 days of ICU stay; (2) at admission for patients 
transferred to our ICU after at least 5 days of hospitalization 
in another ICU and with at least two organ failures at admis-
sion; and (3) among the patients transferred to ICU after a 
prolonged hospital stay (≥15 days), with at least one organ 
dysfunction. Polymerase chain reaction (PCR) is performed 
twice weekly on Mondays and Fridays. HSV and CMV were 
also quantified in bronchoalveolar lavage (BAL) at admis-
sion in the patients transferred from another ICU for acute 
respiratory distress syndrome (ARDS) evolving at least for 

5 days, for patients admitted after progressive lung deteriora-
tion despite adequate antibiotic treatment (more than 96 h of 
treatment), and for any nosocomial pneumonia acquired in 
intensive care after a stay of 5 days that is associated with at 
least one organ failure (with or without mechanical ventila-
tion). Patients’ characteristics were prospectively recorded.

Study design

For this study, EBV DNA quantification was performed 
in the same blood sample of patients for whom CMV 
quantification was performed. Patients were not included 
if there were minor or pregnant, had hematological disease 
or EBV-induced malignancy (EBV-induced lymphomas, 
nasopharyngeal carcinoma, and gastric carcinoma), or in 
case of having immune deficit (defined as having immunode-
ficiency syndrome and having received immunosuppressive 
therapies in the last 3 months or more than 1 month of corti-
costeroid therapy). The study was approved by the regional 
ethics committee (Comité de Protection des Personnes Ile 
de France VI – Groupe Hospitalier Pitié Salpètrière) which 
waived the need for written consent.

DNA quantification using PCR

CMV DNA and EBV DNA were quantified in 200 µl 
of whole blood stored at −20°C. HSV1 DNA and HSV2 
DNA were quantified in 200 µl of BAL stored at +4°C, both 
using commercial real-time PCR assay (CMV R-gene®, 
EBV R-gene®, and HSV1-HSV2 R-gene® PCR; Argene®, 
Verniolle, France) according to the manufacturer guidelines. 
Quantitative PCR levels were reported as copies per milliliter 
of whole blood. EBV DNA quantification was considered 
positive if it showed ≥≥250 copies per milliliter. Patients with 
positive EBV PCR were considered as having reactivation.

Serology

CMV IgG indicating prior CMV infection was as-
sessed using an immunochemiluminescent assay (Cobas 
e601- CMV IgG, Craponne; Roche® Meylan), and Epstein 
Barr nuclear antigen (EBNA)-IgG and virus capsid antigen 
(VCA)-IgG indicating prior EBV infection were assessed 
using a fluorescent assay (VIDAS EBV VCA IgG and VI-
DAS EBV EBNA IgG; bioMérieux®, France). The assay was 
performed and interpreted according to the manufacturer’s 
recommendations. Patients with CMV IgGs were considered 
CMV seropositive. Patients with VCA and/or EBNA IgGs 
were considered EBV seropositive.

Follow-up

The duration of catecholamine’s support, duration of 
dialysis support in ICU, duration of mechanical ventilation, 
and death at day 28 and day 90 were recorded.
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Statistical analysis

As there are scarce data about EBV reactivation in 
critically ill patients, we based our calculation on the data 
collected from studies of CMV and HSV and decided to 
include 90 patients over a study period of 6 months.

Data were expressed as median (interquartile). To 
explore the relationship between EBV and CMV, two 
analyses comparing the populations with and without EBV 
reactivation were planned: the first one with EBV seroposi-
tive patients and the second one with both EBV and CMV 
seropositive patients.

Data were presented as median (interquartile). Com-
parison between groups reactivating and not was performed 
using non-parametric tests as appropriate (Mann–Whitney 
test for continuous variables and Fisher’s exact test for 
categorical variables). Collinearity test was performed to 
examine the collinearity between independent variables. 
Variables with p ≤ 0.1 in univariate analysis were included in 
a multivariate logistic regression model (backward variable 
selection procedure based on Akaike information Criterion 
(AIC)). Analyses were performed with R software (http://
cran.r-project.org) and the package R-Excel. Also, p < 0.05 
was considered as significant.

RESULTS

Patients and patterns of seropositivity

Ninety EBV-positive patients were enrolled in this 
study from 143 patients with more than 5 days length of 
ICU stay. Two patients were excluded because of doubtful 
EBV serology and two patients were secondarily excluded 
because of unknown immunosuppressive state at admission. 
Among the 86 analyzable patients, 53 were seropositive 
for CMV (61.6%) [Figure 1]. Patients’ characteristics are 
presented in Table 1. Data of patients positive for both EBV 
and CMV are described in Table 2.

Viral reactivation

EBV DNA was detected in the blood of 61 patients with 
a median length for positivity of 7.5 days (2–15 days). CMV 
DNA was detected in the blood sample of 16 patients with 
a median length for positivity of 13.5 days (2.5–23.5 days). 
Forty-one patients had BAL with viral research. CMV DNA 
was detected in the BAL of 6/41 (14.6%) patients, with 2 
of them without CMV DNA in blood (2 patients had CMV 
DNA both in blood and BAL and 14 had it only in blood). 
HSV1 DNA was detected in the BAL of 28/41 (68.3%) 
patients with a median length for positivity of 7.5 days 
(3–14.5 days). HSV2 was never detected. Nineteen patients 
experienced no viral reactivation at all, 1 patient experienced 

Figure 1: Flow diagram of the study. EBV+/CMV+ = patients 
seropositive for EBV and CMV; EBV+/CMV− = patients seropositive 
for EBV alone; PCR CMV+ = positive PCR for CMV; PCR EBV+ = 
Positive PCR for EBV; *2 patients were excluded due to unknown 
immunosuppression at admission; 86 patients were analyzed.

Table 1: Patients’ characteristics at admission

EBV seropositive 
n=86

Reactivation 
n=61

No reactivation 
n=25

p value

Age 69 (58-78) 66 (51-75) 0.142
Gender: female/male 9/52 8/17 0.068
Provenance 0.089

Other ICU 20 5
Hospital 14 5
Emergency 6 0
Other hospital 5 1
Home 5 5
Operating room 2 5
War casualties 3 2
Other 6 2

Reason for ICU admission 0.011
Respiratory 23 2
Neurologic 9 8
Infection/sepsis 13 5
Postsurgical 3 4
Cardiac failure 2 3
Other 11 3

History of
Atrial fibrillation 22 9 0.805
Arteriopathy 6 2 0.715
COPD 2 1 0.919
Cirrhosis 4 2 0.884
Coronary disease 7 3 0.960
Diabetes 10 4 0.852
Chronic renal failure 7 1 0.242
Hypertension 29 13 0.958
Chronic cardiac failure 5 0 0.126
Cancer 26 6 0.067
SAPS II 60 (44-71) 56 (38-71) 0.284

Data are presented as effectives or as median (interquartile). 
Abbreviations: ICU: Intensive care unit; COPD: Chronic obstructive 
pulmonary disease; SAPS: Simplified acute physiology score
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only CMV reactivation, 32 patients had only EBV reactiva-
tion, 5 patients had only HSV reactivation, 6 patients had 
both EBV and CMV reactivation, 14 patients had EBV and 
HSV reactivation, and 9 patients reactivated all three viruses. 
None reactivated both CMV and HSV. Twenty-six patients 
reactivating EBV had low viral load (≤500 copies/ml), while 
7 patients had moderate load (500-1000 copies/ml) and 
28 patients had high viral load (>1000 copies/ml).

In multivariate analysis, the risk factors for viral reac-
tivation were found to be length of stay [odds ratio (OR): 
1.08, 95% confidence interval (95%CI): 1.02–1.15) and 
cancer (OR: 3.4, 95%CI: 1.12–11.9].

PCR inhibitors were found in eight patients: Six EBV 
PCR (three with low viral load, one with high viral load for 
EBV, and two negatives), four HSV PCR (three negatives 
and one high viral load), and four CMV PCR (thee negatives 
and one low viral load).

Seven patients received antiviral therapy for respira-
tory worsening without bacterial or fungal pathogen, but 
with increasing viral loads: four received foscavir for syn-
chronous CMV, HSV, and EBV reactivations, two received 
aciclovir for HSV reactivation, and one received gangiclovir 
for CMV reactivation.

The characteristics of patients according to the presence 
or absence of EBV reactivation among EBV seropositives 
are presented in Table 1 and among EBV/CMV seropositive 
patients in the Supplementary Material.

Impact on outcome

Patients with EBV reactivation had higher mortality 
rate and longer duration of mechanical ventilation and ICU 
stay [Table 2]. Mortality difference was significant only 
at 90 days either for EBV+/CMV− patients or for EBV+/
CMV+ patients. There were no differences with respect 
to age, simplified acute physiology score II, and gender. 
Patients with EBV reactivation were more frequently ad-
mitted to the ICU because of respiratory failure. There was 
no significant relationship between the peak viral load and 
morbidity or mortality at day 90. The viral load kinetics was 
different between survivors and non-survivors (Supplemen-
tary Material).

Patients with two or more herpes viruses’ reactiva-
tion, whatever the subtype may be (EBV, CMV, or HSV), 
had longer duration of mechanical ventilation or ICU stay 
[Figure 2]. However, death rate at day 90 was not different.

DISCUSSION

This study highlights three points: (1) all tested pa-
tients had latent EBV infection; (2) most of them had virus 
reactivation while they were categorized as critically ill im-
munocompetent patients; and (3) reactivation was associated 
with higher morbidity and mortality.

EBV occurs worldwide and most people become 
infected during their lifetime. Most of the time, infection 
is asymptomatic, although it frequently causes infectious 
mononucleosis during adolescence. Infection is rarely 
complicated by organ dysfunction. EBV remains latent 
in B lymphocytes and in epithelial cells of the throat. It 
can rarely infect T lymphocytes and monocytes. EBV is 
known to be able to periodically reactivate, usually without 
any symptom. In such a case, the virus is found in saliva 
and/or blood. The triggering factors of reactivation are 
not known. Viral presence in blood has been debated as 
the whole-blood PCR also reflects the presence of clonal 

Table 2: Population of double seropositive patients according to 
EBV reactivation

EBV+/CMV+ 
(n=53)

EBV 
reactivation 

(n=38)

No EBV 
reactivation 

(n=15)

p value

Age (years) 69 (58.3-75) 72 (58.6-77.5) 0.480
Gender

Female/male 7/31 4/11 0.505
Provenance

Other ICU 16 4 0.034
Hospital 11 2
Other hospital 6 1
SAMU 3 2
Operating room (hospital) 0 5
Others 2 1

Reason for ICU admission
Respiratory 17 1 0.035
Neurologic 6 3
Infectious disease/sepsis 5 3
Postsurgical 2 3
Cardiac failure 1 3
Others 7 2

SAPS II 62 (48.8-71.8) 60 (33-71) 0.198
Pneumonia (%) 84.2 53.3 0.058
Including VAP 60.5 33.3 0.074
Acute renal failure (%) 60.5 50.0 0.360
Dialysis support (%) 44.4 40.0 0.889
Dialysis support (days) 0 (0-4.8) 0 (0-6) 0.439
Catecholamine support (days) 5 (0-9.8) 4 (1-7) 0.261
Transfusion 71.1 66.6 0.754
Length of MV (days) 19 (8.3-32) 8 (2-11) 0.005
Length of stay in ICU (days) 23 (10-41) 14 (8-20.5) 0.046
Status on day 28 (%) 28.9 20.0 0.506
Status on day 90 (%) 60.5 20.0 0.008
Number of PCR EBV 4 (2-6.8) 3 (1-4) 0.040
Length for positivity 8 (2.3-18)
Number of PCR CMV 4 (2-6.8) 2 (1.5-4) 0.030
Length for positivity 15 (2-25) 5 (5-5) 0.331
Number of PCR HSV 1 (0-2) 0 (0-1) 0.042
Length for positivity 8 (5-21) 12 (6.5-13) 0.416

Abbreviations: ICU: Intensive care unit; SAPS: Simplified acute 
physiology score; VAP: Ventilator acquired pneumonia; MV: 
Mechanical ventilation; CMV: Cytomegalovirus; HSV: Herpes simplex 
virus; EBV: Epstein-barr virus; PCR: Polymerase chain reaction
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expansion of the infected B lymphocytes in response to 
an infection.

Pathogenicity of EBV load in blood (EBV DNAemia) 
is questionable as there is no threshold associated with in-
duced diseases and some healthy people might have a low 
to moderate EBV load without any symptom.[18] Several 
studies have described viral reactivation during prolonged 
stress events among immunocompetent patients.[5,19,20] EBV 
reactivation has also been found to be associated with several 
autoimmune or cardiovascular diseases such as gastritis, 
rheumatoid arthritis, lupus, and multiple sclerosis.[21-23] The 
pathophysiology of EBV reactivation remains uncertain. 
Recent data suggest that EBV could trigger inflammatory 
process through interleukin-6 modulation.[24] Other authors 
suggested that EBV could promote immune deficit of the T 
cell response.[25] In situations of immune perturbation, such 
as in most critically ill patients, this deficit could contribute 
to counteract the immune response. We observed higher 
incidence of pneumonia among people reactivating EBV, 
which could be explained as due to the impaired immunity. 
We also observed more candidemia in this group (10/61 vs. 
1/25, ns), and septic shocks were more frequent.

Several studies have highlighted an association between 
CMV reactivation and EBV reactivation in vitro and in vivo, 
while others have shown that the immune system, while 
decreasing through life, concentrates on latent viruses.[26-28] 
Khan et al. reported that CMV+ people had an accumulation 
of CMV-specific CD8 T cells and a decrease of EBV-specific 
CD8 cells.[9] This difference increases with aging. Interest-
ingly, they also found a fall in the proportions of functional 
CMV-specific CD8 cells and of EBV-specific CD8 cells 
over 60 years. We observed no relationship between EBV 
reactivation and CMV serologic status. Recently, Cicin-Sain 
et al., in their study in mice, have reported that CMV infec-

tion resulted in an increase of CD8 T-cells and a weaker 
response to superinfection with influenza, HSV1, or West 
Nile Virus.[29] Together, these data highly suggest an im-
mune failure related to CMV status, particularly among old 
people. Possibly due to smaller population size, we found 
no significant relationship between age and reactivation. 
We also anticipated an earlier reactivation of CMV than 
EBV, but this was not the case. Only four patients reacti-
vated CMV before EBV, all with several reactivations, and 
this phenomenon was synchronous. We cannot exclude a 
“synergic” effect of latent viruses which could explain our 
results among poly-reactivating patients.

Respiratory failure and ARDS were overrepresented in 
our study. EBV was found to be associated with idiopathic 
pulmonary fibrosis and inflammation.[30,31] Whether EBV 
reactivation could cause lung inflammation in critically ill 
patients has not been clearly studied. We recently performed 
quantitative EBV PCR in the BAL from five patients with 
ARDS and three of them had very high viral loads (unpub-
lished data). These findings require further exploration to 
confirm a relationship.

We did not find any relationship between the out-
come and viral load. Relevance of single viral loads is not 
so clear.[32] We found different kinetic patterns between 
survivors and non-survivors. Patients who died increased 
their viral load while their state worsened. Globally, patients 
had an increasing viral load before they had symptoms of 
aggravation.

While some studies have involved herpes viruses in 
specific organ dysfunction, their potential pathogenicity is 
still debated.[33,34] Even though evidence of active infection 
has been found in some studies, several questions remain: 
Which specific patient is at risk of developing such a dis-
ease? Should we treat them? In this case, what is the optimal 
timing for treating them? Should we consider high viral 
loads, rapid rise of viral load, associated organ dysfunction 
without other etiology, presence of cytopathic effect, or 
none? Independent of pathogenicity, viral reactivation is a 
marker of severe illness and reflects immune dysfunction. 
CMV has been associated with a poorer prognosis in ICU. 
Whereas CMV and HSV prevalence is intermediate, EBV’s 
prevalence is very high and could be a model of immune 
failure.

No clear data is available for polyviral reactivation and 
on the interactions that could have viruses on each other. 
The significance of this phenomenon, as well as its linkage 
with global immune failure is questionable. This is a major 
concern for critically ill patients who have profound im-
munodeficiency. Lymphopenia and dysfunction of adaptive 
T cell immunity have not been extensively studied.

Our study has several limitations such as selection bias 
(all ICU patients were not included and systematic assays 
were not performed at scheduled time points in all included 

Figure 2: Length of mechanical ventilation according to the number of 
herpes viruses reactivated. *p < 0.05 versus no or one virus reactivated. 
Death rates were compared between the group with 0 or one virus 
reactivated and the group with two or three viruses reactivated.
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patients). Moreover, we have included a significant number 
of elderly patients and cancer patients (with past history of 
cytotoxic therapies such as chemo or radiotherapy), and 
thus, the results obtained may not reflect a more diverse 
and younger population.[35-37] Another point is that we do not 
know if some patients had circulating DNA at admission. 
This could be important as it has been shown that healthy 
people without any disease could have circulating EBV with 
differences depending on gender or age.[18] We have not 
found the exact cause of death for all the patients, but most 
of them died after limitation of life support for worsening 
condition or lack of improvement after a prolonged stay. We 
hypothesize that EBV could be reactivated due to immune 
suppression as it has been suggested for CMV and HSV.[12]

Conclusion

This study shows that EBV DNA is detected in periph-
eral blood of numerous ICU patients and that it is associated 
with morbidity and mortality. However, this is a small size 
for the study group and these results need to be confirmed 
in a larger cohort. Dynamic prospective studies in a more 
general ICU population are needed to correlate viral reacti-
vation with immune system evolution during ICU stay and 
to determine the role of polyviral reactivations.
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