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more frequently following influenza virus infection, can be 
a negative prognostic marker. An independent risk factor for 
ICU patients with ARDS is an impaired immunophenotype.
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Introduction

Human herpes simplex virus 1 (HSV1), human cytomeg-
alovirus (hCMV) and Epstein–Barr virus (EBV) are well-
known members of the Herpesviridae family, which are 
highly prevalent and ubiquitous. Primary infection takes 
place in the majority of cases early in the life and is fol-
lowed by a lifelong latent infection, from which reactiva-
tion may occur with viral shedding at least in the saliva. 
The outcome of reactivation strongly depends from the host 
immunological status. In immunodepressed patients, all 
these three viruses may cause severe diseases, which may 
be different depending on the virus and on other factors, 
including host defences. Mostly, hCMV and also HSV1 
may cause severe respiratory diseases, whereas the role of 
EBV in pneumonia is debated [1]. In addition to a direct 
involvement of these viruses in respiratory diseases, their 
detection has been associated with other clinical aspects, 
which may promote viral reactivation or which outcome 
may be influenced by viral reactivation.

An increasing number of papers report the presence of 
HSV1, hCMV and EBV in respiratory samples of criti-
cally ill patients even without canonical immunosuppres-
sion [1–5]. In patients requiring mechanical ventilation, 
herpesviruses, mainly HSV1 and hCMV, may be frequently 
detected from either upper or lower respiratory tract 
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samples [6, 7]. It has been suggested that the presence of 
HSV1 in the respiratory samples of ICU patients correlates 
with the duration of tracheal intubation [5]. The detection 
of HSV1 in the lower respiratory tract of ICU patients is 
reported with a variable frequency, from 5 to 64 % depend-
ing on the population and the diagnostic method used [2, 8, 
9]. Moreover, it is not always clear whether the demonstra-
tion of HSV1 DNA in lower respiratory tract samples of 
non-immunocompromised ventilated patients is the conse-
quence of a contamination from mouth or throat or is the 
result of local viral reactivation [4, 6, 7, 10]. Some studies 
showed that there was a significant association between an 
HSV1 viral load >100.000 copies/ml of BAL and admis-
sion to the ICU (p < 0.0001), mechanical ventilation 
(p < 0.001) and death (p < 0.01) [5, 11, 12].

Active hCMV infection, either restricted to the lower 
respiratory tract or involving both the lower respiratory 
airways and the systemic compartment, has been shown to 
occur frequently during critical illness in adult hCMV-sero-
positive patients [13], and has been associated with pro-
longed ICU hospitalization, extended periods of mechani-
cal ventilation, higher rates of nosocomial infection and 
overall mortality [11, 14–17].

The role of EBV presence in respiratory tract of ICU 
patients is not clear. High degree of variability concern-
ing the prevalence of EBV in BAL samples from patients 
admitted in ICU is reported in the literature [1, 18–21].

ARDS is today a leading cause of hospitalization in ICU. 
ARDS and pneumonia are closely related to critically ill 
patients [22]; however, it is not always identified the etio-
logic agent. In most cases, bacterial infections are the main 
causative agent of pulmonary infections that evolve into 
framework of ARDS; more recently, viral infections, mainly 
related to influenza viruses, represent a new category of 
emerging cause of ARDS, and also viruses belonging to 
other families, in association or not to bacterial infections, 
may be involved. In still other cases, the causative agent 
remains unrecognized [23]. Furthermore, the critically ill 
patients develop a state of immunosuppression, which can 
promote the onset and exacerbation of viral infections [24].

The aim of this study was to better understand the sig-
nificance of herpesviruses finding in lower respiratory tract 
of patients hospitalized in ICU and to assess the diagnostic 
and prognostic value of these findings. Patients’ character-
istics, with attention to their immunological setting, were 
analyzed together with the virological data.

Materials and methods

Institutional Internal Committee approval was waived for 
this study as it involved retrospective analysis of anony-
mous, routinely collected, group data. During the period 

September 2011–May 2014, 164 patients with diagnosis 
of ARDS were admitted to ICU (Intensive Care Unit of 
Emergency Department—Careggi Teaching Hospital, Flor-
ence—Italy), from different clinical setting. For 54 out 
of these 164 patients, the causative agent of ARDS was 
unknown. The following samples were collected for micro-
biological analysis:

•	 Throat swab (TS) and bronchoalveolar lavage (BAL) 
sent to general laboratory for research of common 
germs;

•	 TS and BAL sent to virology laboratory for the detec-
tion of influenza virus and other respiratory viruses like 
adenovirus (Adv), parainfluenza viruses 1–4 (PIV 1–4), 
enterovirus/rhinovirus (EV/RhV), respiratory syncytial 
virus (RSV), human coronaviruses (hCoV) group I and 
group II, human metapneumovirus (hMPV) and her-
petic viruses.

For each patient, the following data were collected:

•	 anamnestic data: age, sex, body mass index (BMI), 
Charlson comorbidity index (CCI) adjusted for age;

•	 data and severity scores at ICU admission: SAPS II at 
admission, SOFA at admission, GCS at admission, pro-
venience, length of stay before ICU admission;

•	 data related to respiratory samples: sampling timing, 
positivity for influenza viruses RNA as well as for other 
respiratory viruses genome sequences, HSV1/hCMV/
EBV DNA; HSV1/hCMV/EBV viral load in BAL;

•	 immunophenotyping analysis at ICU admission;
•	 data related to ICU stay: treatment with antiviral, ster-

oid; need for extracorporeal membrane oxygenation 
(ECMO) support and duration of treatment with ECMO;

•	 outcome data: SAPS II at discharge, GCS at discharge, 
ventilation length of stay (LOS), ICU LOS, ICU mortal-
ity, post-ICU LOS, post-ICU mortality.

Clinical sampling and analytical phase

In the study period, 108 samples were analyzed with the 
aim to look for the presence of herpesviruses in 54 patients.

All clinical samples were collected using standard tech-
niques [25]. The throat swab was obtained with a nylon 
fiber tip (Copan Eswab™ System) inserted and rotated 
into the throat of patient. The BAL samples were taken 
with sterile flexible bronchoscope through the oro-tracheal 
tube or the tracheal cannula; after the assessment of the 
tracheal–bronchial tree, 30 ml of sterile saline solution 
was instilled and picked up in a specimen trap (Covidien 
Argyle™).

The detection and typing of influenza viruses were 
achieved as already described, using primers and probe 
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sequence as indicated by the US Centers for Disease Con-
trol (CDC) [26]. For the detection of other respiratory 
viruses, duplex real-time PCR, already described, was used 
[27].

The detection of HSV1 DNA, hCMV DNA and EBV 
DNA was performed by in-house assays. The in-house 
assays here described were already used in the laboratory 
of virology and had shown a performance comparable with 
commercial assays, at a lower cost. Any way the results 
here reported were confirmed by comparison with com-
mercial, validated assays (Realtime Q-PCR kit, ELITech 
Molecular Diagnostics).

Viral DNA extraction and real‑time PCRs

Extraction of viral DNAs from clinical samples was carried 
out using a commercially available kit (HP PCR Template 
Preparation Kit, Roche Diagnostics, Milan, Italy).

To detect hCMV, HSV1 and EBV DNA in TS and BAL 
samples, three real-time PCRs were developed, using prim-
ers listed in Table 1. The real-time PCRs were performed 
using 2X HRM PCR master mix (Qiagen, Valencia, CA, 
USA). The reaction volume for each amplification was 
25 μl (12.5 μl of master mix, 1.75 μl of each primer 
[10 μM], 5 μl of DNA and H2O to reach the final volume). 
After initial activation step, 40 cycles of amplification 
[95 °C for 10 s, 55 °C for 30 s, 72 °C for 10 s (acquiring 
Green)] were performed. For melting analysis, ramp from 
78 to 92 °C was used, rising by 0.1 °C each step. The reac-
tion was performed on Rotor Gene 6000 (Qiagen, Valencia, 
CA, USA).

All herpesvirus-positive BAL samples were quantified 
by quantitative real-time PCRs.

To perform the calibration curves, serial dilutions of 
DNA calibrator for each virus were used. These calibra-
tors consisted of DNA sequences obtained by the cloning 
the product of the PCR of viral DNA of each virus in the 
pGEM-T Easy Vector System (Promega, Madison, Wis-
consin, USA). The plasmid DNA was purified by QIAprep 
Spin Miniprep Kit (Qiagen, Valencia, CA, USA).

The analytical sensitivity of all PCRs was determined 
using serial dilutions of cloned calibrators, quantified by 

NanoDrop 1000 Spectrophotometer (ThermoScientific, 
Wilmington, DE, USA). The real-time PCR for EBV 
was able to detect 300 copies number/ml. The sensitivity 
of real-time PCR for hCMV and HSV1 was 100 copies 
number/ml.

As the volumes and other characteristics of BAL 
samples can vary, each BAL sample was quantita-
tively analyzed also for the β-globin gene, as described 
below. Then, the results obtained for each sample were 
normalized according to the ratio [sample target Ct 
value × sample β-globin Ct value/mean β-globin Ct 
value] [28].

Human β‑globin gene real‑time PCR

The detection of β-globin gene was performed using the 
primers described in the literature [29]. The sequence of 
primers was PF GH20 5′-caadttcatccacgttcacc-3′ and PR 
PC04 5′-gaagagccaaggacaggtac-3′. The real-time PCR was 
performed using 2X HRM PCR master mix (Qiagen, Valen-
cia, CA, USA). The reaction volume was 25 μl (12.5 μl of 
master mix, 1.75 μl of each primer [10 μM], 5 μl of DNA 
and H2O to reach the final volume).

After initial activation step, 40 cycles of amplification 
[95 °C for 10 s, 55 °C for 30 s, 72 °C for 10 s (acquiring 
Green)] were performed. For melting analysis, ramp from 
80 to 90 °C was used, rising by 0.1 °C each step. The reac-
tion was performed on Rotor Gene 6000 (Qiagen, Valencia, 
CA, USA).

Flow cytometry analysis

Peripheral blood samples (50 µl) were incubated with 
the appropriate fluorochrome-conjugated mAbs (anti-
CD3, CD4, CD8, CD19, CD16, CD56 and HLA-DR) 
at room temperature for 15 min; red blood cells were 
then lysed by an appropriate lysing solution (500 µl, 
BD Biosciences) and acquired with a BDLSR II flow 
cytometer according to manufacturer’s instructions (BD 
Biosciences). At least 50.000 cells were acquired and 
analyzed by using the FACS Diva software (BD Bio-
sciences) [30–32].

Table 1  Primers used to perform real-time PCRs

Viruses Gene Primer sequences Annealing (°C) Amplicon size (bp)

EBV Polymerase 5′TCCGTCAATGCAACGGAAGA′3
5′AGCCAGACATCCATTCGGTG′3

55 158

hCMV Polymerase UL54 5′CCCGTGTACGAGGTCCGTGTG′3
5′GGTCGGAGACATCGCAGTCG′3

55 154

HSV1 Polymerase UL30 5′GGGTAAGATGCTCATCAAGGGC′3
5′CGTCGTAAAACAGCAGGTCG′3

55 101
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Statistical analysis

The descriptive analysis is presented as mean and per-
centage frequencies. The mean values of the groups were 
compared using the Student’s t test for numeric values and 
Chi-square test for ordinary variables. The analysis of vari-
ance (ANOVA) was used for comparison of the four groups 
divided according to positivity for viral infections. We cre-
ated a logistic model to search for variables predictors of 
death and a receiver operating characteristic (ROC) curve 
to identify the cutoff of SAPS II and CD3+ that discrimi-
nate for mortality.

A p value <0.05 is considered statistically significant.
For statistical analysis and graphic representation of data 

were used Software Microsoft Excel 2007©, Graph Pad 
Prism 6.1© and PASW 17.0© for Windows (IBM Corpora-
tion, Armonk, NY, USA).

Results

This study includes 54 patients who, since September 2011 
to May 2014, were admitted to ICU, from different clinical 
settings (other ICUs in 68.5 %, ward in 11.1 % and Emer-
gency Department in 20.3 %; mean hospital stay pre-ICU 
admission was 4.55 ± 6.65 days). This group represents 
33.9 % of all patients admitted in ICU with diagnosis of 
ARDS, without a known microbiological causative agent; 
within 48 h after ICU admission, clinical samples from 
these patients were sent to the laboratory for the detection 
both bacterial and viral infections and for immunophe-
notyping analysis to assess the immunological status of 
patients.

The descriptive analysis of the entire sample of patients 
is illustrated in Table 2.

In 48.1 % of cases, patients required extracorpor-
eal membrane oxygenation (ECMO) for severe ARDS, 
with hypoxia and/or hypercapnia unresponsive to con-
ventional treatment. The ECMO LOS was on average 
15.83 ± 13.13 days.

One hundred and eight clinical samples from upper 
and lower respiratory tract from the 54 ICU patients were 
analyzed to detect influenza and other respiratory viruses 
and a group of herpesviruses (EBV, hCMV and HSV1). 
These samples were obtained in 96 % of patients the same 
day of admission or 24–48 h after ICU admission. Nine-
teen patients were infected by an influenza virus as dem-
onstrated by the detection of viral genome in both upper 
and lower respiratory samples: 17 were positive for influ-
enza A(H1N1)pdm09 virus, 1 for influenza A(H3N2) virus 
and 1 for type B virus. Bacterial coinfections were present 
in 8 patients with laboratory confirmed influenza and in 
20 influenza-negative patients (data not shown). Among 

influenza-negative patients, one adenovirus infection was 
demonstrated in BAL, one RhV was present in both upper 
and lower respiratory tract, and one hMpV was demon-
strated only in the upper respiratory tract sample.

A total of 35 patients (65 %) were positive for one or 
more herpesviruses in at least one respiratory sample (18 
TF only, 7 BAL only, 10 both samples). Thus, altogether, 
herpesviruses were present in BAL from 17 patients (31 %) 
and in TS from 28 patients (52 %). EBV was detected in 23 
out of 54 patients (43 %), either as a single infection or as 
mixed infection. In only 5 patients (9 %), EBV DNA was 
demonstrated in BAL samples. In 3 cases, it was present 
as a single infection and in the two other as a mixed infec-
tion. hCMV was detected in 15 patients (28 %), either as 
single (in 2 patients) or mixed infection (in 13 patients). In 
seven patients (13 %), hCMV DNA was demonstrated in 
BAL samples. As regards HSV1, viral DNA was detected 
in 15 patients (28 %). In 9 of these (17 %), it was present 
in BAL.

In addition, as BAL represents a sample more suggestive 
of lower respiratory tract infection and/or of more invasive 
infection/reactivation, to understand better the significance 
of herpesviruses presence in this site, herpesviruses DNA 

Table 2  Baseline characteristics of the 54 patients included in this 
study

BMI body mass index; LOS length of stay; H hospital

Patients characteristics

Age (mean ± SD) 56.04 ± 16.54

Gender (F/M) 20/34

BMI (mean ± SD) 29.1 ± 8.43

Charlson comorbidity index (mean ± SD) 3.31 ± 2.39

SAPS II at admission (mean ± SD) 43.04 ± 17.49

SOFA at admission (mean ± SD) 8.36 ± 4.02

Timing of sample collection since ICU admission 
(mean ± SD)

0.98 ± 1.54

Herpesviruses DNA (BAL)  %
(yes/no)

31.5
17/37

Influenza virus RNA (BAL)  %
(yes/no)

35.2
19/35

Oseltamivir (yes/no) 19/35

Zanamivir (yes/no) 6/48

Aciclovir/ganciclovir(yes/no) 6/48

Steroid drugs (yes/no) 7/47

SAPS II at discharge (mean ± SD) 20.85 ± 12.71

Ventilation LOS, days (mean ± SD) 18.48 ± 17.67

ICU LOS, days (mean ± SD) 22.19 ± 20.98

Post-ICU LOS, days (mean ± SD) 10.57 ± 12.73

ICU mortality %
(yes/no)

31.5
17/37

H mortality %
(yes/no)

5.7
2/35
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load in BAL samples was assessed by quantitative real-
time PCRs. EBV DNA viral load in BAL samples varied 
between traces (not quantifiable) in one sample to 1 × 109 
copies number/ml in another sample with a median value 
of 103 copies/ml. Altogether, EBV DNA load (mean ± SD) 
was 21,254 ± 44,023. The range of hCMV DNA load 
varied between traces (not quantifiable) in one sample 
to 1 × 105 copies number/ml with a median value of 103 
copies/ml also in this case. Altogether, hCMV DNA load 
(mean ± SD) was 4240 ± 2619. The load of HSV1 in BAL 
samples varied between 10 copies number/ml in one sam-
ple only and 109 copies number/ml with a median value 
of 107. Altogether, HSV1 DNA load (mean ± SD) was 
142,629,452 ± 422,767,741.

According to herpetic viral infection positivity, patients 
were divided into 4 groups: group of hCMV-positive 
patients (n = 7); group of EBV-positive patients (n = 5); 
group of HSV1-positive patients (n = 9); and group of her-
pesvirus-negative patients (n = 37).

Patients positive for more than 1 herpesvirus have been 
included in more than one group.

The analysis of the 4 groups is shown in Table 3.
There were no statistically significant differences in 

the medical history data, the severity score values at ICU 
admission and the provenience data. No statistically sig-
nificant difference in corticosteroid treatment and in the 
need for extracorporeal treatment was observed. Outcome 
data showed no statistically significant differences, except 
for a higher mortality in ICU in patients with herpetic viral 
infection (hCMV group: 71.4 %, HSV1 group: 55.5 %, 

EBV group: 40.0 %, herpesvirus-negative group: 21.6 %; 
p < 0.05).

A significant correlation emerged between influenza 
virus infection and herpetic viruses coinfection (p < 0.05). 
All patients with influenza positivity were treated with 
oseltamivir. In patients with persistent influenza infection, 
zanamivir was added.

Dividing patients into two groups, based on the posi-
tivity for influenza virus, no correlation emerged between 
influenza infection and ICU mortality. The statistically sig-
nificant data observed are reported in Table 4: patients with 
influenza infection showed higher incidence of herpesvi-
ruses coinfection in comparison with patients without influ-
enza (52.6 vs 20.0 %; p = 0.01); SAPS II demission score 
was 11 ± 6.78 for influenza-positive patients, whereas 
it was 27 ± 11.75 for patients without influenza. In addi-
tion, the CD3+ percentage was 68.23 ± 7.24 for influenza-
positive patients and 60.37 ± 16.28 for influenza-negative 
patients. This observation is in agreement with the presence 
of lymphocytosis as a risk factor for ICU admission in lab-
oratory confirmed influenza patients [33].

An additional analysis was performed by dividing 
patients into two groups on the basis of ICU mortality: the 
group of survivors included 37 patients discharged from the 
ICU; the group of non-survivors included 17 patients died 
in ICU.

The statistically significant data are shown in Table 5. 
ICU mortality was significantly associated with her-

pesviruses infection in the lower respiratory tract. In 
fact, 53 % of herpesviruses infected patients died in ICU 

Table 3  Characteristics of patients with and without herpesviruses in BAL

LOS length of stay; H hospital

Patients characteristics hCMV positive (7) EBV positive (5) HSV1 positive (9) Herpesviruses negative (37) p value

Age (mean ± SD) 58.43 ± 17.32 52 ± 13.32 59.44 ± 10.64 54.54 ± 17.97 0.786

Gender (F/M) 5 ± 2 2 ± 3 2 ± 7 13 ± 24 0.220

BMI (mean ± SD) 28.35 ± 7.18 27.84 ± 3.14 25.55 ± 3.54 29.85 ± 9.54 0.565

Charlson comorbidity index (mean ± SD) 3.14 ± 2.41 2.6 ± 2.19 4 ± 1.73 3.22 ± 2.53 0.736

SAPS II at admission (mean ± SD) 47 ± 17.45 42.4 ± 19.59 47.33 ± 14.34 41.73 ± 18.72 0.793

SOFA at admission (mean ± SD) 8.5 ± 4.04 9.5 ± 6.35 7.5 ± 3.94 8.2 ± 3.79 0.896

Days pre-ICU (mean ± SD) 4.83 ± 6.24 3.2 ± 1.3 7.44 ± 8.47 4.14 ± 6.67 0.575

Influenza viruses positive  % (yes/no) 57.1
4/3

80.0
4/1

55.5
5/4

24.3
9/28

0.029

Aciclovir/ganciclovir (yes/no) 2/5 0/5 2/7 3/34 0.272

SAPS II at discharge (mean ± SD) 6 ± 0 16 ± 14.14 22 ± 0 21.7 ± 13.67 0.506

Ventilation LOS, days (mean ± SD) 22.57 ± 14.91 21.2 ± 12.72 20.67 ± 19.72 16.35 ± 17.64 0.755

ICU LOS, days (mean ± SD) 24.86 ± 15.35 24.2 ± 12.36 22.56 ± 20.08 20.81 ± 22.47 0.957

Post-ICU LOS, days (mean ± SD) 7.5 ± 2.12 4.33 ± 3.79 14 ± 13.29 10.79 ± 13.51 0.777

ICU mortality  %
(yes/no)

71.4
5/2

40.0
2/3

55.55/4 21.6
8/29

0.032

H mortality (yes/no) 0/2 0/3 0/4 2/27 0.883
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compared to 22 % in herpesviruses non-infected patients. 
Only few patients with laboratory confirmed herpesvi-
ruses infection were treated with acyclovir/ganciclovir and 
despite the treatment they died; however, the small num-
ber of observations and the lack of virological monitoring 
does not allow us to tray any conclusion. Several immu-
nological parameters were significantly impaired in the 
group of patients ICU died. In particular, a clear reduction 
in circulating lymphocytes was evident in this group when 
compared to the group of patients discharged from ICU. 
The cell reduction involves all lymphocytes populations: 
T (CD3+), B (CD19+) and NK cells (CD3CD16/56+). 
These data can account for both extravasation of cells that 
are recruited in inflamed organs and for cell apoptosis that 
typically affects hyper-activated lymphocytes. To evalu-
ate the influence on ICU mortality of viral coinfections, 
patients were divided into 4 groups depending on the 
presence of influenza and/or herpetic infection. ANOVA 
analysis showed no statistically significant difference in 
ICU mortality. In the group (n = 10) with presence of 

both infections (herpes and influenza), ICU mortality was 
40 %; in patients with only influenza positivity (n = 9), 
ICU mortality was 22.3 %, while in patients with only her-
petic positivity (n = 7), it was 71.4 %; ICU mortality was 
21.5 % in patients with no one viral positivity (n = 28) 
(p = 0.30). Even if these differences are not significant, 
these data add further evidence to the association of ICU 
mortality with herpesviruses infection, whereas ICU mor-
tality in patients with only influenza infection is similar to 
that of patients negative for both viruses.

To better investigate the variables most associated with 
mortality, we built a logistic model with SAPS II, herpes-
viruses positivity and total CD3 value. Candidate variables 
were chosen as those statistically significant and/or clini-
cally relevant to the outcome.

Table 6 shows that the only variable significantly asso-
ciated with mortality is herpetic infection; this indicates 
that herpesviruses positivity is an independent predictor of 
death. Moreover, we researched a cutoff value for SAPS II 
and CD3+ (Table 7; Figs. 1, 2).   

Table 4  Statistically significant 
differences between patients 
positive or negative for 
influenza virus

No significant differences appeared between herpesviruses infection status and immunophenotype data 
(data not shown)

Patients characteristics Influenza positive Influenza negative p value

19 35

Gender (F/M) 16/3 18/17 0.017

Herpesviruses infection (yes/no) 10/9 7/28 0.014

Oseltamivir (yes/no) 19/0 0/35 <0.001

SAPS II at discharge (mean ± SD) 11 ± 6.78 27 ± 11.75 0.01

CD3+ % 68.23 ± 7.24 60.37 ± 16.28 0.026

Table 5  Statistically 
significant differences between 
patients discharged from ICU 
(survivors) and patients died in 
ICU (non-survivors)

BMI body mass index

Patients characteristics and immunophenotype Survivors Non-survivors p value

Age (mean ± SD) 52.57 ± 16.45 63.59 ± 14.47 0.02

Gender (F/M) 15/22 5/12 0.04

BMI (mean ± SD) 30.76 ± 9.33 25.48 ± 4.38 0.01

Charlson comorbidity index (mean ± SD) 2.57 ± 2.08 4.94 ± 2.25 0.001

SAPS II at admission (mean ± SD) 38.54 ± 16.86 52.82 ± 14.99 0.004

SOFA at admission (mean ± SD) 7.54 ± 3.92 10.45 ± 3.64 0.04

Herpesviruses infection (yes/no) 8/29 9/8 0.02

Lymphocytes tot × 106/L (mean ± SD) 1065.91 ± 680.21 560.54 ± 355.43 0.002

CD3+ × 106/L (mean ± SD) 680.79 ± 464.34 377.23 ± 268.33 0.01

CD3+ CD4+ × 106/L (mean ± SD) 474.65 ± 338.96 239.15 ± 182.24 0.004

HLA-DR+ × 106/L (mean ± SD) 241.41 ± 220.49 134.54 ± 103.68 0.03

CD19+ × 106/L (mean ± SD) 200.58 ± 199.83 86.93 ± 90.71 0.01

CD3+ CD16+ × 106/L (mean ± SD) 2.74 ± 3.66 1.07 ± 1 0.02

CD3-CD16+ × 106/L (mean ± SD) 66.32 ± 75.91 27.54 ± 15.83 0.01

CD3-CD56+ × 106/L (mean ± SD) 62.21 ± 65.55 27.77 ± 17.55 0.01
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The logistic regression is slightly over-fitted, but the 
Hosmer–Lemenshow test is not significant (p = 0.149), 
suggesting a good calibration of the model.

Discussion and conclusions

ARDS is a relevant disease today, affecting patients of all 
ages that may require admission to intensive care unit. The 
mortality for this pathology is still high, despite the imple-
mentation of specific therapies in recent years. In patients 
with ARDS, bacterial infections are prevalent; however, 
there are no enough studies that highlight the presence 
of viral etiology. Among respiratory viruses, influenza A 
viruses, above all of the subtype (H1N1)pdm09, may be 
associated with ARDS, as it became evident during and 
after the last influenza pandemic. Some studies report the 
frequent presence of herpesviruses in respiratory samples 
of patients with ARDS [1–7, 34]. However, the significance 
of this positivity is still debated.

This report concerns a group of 54 patients admitted to 
ICU because of ARDS with unknown causative agent; 19 
of them were infected by influenza virus, as demonstrated 
by the detection of viral RNA in both upper and lower res-
piratory tract samples. Instead, two other patients, influ-
enza negative, were positive in the BAL for RhV and AdV, 
respectively. This study confirms that influenza viruses, 
mainly the H1N1 pandemic subtype, are frequently related 
to ARDS requiring ICU hospitalization, whereas other 
common respiratory viruses showed to be involved only 
sporadically. In 10 of 19 influenza-positive patients, also 
the DNA of one or more herpesvirus was present in the 
BAL, whereas no coinfection with herpesviruses was found 
in the patients with RhV or AdV infection. Thus, in BAL of 
7 patients, DNA of herpesviruses alone was found. These 
data indicate that in 28/54 patients viral infections seem to 
be involved in ARDS. However, the number of respiratory 
virus-positive patients could be underestimated because of 
the time elapsed between the onset of symptoms and the 
ICU hospitalization. In addition, this study concerned the 
common respiratory viruses, whereas others like bocavi-
rus and mimivirus were not included. Moreover, it is pos-
sible that other already unknown viruses exist. Data on 
other causative agents as bacteria or fungi have not been 
considered in this study. In addition to the detection of a 
direct viral cause of ARDS, this study highlights the exist-
ence of some interaction among different viruses and also 
among viruses, immune status and outcome of ARDS. 
In fact, a significant correlation was observed between 
influenza infection and herpesviruses reactivation, dem-
onstrated by the detection of the viral DNA in the BAL. 
This observation could suggest that the respiratory mucosa 
damage caused by influenza virus replication can trigger 

Table 6  Results of logistic regression analysis to evaluate the asso-
ciation of 3 variable chosen with ICU mortality

 *p < 0.05

Variables Adjusted OR 95 % CI p value

SAPS II (1 unit step) 1.04 0.99–1.09 0.140

Herpesviruses positivity 5.63 1.22–26.04 0.027*

CD3+ (1 × 106/L step) 0.998 0.995–1.001 0.171

Table 7  Cutoff analysis for SAPS II at admission and CD3+ data

 *p < 0.05

Variables AUC 95 % CI p value

SAPS II 0.74 0.61–0.87 0.005*

CD3+ 0.75 0.59–0.90 0.010*

Fig. 1  Cutoff identification by ROC curve for SAPS II at ICU admis-
sion. A cutoff value of 36.5 has 94 % of sensibility and 49 % of spec-
ificity, with a positive predictive value (PPV) of 46 % and negative 
predictive value (NPV) of 95 %

Fig. 2  Roc curve for CD3+. A cutoff value of 408 × 106/L has 77 % 
of sensibility and 74 % of specificity, with PPV of 53 % and NPV of 
89 %
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herpesviruses reactivation. As regards each herpesvirus 
searched in the respiratory tract of the patients included in 
this study, EBV was the more frequently detected (43 %), 
whereas both hCMV and HSV1 were present in the respira-
tory tract of 28 % of patients. However, in BAL EBV DNA 
was found in 5 patients only (9 %), and hCMV DNA and 
HSV1 DNA were found in 7 (13 %) and 9 (17 %) patients, 
respectively. The frequency and DNA load of HSV1 in 
BAL samples were higher than that of hCMV and EBV, 
and in 6 patients, it was higher than 100,000 copies/ml, 
a value that is reported in the literature [5] as related to 
higher mortality. These results are in agreement with those 
of Tachikawa [35] who reported that reactivation of HSV1 
was predominantly observed in intubated patients regard-
less of their immune status, whereas reactivation of hCMV 
and EBV was rare in immunocompetent patients.

Herpesviruses reactivation, as could be inferred by 
the detection of viral DNA in BAL, was not significantly 
associated with impaired immunophenotype, whereas it 
showed to be related to ICU mortality. In particular, the 
highest ICU mortality was observed among patients with 
hCMV reactivation, followed by those with HSV1 reactiva-
tion and then by those with EBV reaction. As regards the 
role of each herpesvirus here considered, the small number 
of data for each virus does not allow to draw a definitive 
conclusion. Altogether, it seems that EBV may be involved 
in ARDS like the two other herpesviruses, with a slightly 
lower frequency. Furthermore, the data analyzed in this 
study indicate that ICU mortality was significantly related 
to an impaired immunophenotype as patients with poor out-
come showed severe lymphopenia, affecting in particular T 
(CD3+) cells, since the first days of ICU hospitalization.

In the present study, for the first time, as far as we know, 
several factors, like respiratory viral infections, respiratory 
infection/reactivation by some herpesviruses and immune 
status of the patients, have been considered and analyzed 
together. The results obtained, even if on a small number of 
patients, suggest that in a situation such complex as ARDS 
and in its outcome these factors may act at same time and 
synergistically: among these, viral respiratory infection, 
mainly by influenza A(H1N1)pdm09, herpesviruses reac-
tivation (more frequently HSV1, hCMV and also EBV), 
which may be triggered by the influenza infection, and 
immune factors (as impaired immunophenotype).

This study has several limitations which are in part 
related to its observational nature and the scanty samples 
number. It emphasizes the importance of BAL analysis, 
whereas the analysis of viremia was performed only in 
few patients so that we were not able to afford a system-
atic analysis of these data, which must be implemented in 
future studies. In addition, it lacks dynamic data on her-
pesviruses infection, like resolution or persistence of viral 

infections. In addition, the usefulness of acyclovir/ganci-
clovir administration needs to be better studied.

The data obtained imply that in ARDS ICU patients—
influenza virus laboratory diagnosis should be performed 
more frequently and as soon as possible; herpesviruses 
lower respiratory tract infection should monitored, together 
with the immunological evaluation. This could allow for 
a timely anti-influenza treatment which could decrease 
the influenza virus damage on the respiratory mucosa and 
eventually decrease the probability of herpesviruses reacti-
vation. Data deriving from the study of the immunological 
setting suggest that the evaluation of the immunopheno-
type is essential in order to improve the risk stratification in 
patients affected by systemic virus infection.
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