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Company-Biosciences, San Jose, CA, USA), as described previously [Solano et al.,140 2008; [START_REF] Tormo | Lack of prompt expansion of cytomegalovirus pp65 and IE-1-470 specific IFNgamma CD8(+) and CD4(+) T cells is associated with rising levels 471[END_REF]. Whole blood was simultaneously stimulated with two sets of 141 15-mer overlapping peptides encompassing the sequence of pp65 and IE-1 CMV 142 proteins (2 µg/ml/peptide), obtained from JPT peptide Technologies (GmbH,Berlin,143 Germany), in the presence of 1µg/ml of costimulatory mAbs to CD28 and CD49d. Cells Overall, CMV DNA load in TA and PL correlated significantly (σ=0.563; P=0.003); 181 However, the presence of high CMV DNA loads in TA (> 1000 copies/mL) in the face 182 of either low or undetectable levels of plasma CMV DNAemia was observed in some 183 patients during the follow-up. Initial and peak CMV DNA levels during episodes of 184 active CMV infection were significantly higher in TA than in PL (Figure 1). Peak CMV 185 DNA loads in TA or PL from patients who died were not significantly different from 186 those measured in patients who survived.

187 Plasma TNF-α levels 188 TNF-α has been shown to be a key mediator of CMV reactivation in the murine CMV 189 model [START_REF] Cook | 395 Intra-abdominal infection reactivates latent pulmonary cytomegalovirus in 396 immunocompetent mice[END_REF]Cook et al., 2006a;[START_REF] Forster | Antiviral prevention of sepsis induced cytomegalovirus 419 reactivation in immunocompetent mice[END_REF]. We quantified 190 plasma levels of this cytokine in patients with and without active CMV infection. The 

227

Clinical outcome of patients with an active CMV infection 228

The overall mortality rate was higher in patients with (61%) than in patients without 229 (47%) an active CMV infection, although statistical significance was not reached (Table 230 1). ICU stay was significantly longer for the former patients than for the latter. Both The incidence and clinical relevance of active CMV infection in critically ill patients 247 without canonical immunosuppression have been assessed in a number of studies 248 [START_REF] Domart | 415 Incidence and morbidity of cytomegalovirus infection in patients with 416 mediastinitis following cardiac surgery[END_REF]Stephan et al., 1996;[START_REF] Cook | Occult herpes 392 family viruses may increase mortality in critically ill surgical patients[END_REF][START_REF] Kutza | High incidence of active 438 cytomegalovirus infection among septic patients[END_REF] 249 [START_REF] Heininger | Human 429 cytomegalovirus infection in nonimmunosuppressed critically ill patients[END_REF][START_REF] Cook | Occult herpes family viral infections are endemic in critically ill 399 surgical patients[END_REF][START_REF] Jaber | 432 Cytomegalovirus infection in critically ill patients: associated factors and 433 consequences[END_REF][START_REF] Müller | Active cytomegalovirus infection in patients with 476 septic shock[END_REF] 250 [START_REF] Limaye | 444 Cytomegalovirus reactivation in critically immunocompetent patients[END_REF][START_REF] Ziemann | 484 Increased mortality in long-term intensive care patients with active 485 cytomegalovirus infection[END_REF][START_REF] Chiche | Active cytomegalovirus infection is common in 387 mechanically ventilated medical intensive care unit patients[END_REF][START_REF] Kalil | Prevalence and mortality associated with 435 cytomegalovirus infection in nonimmunosuppressed patients in the intensive 436 care unit[END_REF] of most patients in our series (presence of sepsis) [START_REF] Cook | 395 Intra-abdominal infection reactivates latent pulmonary cytomegalovirus in 396 immunocompetent mice[END_REF]Cook et al., 2006a; 258 Cook et al., 2006b]. To our knowledge, no previous study employed a qPCR test for 259 monitoring CMV infection in the lower respiratory tract. We assumed that the 260 possibility of CMV detected in TA coming from the upper airways (saliva) in 261 mechanically ventilated patients was negligible. Based on our data, we also assumed 262 that CMV DNA detected in TA, even when present at low levels, was derived from 263 cells lytically infected and not merely from cells harboring the CMV genome in a latent 264 state.

265

Active CMV infection occurred at an exceedingly high rate (around 40%) in our 266 cohort. In previous studies, the overall rate of systemic CMV infection in highly 267 heterogenous population groups of critically ill patients was 20% when the surveillance 268 method was a qualitative PCR test or the pp65 antigenemia assay [START_REF] Kalil | Prevalence and mortality associated with 435 cytomegalovirus infection in nonimmunosuppressed patients in the intensive 436 care unit[END_REF] [START_REF] Osawa | Cytomegalovirus infection in critically ill patients: a 447 systematic review[END_REF], both less sensitive than the PCR assay used in the current study 270 [START_REF] Gimeno | Quantification of DNA in 423 plasma by an automated real-time PCR assay (CMV PCR Kit, Abbott) for 424 surveillance of active cytomegalovirus infection and guidance of pre-emptive 425 therapy for allogeneic hematopoietic stem cell transplant recipients[END_REF], the highest rate being reported in patients with septic shock [Kalil 271 et al.,2009;[START_REF] Osawa | Cytomegalovirus infection in critically ill patients: a 447 systematic review[END_REF]]. An incidence of 38% was recently reported [Limaye et 272 al., 2008] in a series of patients in different ICUs who were also monitored by a qPCR 273 assay. In our series, patients with no evidence of active CMV infection were followed- 
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The fact that no patient with an active CMV infection received antiviral therapy 290 allowed us to investigate the natural history of CMV reactivation in this clinical setting.

291

In approximately one-third of cases, CMV DNA was detected earlier in TA than in PL, 

332

A clear dissociation of CMV DNA levels in TA and blood (high levels in TA and low 333 or undetectable levels in PL) was observed in a number of patients in the face of high 334 frequencies of peripheral CMV-specific T cells (see patients 3 and 8 in Table 3). It The molecular basis of CMV reactivation in critically ill patients is largely unknown.

341

On the basis of data obtained in the murine CMV model [START_REF] Cook | 395 Intra-abdominal infection reactivates latent pulmonary cytomegalovirus in 396 immunocompetent mice[END_REF]Cook et al., 342 2006a], it may be inferred that a pro-inflammatory state driven by the primary disease 343 leads to CMV reactivation. In this mechanistic model, TNF-α, a cytokine known to 344 directly stimulate immediate early (IE) CMV gene expression in vitro [Prosch et al.,345 1995], may exert a pivotal role [START_REF] Döcke | Cytomegalovirus reactivation and tumor 413 necrosis factor[END_REF]. Furthermore, human CMV may 346 cause abnormal pulmonary expression of TNF-α, as has been shown in the mCMV 347 model [START_REF] Forster | Antiviral prevention of sepsis induced cytomegalovirus 419 reactivation in immunocompetent mice[END_REF], resulting in lung injury. We found high plasma TNF-α 348 levels in our patients irrespective of their clinical condition; Nevertheless, prediction of 349 the development of active CMV infection could not be made on the basis of plasma 350 TNF-α levels measured shortly after ICU admission. In contrast to an earlier report 351 [START_REF] Kutza | High incidence of active 438 cytomegalovirus infection among septic patients[END_REF], we found that CMV reactivation did not result in a measurable 352 increase in the plasma levels of this cytokine. These data, however, do not dismiss the for developing CMV reactivation [START_REF] Cook | Cytomegalovirus reactivation in "immunocompetent" patients: A 390 call for scientific prophylaxis[END_REF].

356

The limited number of patients enrolled in our series precluded a robust statistical 357 analysis of the potential effect of active CMV infection in the clinical outcome of 358 critically ill patients. Our data, however, are consistent with previous conclusions drawn 359 from studies including a much greater number of patients [START_REF] Jaber | 432 Cytomegalovirus infection in critically ill patients: associated factors and 433 consequences[END_REF]Limaye et 360 al., 2008;[START_REF] Chiche | Active cytomegalovirus infection is common in 387 mechanically ventilated medical intensive care unit patients[END_REF] in that the overall mortality rate and the length of ICU 361 stay are higher in patients with active CMV infection than in patients who do not 362 develop it. Nevertheless, we could not find an association between the peak CMV DNA 363 load in either TA or PL and mortality. This is in contrast to data reported by Limaye et TA, tracheal aspirate; PL, plasma; NA, not available. Patients 1 and 8 had catheterrelated fever (bacteriemia), patient 2 had septic shock of abdominal origin, patient 3 had sepsis following VAP (ventilator-associated pneumonia), patient 4 had a cardiogenic shock, patients 5, 7 and 9 had sepsis of abdominal origin, and patient 6 developed VAP.

a Enumeration of CMV pp65 and IE-1 (simultaneous stimulation with overlapping peptide libraries)-specific IFNγ-producing T cells by intracellular cytokine staining (ICS).

b Undetectable responses were computed as 0 cells/ µL. 

  without canonical immunosuppression, especially those with 46 severe sepsis, frequently experience episodes of active CMV infection during their stay and IE-1 (15-mer overlapping peptide mixes) CMV-specific 137 IFNγ-producing CD8 + and CD4 + T lymphocytes was carried out using flow cytometry 138 for intracellular cytokine staining (ICS) (BD Fastimmune, BD-Beckton Dickinson and 139
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  144 were analyzed on a FACSCalibur flow cytometer using CellQuest software (BD 145 Biosciences Immunocytometry Systems). Specific responses were considered those 146 with the aid of the statistical package SPSS (version 17.0). 149 Comparisons were carried out using the non-parametric Mann-Whitney U-test for 150 unpaired continuous data, the Wilcoxon test for paired continuous data, and the Fisher's 151 exact test for categorical variables. The Spearman rank test was used for analysis of 152 correlation between continuous variables. A P value (two-tailed) <.05 was considered 153 204 samples (99 TA and 105 PL specimens) from 53 patients were 160 screened for the presence of CMV DNA. Forty-two TA (42%) and 31 PL (29%) tested 161 positive. Out of the 53 patients, 21 (39.7%) experienced an episode of active CMV 162 infection during ICU stay. Clinical and demographic data of patients either with or 163 without active CMV infection are shown in Table 1. CMV DNA was detected in both 164 TA and PL in 14 patients. In 4 of these patients, detection of CMV DNA in TA 165 preceded that in PL by a median of 7 days. In the remaining 10 patients, CMV DNA 166 was detected concurrently in both type of specimens. In 5 patients CMV DNA was 167 detected in TA without concomitant or subsequent detection of CMV DNA in PL. 168 Plasma CMV DNAemia was also detected in 2 patients for whom TA were not 169 available for analysis. 170 Virological data of active CMV infection episodes are shown in Table 2. Overall, median time to first detection of active CMV infection after admission was 12 days 172 (range, 0-34 days). A trend for an earlier detection of CMV DNA in TA in comparison 173 with that in PL was observed. Resolution of active CMV infection was documented in 174 10 out of the 21 episodes in the absence of antiviral treatment (median duration of the 175 episodes 22 days; range 5-35 days). In the remaining 11 episodes CMV DNA was still 176 detectable either in TA, PL, or both at the time of the discharge of the patients from ICU 177 (n=2) or their death (n=9). Clearance of CMV DNAemia preceded that of CMV DNA in 178 TA in 3 out of 7 the resolved episodes in which CMV DNA was eventually detected in 179 both PL and TA.
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  results are shown in Table3. High plasma TNF-α levels were found in all patients, 192 especially in those with severe sepsis or septic shock (not shown). The median plasma 193 TNF-α levels measured in patients without an active CMV infection (n=30) shortly after 194 ICU admission (median of 3 days) were not significantly different from those quantified 195 in patients (n=12) with an active CMV infection prior to the occurrence of the episode 196 (median of 4 days after ICU admission). In addition, we found neither significantly 197 higher levels of TNF-α during the episodes of active CMV infection than in the absence 198 of them, nor did we observe significant increases of plasma TNF-α levels following 199 CMV reactivation (P=0.84 by the Wilcoxon test) in 8 patients for whom basal and 200 sequential measurements were available.

  could demonstrate a marked expansion of both IFNγ CMV-specific CD8 + and 226 CD4 + T cells during the follow-up.

231

  group populations were matched for age, sex, basal clinical conditions or clinical 232 complication during ICU stay, and receipt of steroids and vasoppressors (not shown).

  ; Osawa 251 et al., 2009]. Nevertheless, little is known about the natural course of CMV reactivation 252 in this clinical setting. In the present study, CMV-seropositive patients in a surgical and 253 trauma ICU who were mechanically ventilated were examined sequentially for the 254 presence of CMV in PL and TA by means of a highly sensitive real-time qPCR, the 255 latter on the basis of previous studies conducted in the mCMV model indicating that the 256 lungs are a major site of CMV reactivation under clinical conditions analogous to those 257

  274up for a median of 11 days because of their discharge from ICU or their death. Taking 275 into consideration that patients with active CMV infection displayed the first positive 276 PCR result at a median of 12 days after admission, it is likely that the percentage of 277 patients with active CMV infection might have been even higher had the former patients 278 stayed in ICU for a longer period of time. In our opinion, two main reasons accounted 279 for the high rate of active CMV infection observed in our cohort. Firstly, the extreme 280 sensitivity of the PCR method employed, and secondly the use of respiratory specimens 281 for the surveillance of active CMV infection. In this context, CMV reactivation was 282 diagnosed in around 25% of patients solely on the basis of the presence of CMV DNA 283 in TA, indicating that monitoring for the presence of CMV in the blood compartment 284 may understimate the actual incidence of active CMV infection in critically ill patients. 285 Taken together our data reinforce the hypothesis of lungs being a major site of CMV 286 reactivation, and indicate that screening of lower respiratory tract specimens is 287 imperative for an optimal diagnosis and monitoring of active CMV infection in ICU 288 patients.

  292and resolution of active CMV infection occurred within 2-3 weeks, which is in 293 experience CMV reactivation during ICU stay. Higher cell counts of both 318 T-cell subsets were found in patients with ongoing CMV replication than in patients 319 without active CMV infection, probably reflecting the occurrence of a clonal expansion 320 of activated T cells driven by CMV in the former patients. In this sense, an expansion of 321 both T-cell subsets subjected to analysis could be demonstrated in 3 out of 4 episodes 322 that were eventually cleared, and for which sequential samples were available. The 323 presence of high peripheral levels of functional CMV-specific T cells may explain why 324 most patients displayed low CMV DNAemia loads and finally achieved control of 325 CMV replication in the absence of antiviral therapy. Interestingly, however, 326 undetectable CMV-specific T-cell responses were seen in 2 patients displaying high 327 peak CMV DNAemia loads (>500 copies/mL-values above the threshold for initiation 328 of pre-emptive antiviral therapy in allogeneic stem cell transplant recipients [Gimeno et 329 al., 2008]-). These patients did not receive high steroid doses and died shortly thereafter. 330 Future studies should determine whether this subset of patients are at high risk of 331 developing CMV-related clinical complications.
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  would be of interest to determine whether intercompartmental differences in the 336 functionality of CMV-specific T cells do occur in this setting. Should this hold true, 337 then immune monitoring of blood levels of CMV-specific T cells would not always 338 provide an accurate estimation of the degree of immunocompetence against CMV in the 339
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  pathogenetic involvement of TNF-α. Other factors, such as the burden of latent CMV in 354 the lungs (or other tissue or mucosal sites) may critically determine the individual risk 355

  2008]. Our data, however, should be interpreted with caution given the scarce 365 number of patients enrolled in the study. 366 Despite the evidence supporting a pathogenic role of CMV in critically ill patients, 367 definitive data proving causality are lacking. Only a controlled clinical trial of CMV-368 specific antiviral therapy may shed light on this issue. With this prospect, data on the 369 natural history of CMV reactivation in ventilated critically ill patients presented herein 370 should be taken into consideration for an optimal monitoring of active CMV infection. 371 ACKNOWLEDGMENTS 372The authors do not have a commercial or other association that might pose a conflict of 373 interest. We thank Julia García and Mónica Reig for their technical assistance.
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TABLE 1 .

 1 Characteristics of patients in a surgical and trauma intensive care unit (ICU) with or without an active cytomegalovirus (CMV) infection Clinical condition present at admission in ICU or during ICU stay.

	Active CMV infection
	_________________________

a Fisher´s exact test.

b Mann-Whitney U test. c

TABLE 2 .

 2 Virological parameters in surgical and trauma intensive care unit (ICU) patients with an active cytomegalovirus (CMV) infection Data on the 7 episodes of active CMV infection with positive CMV DNA results in tracheal aspirates and plasma specimens that eventually resolved during the follow-up.

		Specimen		
		________________________	
	Variable	Tracheal aspirate	Plasma	P value
	Patients with positive			
	CMV PCR result, no. (%)	19 (100) a	14 (76)	
	Initial CMV DNA load,			
	(copies/mL)	124 (11-57042)	18 (10-2660)	0.04 a
	Peak CMV DNA load,			
	(copies/mL)			
	Overall	239 (11-132754)	67 (10-2799)	0.02 a
	Deceased	357 (11-132754)	59.5 (10-2779)	-
	Survivors	164 (38-8103)	81.5 (10-2779)	-
	Samples with CMV DNA			
	load >1000 copies/mL, no. (%)	8 (19)	4 (12)	0.45 b
	Time to first positive PCR			
	after admission, days	11 (0-34)	16.5 (0-28)	0.36 a
	Time to resolution (negative			
	PCR) of the episode, days c	28 (18-35)	20 (10-35)	0.30 a
	Data are median (range) values unless otherwise indicated.		

a Mann-Whitney U test.

b Fisher´s exact test. c

TABLE 3 .

 3 Immunological parameters in surgical and trauma intensive care unit (ICU) patients with or without an active cytomegalovirus (CMV) infection No significant difference with respect to values measured prior to CMV reactivation (P=0.81, by the Mann-Whitney U test)

		Active CMV infection	
		__________________________	
	Variable	Yes	No	P value
	CMV-specific T-cell			
	response (cells/µL) a			
	IFNγ CD8 +	3.2 (0-17.3) b	0.84 (0.16-4.6)	0.05 c
	IFNγ CD4 +	2.6 (0-3.9) b	0.62 (0.28-4.48)	0.04 c
	Plasma TNF-α (pg/mL)			
	Basal	9.6 (7.4-14.5) d	9.9 (7.1-25.7) e	0.80 c
	During episodes	9.2 (7.4-24.4) f	NA g	
	Data are median (range) values.			

a Cytomegalovirus (CMV) pp65 and IE-1 IFNγ-producing T cells, as enumerated by flow cytometry for intracellular cytokine staining (ICS), in 9 patients with and 9 patients without an active CMV infection. b Values measured during the episodes of active CMV infection. c Mann-Whitney U test. d Values obtained from patients (n=30) without an active CMV infection (median 3 days after ICU admission).

e Values measured prior to the development of an active CMV infection in 12 patients (median of 4 days after ICU admission).

f Values measured during episodes of active CMV infection (28 samples in 18 patients).

g Not applicable.

TABLE 4 .

 4 Evaluation of the CMV-specific T-cell immunity in surgical and trauma intensive care unit (ICU) patients with an active CMV infection

	Patient	Day after	CMV DNA load	IFNγ CMV-specific
		ICU admission	(copies/mL) in	T cells (cells/µL) a
			_________________	_________________
			TA	PL	CD8 +	CD4 +
	1	18	177	10	15.7	7.9
		29	151	53	14.2	4.69
		35	0	0	NA	NA
	2	4	25	10	3.2	2.9
		15	29	0 b	5.9	6.4
		29	0	0	NA	NA
	3	7	11	0	1.8	4.3
		12	86	17	1.3	NA
		22	50	0	5.5	4.7
		32	8103	17	0.79	1.3
	4	4	4352	623	0	0
	5	1	0	0	1.3	1.4
		15	126	14	1.0	0.80
		27	25	16	4.2	3.2
		40	0	0	NA	NA
	6	0	0	0	1.2	1.1
		5	290	57	17.3	1.2
		19	184	23	13.9	2.8
		29	0	0	NA	NA
	7	36	14002	1931	0	0
	8	3	57042	375	4.6	2.3
	9	1	38	0	0.50	0.70
		7	259	0	1.8	0.91